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ABSTRACT:

The present deliverable presents the rational of the project, in a more explicit and
detailed manner, as well as its specific objectives. It elaborates the adopted
requirements engineering methodology adopted by the project and shortly present details
of the Clinical Studies designed for the evaluation of the results of the project.

Explicit scenarios, presenting both user-driven stories expressing user-needs, as they are
documented by representative users, as well as technology-driven description of
requirements of the system under design, representing indicative functionality of the
system, as understood by experienced technological experts, have been developed and
are described. The various future user groups and stakeholders of the project’s results
are presented and analyzed. Initial user requirements and functional requirements of the
ACGT platform are elaborated. These requirements will be further elicited in the various
WPs of the project, as foreseen in the DoW.

With the initial requirements of the project in mind, a large number of data sources, tools,
standards and technology are available for the different aspects of the intended system
and significant R&D results are available in a number of related scientific domains.
PART 2 of the deliverable provides a detailed state-of-the-art review in all of the scientific
areas relevant to the project.
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Executive Summary

ACGT is an Integrated Project (IP) funded in the 6th Framework Program of the European
Commission under the Action Line “Integrated biomedical information for better health”. The
high level objective of the Action Line is the development of methods and systems for
improved medical knowledge discovery and understanding through integration of biomedical
information (e.g. using modelling, visualization, data mining and grid technologies).
Biomedical data and information to be considered include not only clinical information
relating to tissues, organs or personal health-related information but also information at the
level of molecules and cells, such as that acquired from genomics and proteomics research.

ACGT focuses on the domain of Cancer research, and its ultimate objective is the design,
development and validation of an integrated Grid enabled technological platform in support of
post-genomic, multi-centric Clinical Trials on Cancer. The driving motivation behind the
project is our committed belief that the breadth and depth of information already available in
the research community at large, present an enormous opportunity for improving our ability
to reduce mortality from cancer, improve therapies and meet the demanding individualization
of care needs.

In addition to the shear volume, data collected using a variety of laboratory technologies and
techniques are often published without the background information (method of capture,
sample preparation, statistical techniques applied) that is needed to reproduce results. In
fact, a typical researcher spends as much time trying to understand the origins of a dataset
as actually performing new analyses. Rarely is a clinical biostatistician able to make good
use of data collected on studies in which they were not directly involved with, largely due to
incomplete or non-existent annotation and standardization of the information. Even within a
single laboratory, researchers have difficulty integrating data from different technologies
because of a lack of common standards and other technological and medico-legal and
ethical issues. As a result, very few cross-site studies and clinical trials are performed and in
most cases it isn’'t possible to seamlessly integrate multi-level data. Moreover, apart from
problems in sharing and re-using data, what is even more critical is the fact that clinical
researchers or molecular biologists often find it hard to exploit each other’s expertise due to
the absence of a cooperative environment which enables the sharing of resources and tools
for comparing results and experiments, and a uniform platform supporting the seamless
integration and analysis of disease-related data at all levels.

The ultimate objective, therefore, of the ACGT project is the development of European
Knowledge Grid infrastructure offering high-level tools and techniques for the distributed
mining and extraction of knowledge from data repositories available on the Grid, leveraging
semantic descriptions of components and data and offering knowledge discovery services in
the domain of Cancer research. Special emphasis will be given to the trust that needs to be
embedded in the platform and relevant ethical issues, thus creating optimal conditions for
service uptake.

The present document is the first deliverable on the requirements of such a system. The
requirements engineering process is a structured set of activities which leads to the
production of a requirements document.

Due to the complexity and ample scope of the project as well as the size of the project with
its many partners with complementary expertise, we primarily have to firstly define a minimal
set of requirements from where to build on such a system and secondly, minimize wheel
reinvention by identifying which technological components are available, and which are
required to be built, in order to comply with such requirements. In the very complex domain,
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within which ACGT positions itself, the requirements definition activity cannot be defined by a
simple progression through, or relationship between, acquisition, expression, analysis, and
specification. Requirements evolve at an uneven pace and tend to generate further
requirements from the definition processes.

The project has selected indicative Clinical Trials on Cancer, namely breast cancer, pediatric
nephroblastoma and in-silico modelling and simulation of tumor growth and response to
treatment, for the initial requirements gathering activity. Since we see the requirements
engineering process as a structured set of activities which will lead to the production of the
final system requirements, an iterative requirements engineering process has been adopted,
mainly based on scenarios and prototyping. Inputs to the requirements engineering process
are information about existing systems, user and stakeholder needs, organizational
standards, regulations and other domain information.

Explicit scenarios, presenting both user-driven stories expressing user-needs, as they are
documented by representative users, as well as technology-driven description of
requirements of the system under design, representing indicative functionality, as understood
by experienced technological experts, have been developed. This has led to the inevitable
differences in the structure and content of the presented initial scenarios, which form the
basis for the acquisition of initial requirements. The project intends to continue the
development of additional such scenarios, by reaching out to the wider user community that
will be the future users of the ACGT technological platform, a fact already foreseen in its
DoW.

Part 1 of the present deliverable presents the rational of the project, in a more explicit and
detailed manner, as well as its specific objectives. It elaborates on the adopted methodology
for requirements engineering and shortly present details of the Clinical Studies designed for
the evaluation of the results of the project. It should be observed that the term “studies”
rather than “trials” is used. The reason for this is the fact that although the presented studies
are indeed formal designs of clinical trials they can not be formally implemented through the
use of the ACGT technologies. The reason is that by the time the technologies are ready,
there will not be adequate time to execute a properly designed Clinical Trial. Nevertheless,
these properly designed clinical trials will enable the implementation of studies (i.e. reduced
number of patients enrolled) which will allow the validation of the integrated ACGT
technological environment as a whole but also the validation of its individual building blocks.
The various future user groups and stakeholders of the project are presented and analyzed.
Initial user requirements and functional requirements of the ACGT platform are elaborated.
These requirements will be further elicited in the various WPs of the project, as foreseen in
the DoW.

With the initial requirements of the project in mind, a large number of data sources, tools,
standards and technology are available for the different aspects of the intended system and
significant R&D results are available in a number of related scientific domains. PART 2 of the
deliverable provides a detailed state-of-the-art review in all of the scientific areas relevant to
the project.

Prior to presenting the SoA in these areas, the Deliverable includes a Chapter providing a
review in the domain of integrated ‘-omic’ studies for disease-specific diagnosis, prognosis
and therapy design and the existing challenges. The objective is, for the readers of this
document, to understand the main challenges ahead and the relevance of all of the
technological domains reviewed thereafter, in truly integrated studies, i.e. studies requiring
access, integration, analysis and presentation of multilevel biomedical data. Several cases
and international studies are described presenting working hypothesis that the joint analysis
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of genomic and proteomic data will provide more information for modelling disease
susceptibility than either analysis alone.

As a result it should become clear to the reader that the ultimate objective of the foreseen
ACGT technological platform is integrated access to multilevel (semantically consistent)
biomedical data, its integration and analysis on the GRID.

From this point on the Deliverable provides detailed SoA review of the following scientific
domains:

= Biomedical Grids

Grid computing provides a novel approach to harnessing distributed resources,
including applications, computing platforms or databases and file systems. Applying
Grid computing can drive significant benefits by improving information access and
responsiveness, and adding flexibility, all crucial components of solving the data
warehouse dilemma. Special effort was made to fully review the methodological
approaches taken by some key Grid projects of direct relevance to ACGT, their
achievements and the technologies produced which may be of use to ACGT.

= Systems and Standards for Clinical Trials

The project needs to create a number of tools for the uniform, semantically consistent
reporting, and management of multi-centric clinical trials. For this reason relevant SoA
is reviewed with emphasis given to approaches for “ontology based” implementation of
end user applications.

= Bioinformatics Tools

The number of analytical tools required to be developed, as open source services that
are publishable and discoverable in the ACGT Grid, is large. On the other hand an
extensive SoA review indicates that a large number of analytical tools also do exist,
most of which are available as open source. This fact again identifies one of the main
challenges in this domain, i.e. the utilisation of the Grid (Gridification of analytical tools)
and the standardisation of the ways in which they are published on the Grid, including
the metadata used to describe them, so that such tools are discovered and seamlessly
orchestrated in complex analytical workflows.

For this reason (i.e. the need for service invocation) coupled with the characteristics of
the majority of the future ACGT users (i.e. non-IT experts) we have identified a need for
supporting visual techniques and developing user-friendly tools supporting invocation
and orchestration of services for data access, analysis, visualisation etc. A review into
current SoA is, thereby, included.

Also a Chapter has been included providing a SoA review on the use of 2D and 3D
visualisation tools. In ACGT, the complexity, dimensionality and size of the data to be
visualized are expected to increase rapidly. This calls for a flexible and powerful
visualization environment. Apart from the needs for the 3D visualization of the results
of the Oncosimulator there are needs for such tools to be used for the interactive 3D
visualization of scatter plots, Principal Component Analyses, 3D graphs/networks and
perhaps even 3D self-organizing maps.
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= Ontologies and Semantic Information Integration

A central component of the foreseen ACGT platform is its Master Ontology. The ACGT
Master Ontology on Cancer has a pivotal role for enabling (a) semantic information
integration and (b) ontology based implementation of end-user applications. As a result
SoA reviews are included both in the domain of Biomedical Ontologies as well as
Semantic Integration of Heterogeneous Databases.

= Metadata

ACGT focuses on the semantic integration of data but also on the discovery,
integration, and management of sharable data assets (i.e. data and tools operating on
such data). As a result the issue of metadata becomes of paramount importance for the
successful achievement of the project objectives. Metadata is often called ‘data about
data’. More precisely, it is the underlying definition or structured description of the
content, quality, condition or other characteristics of data. The relevant Chapter
provides a SoA review, presents related standards and experiences of other
international projects with somewhat similar to ACGT requirements and objectives.

=  Workflows

In order to support scientists in their data management and analysis tasks, scientific
workflows have recently gained increased interest and momentum as a unifying
mechanism for handling scientific data. Scientific workflows pose a unique set of
challenges, due to the nature of scientific data and the specific needs for large-scale
data collection, querying and analysis.

The ultimate objective of the project is the delivery of a user-friendly workflow
environment to its users, enabling efficient discovery of data sources and analytical
tools as well as their seamless integration into scientific workflows and their execution
on the Grid. Relevant SoA is presented, available workflow platforms are evaluated
and the experiences of relevant to ACGT projects are analyzed, especially with respect
to the need for metadata description of the workflows themselves.

* In-silico modelling and Simulation

Also, a detailed SoA in the domain of In-silico modelling and simulation of tumour
response to therapy is included, to be used as the foundation for the selection and
specification of the required technologies and scientific methods for the ACGT In-Silico
modelling and simulation trial.

The present document also includes detailed SoA of the current Legal and Ethical issues
involved in multi-centric post-genomic Clinical Trials, the current regulatory framework and of
techniques for privacy enhancing. These domains will enable the specification of the
security view of the ACGT architecture and the implementation of the, domain specific,
security services of the platform.

Finally, Grid portal technologies and on-line training platforms are reviewed, since the ACGT
Grid portal will provide the point of access to the ACGT infrastructure and also be used for
the continues training of the wider community addressed by ACGT.

PART 3 of the Deliverable includes a number of Appendices, with additional very useful
information on various topics and an elaborate list of abbreviations and acronyms.
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PART 1

User Needs and

Requirements
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1 Introduction

1.1  Project background

Recent and forthcoming developments in genomics and the increased importance of
genetics in healthcare are already changing clinical care. Research on the molecular
mechanisms of cell growth, apoptosis and differentiation has resulted in a better
understanding of the nature of cancer cells. The genotypic knowledge of a cancer cell helps
to identify the predisposition of the disease and develops therapies adapted to the genotype
of a cancer patient. Medicine is getting more individualised.

The information from genetic and protein studies, clinical trials, and other research is growing
rapidly. On the other hand there is no unifying infrastructure or common standard for the
technologies that cancer researchers use. There are for example no mechanisms for easily
sharing and joining data. In responding to these challenges, Biomedical Informatics is quickly
evolving into a research field that encompasses the use of all kinds of biomedical
information, from genetic and proteomic data to image and clinical data associated with
various levels of the human body. This kind of integration and exploitation of the data and
information requires a new synergetic approach that enables a bi-directional dialogue
between these scientific disciplines and integration in terms of data, methods, technologies,
tools and applications. While the goal is clear, the path is difficult to go, fraught with
technical, scientific, clinical, legal and ethical challenges. Many new tools for today’s
biomedical researcher have been developed to find the mechanism behind cancer, whereas
legal and ethical issues are lagging behind.

The main objective of ACGT is the fight against cancer. To achieve this goal ACGT has the
following objectives

e The ACGT project sees its mission to develop a GRID platform to support and
stimulate further exchanges of both clinic and genetic information.

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

e ACGT targets two major cancer diseases namely, breast cancer (BRCA) and
paediatric nephroblastoma (PN) presented by three (running) clinical trials.

e In addition, in-silico oncology trial scenarios will be run to assess the utility of
tumour-growth simulation on both BRCA and PN.

1.2 The ACGT Environment

ACGT was set up to respond to the challenges arising from three global factors as
mentioned above:
» Changing environment comprising a number of issues in all areas of life science

= Changes in healthcare delivery comprising the move towards a more individualised
medicine and

= Technology push in conjunction with Biomedical Informatics
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ACGT focuses on clinical trials on Cancer (Wilms tumor, Breast) and is based on the
principles of open access (among trusted partners) developing open source products.

ACGT will provide a unified technological infrastructure to facilitate
* integrated access to multi-level biomedical data;

= The development or re-use of open source analytical tools, accompanied with the
appropriate meta-data allowing their discovery and orchestration into complex
workflows.

ACGT brings together internationally recognised leaders in their respective fields, with the
aim to deliver to the cancer research community an integrated clinicogenomic ICT
environment enabled by a powerful GRID infrastructure. In achieving this objective ACGT
has formulated a coherent, integrated workplan for the design, development, integration and
validation of all technologically challenging areas of work. Namely:

= Grid: delivery of a European Biomedical Grid infrastructure offering seamless
mediation services for sharing data and data-processing methods and tools, and
advanced security;

» [ntegration: semantic, ontology based integration of clinical and genomic/proteomic
data - taking into account standard clinical and genomic ontologies and metadata;

» Knowledge Discovery: delivery of data-mining GRID services in order to support and
improve complex knowledge discovery processes;

» Legal and ethical issues: development and integration of technical solutions regarding
data protection and secure personal data management in a European context.

Grid-Enabled
Client

Analytical
Services

Grid Data Service

Grid Data
Services

Grid Data Service

B @F

Grid Portal

Grid Data Service

Grid Data
Service

Analytical Services

e

Figure 1: The ACGT Virtual Organizations

The technological platform of ACGT will be validated in concrete setting of advanced clinical
trials on Cancer. Pilot trials have been selected based on the presence of clear research
objectives, raising the need to integrate data at all levels of the human being.
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1.3  Vision of the Project

Information arising from post-genomics research, and combined genetic and clinical trials on
one hand, and advances from high-performance computing and informatics on the other is
rapidly providing the medical and scientific community with new insights, answers and
capabilities. The breadth and depth of information already available in the research
community at large, present an enormous opportunity for improving our ability to reduce
mortality from cancer, improve therapies and meet the demanding individualization of care
needs.

= A critical set of challenges, however, currently inhibit our capacity to harvest these
opportunities.

Capitalizing on the opportunities apparent to cancer research community requires the
integration and exploitation of data and information generated at all levels (from molecular to
organ and disease to the population) by the disciplines of bioinformatics and medical
informatics, including medical imaging. So, the new raising biomedical informatics (BMI)
technology will be utilised and accordingly enhanced in order to meet the posted needs and
technological challenges.

This, in turn, requires a new synergetic approach that enables a bi-directional collaboration
among these scientific disciplines and integration in terms of data, methods, technologies,
tools and applications. In the new area of “genomic medicine”, designers and analysts of
clinical trials must consider various issues, such as:

» how to design experiments for obtaining coherent and consistent medical and
biological data, while avoiding various types of biases and errors,

» how to develop methods for heterogeneous (e.g., genomic, medical) data source
integration, including the use of ontologies which facilitate mapping and information
retrieval,

» how to develop methods for data selection, checking, cleaning, and pre-processing of
combined genomic/medical data, and

» How to incorporate collaborative approaches to data analysis, since biomedical
statisticians and data miners in genomics and medicine have been following different
methodologies, and dedicated, often proprietary, tools.

In order to address all the previously stated issues, there is an obvious need for an
integrated and high-performing Grid-enabled Clinico-Genomic Environment that will not only
allow the ubiquitous access to computational resources but it will also enhance the cross-
organizational resource sharing. The ultimate objective therefore of the ACGT project is the
development of European Knowledge Grid infrastructure offering high-level tools and
techniques for the distributed mining and extraction of knowledge from data repositories
available on the Grid, leveraging semantic descriptions of components and data and offering
knowledge discovery services in the domain of biomedical informatics. Special emphasis will
be given to the trust that needs to be embedded in the platform and relevant ethical issues,
thus creating optimal conditions for service uptake. Most importantly, such an environment
will facilitate the design, monitoring, and evaluation of clinical trials and experimental
treatment protocols.
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1.4 The ACGT specific objectives

In order to achieve its vision and goals, the project will create and test an infrastructure for

cancer research by using a:

virtual web of trusted and interconnected organizations and individuals to leverage the

combined strengths o

f cancer centers and investigators and enable the sharing of

biomedical cancer-related data and research tools in a way that the common needs of

interdisciplinary resear

ch are met and tackled.

A major part of the project is devoted to research and development in infrastructure

components that eventually
which the selected use ca

will be integrated into a workable demonstration platform upon
ses (the Clinical Pilots) can be demonstrated and evaluated

against user requirements defined at the onset of the project.
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Figure 2: The envisioned ACGT Grid-enabled infrastructure and integrated environment — integration

to be achieved at al

| levels, from the molecular to system and to the population.

In Figure 2 (previous page), an outline schema of the foreseen ACGT infrastructure and

integrated clinico-genomic
molecular to the human and

environment is shown. Integration targets all levels — from
the population. Grid-enabled mediation functionality (realised by

respective services) enable knowledge-enriched, effective and reliable integration.

The principal user service objectives of the ACGT project can be summarized as:

= Secure that the services reflects the identified stakeholder priorities and validate them
in reference to user priorities, i.e. functionality, security and user acceptance.
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= Validate the economic feasibility of sustainability of the platform and elaboration of
alternative exploitation models, bearing in mind the open source-open access
principles on which the project was build.

= Assess the potential usage of the ACGT platform in other domains.

The principal business objectives of the ACGT project can be summarized as:

= Develop suitable business models based on value creation and value nets.

= Contribute to the creation of a “culture” of sharing of biomedical data and tools based
upon common standards and their utilisation in a manner that protects data privacy
and security.

= Build a critical mass for the commercial exploitation of ACGT.

The principal technological objectives of the ACGT project can be summarized as:

= Integration of Clinical Research Centers on Cancer with varying needs and
capabilities in a common network for sharing data, applications, and technologies.

= Development of a useable and scalable biomedical Grid that Clinical Research
Centers on Cancer will actively use for added value clinical trials.

= Development of new open source tools for multilevel, biomedical data analysis and
knowledge discovery as well as adaptation/modification of existing ones so that they
comply with the ACGT integration guidelines and architecture, utilise the advantages
of Grid computing, and enable high-performing data-mining and biomedical
knowledge extraction operations.

= Development of a Master Ontology for Clinical Trials and Cancer
Enable ontology-based implementation of key Clinical Trial Management Modules.

= Utilisation of clinical trial management systems based on standards-based and
components-based clinical trial management systems, integrative cancer research
applications and innovative tools to support (a) ontology-based integration and
sharing of data and biomedical information and (b) advanced data mining and
biomedical knowledge extraction.

= Sharing of biomedical information and data upon common standards and utilisation of
and in a manner that protects data privacy and security.

4

= Fostering common usage of vocabularies, common data elements and the formation
of a unifying architecture for the support of the advanced clinico-genomics clinical
trials of the future.

= Validate the technical performance of the platform to ensure that it fully supports the
identified business needs at acceptable performance.

In achieving these objectives the main technological challenges of the project are:

e Semantic Grid services, enabling large-scale (semantic, structural, and syntactic)
interoperation among biomedical resources and services;

e Master ontology (on Cancer) through semantic modelling of biomedical concepts
using existing ontologies and ontologies developed for the needs of the project;

e Open source bioinformatics tools and other analytical services;

e Semantic annotation and advertisement of biomedical resources, to allow
metadata-based discovery and query of tools, and services;
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e Orchestration of data access and analytical services into complex eScience
workflows for post genomic clinical research and trials on cancer;

e Meta-data descriptions of clinical trials to provide adequate provenance
information for future re-use, comparison, and integration of results;

1.5 Purpose and Structure of this Document

The present deliverable is the D2.1: User Requirements and specifications of the ACGT
internal clinical trial”. State-of-the-art analysis for the ACGT project is the result of part of the
work performed in work tasks T2.1- State-of-the-art Review, T2.2- User Needs and
Requirements Analysis and T2.3 — Scenario based Requirements for ACGT trials. It
represents a major project Milestone (M2).

The purpose of the work done and reported here is to:

<~ develop user scenarios as a methodological approach to gathering and eliciting user
requirements and

< perform a state-of-the-art analysis in all scientific domains relevant to the project.

The results reported in the present deliverable will be input to the following work on
functional, security and trust and societal user requirements specifications.

The purpose of the present state-of-the-art-analysis is to map out existing and future
technologies and methodologies, which will be available for the prototype platform and used
in the validation. Even though future technologies may create opportunities for new services
on the ACGT platform, emphasis has been put on identifying existing technologies, which
can deliver the desired functionality.

The present deliverable is articulated as follows:

Part 1 of the deliverable presents the rational of the project, in a more explicit and detailed
manner, as well as its specific objectives. It elaborates on the adopted requirements
engineering methodology and shortly presents details of the Clinical Studies designed for the
evaluation of the results of the project. It should be observed that the term “studies” rather
than “trials” is used. The reason for this is the fact that although the presented studies are
indeed formal designs of clinical trials they can not be formally implemented through the use
of the ACGT technologies. The reason is that by the time the technologies are ready, there
will not be adequate time to execute a properly designed Clinical Trial. Nevertheless, these
properly designed clinical trials will enable the implementation of studies (i.e. reduced
number of patients enrolled) which will allow the validation of the integrated ACGT
technological environment as a whole as well as validation of its individual building blocks.

With the initial requirements of the project in mind, a large number of data sources, tools,
standards and technology are available for the different aspects of the intended system.
PART 2 of the deliverable provides a detailed state-of-the-art review in all of the scientific
areas relevant to the project.
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2 Adopted methodology for the Engineering of
User Requirements

2.1 Introduction

System engineering is one of the most critical aspects of successful, large-scale, software-
intensive, mission-critical system development, and post-deployment support. It is a process
that commences with the earliest phases of the system lifecycle and continues until the
system is retired from use. System engineering involves a complex series of activities
necessary to:

= Transform an operational need into a description of system performance
parameters and a preferred system configuration using an iterative process of
functional analysis, synthesis, optimization, definition, design, test, and evaluation;

= [ntegrate related technical parameters and assure compatibility of all physical,
functional, and program interfaces in a manner that optimizes the total system
definition and design; and

= [ntegrate performance, reliability, maintainability, manageability, supportability, and
other factors into the total engineering effort.

Regardless of the application domain, engineering large software-intensive systems is a
complex activity that typically involves hundreds, if not thousands, of geographically
distributed engineers representing numerous specialties, e.g., hardware, software, human
factors, mission analysis, sensors, supportability, reliability and maintainability.

The current Chapter of this deliverable aims to explain the process and the methodology
adopted for gathering and eliciting user and system requirements.

2.2  System engineering activities

The system engineer has the critical role--responsibility for transforming user or mission
requirements into a real, cost-effective system. The various activities that compose the
System requirements process according to the IEEE 1471, 2000: IEEE Recommended
Practice for Architectural Description of Software-Intensive Systems is:

= Requirements Engineering.

= System Design and Allocation.

= [nterface Definition and Integration.

= Engineering Decision-Making.

= Change Impact Analysis and Management.

= Integration Planning and Management.

= Quality Engineering and Assurance.

The various Requirements Engineering activities are:
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< User requirements - The requirements for the system as a whole are established
and written to be understandable to all stakeholders.

2 Architectural design - The system is decomposed into sub-systems.

2 Requirements partitioning - Requirements are allocated to these sub-systems. A
critical task in any component-based system or a Service Oriented System
Architecture (also see: International workshop on Service Oriented System
Engineering 2005 - http://asusrl.eas.asu.edu/srlab/activities/sose2005/SOSA )

2 Software requirements engineering - More detailed system requirements are
derived for the system software.

o Sub-system development - The hardware and software sub-systems are
designed and implemented in parallel.

2 System integration - The hardware and software sub-systems are put together to
make up the system.

o System validation - The system is validated against its requirements.

ACGT WP2 & 10

System
requirements
engineering
Architectural
deign

Requirements
partitioning

ACGT WP14 & WP12

System
validation
ACGT WP4-8 & 11

System
integration
Sub-system
development
Software

requirements
engineering

ACGT WP3

>

ACGT WP9:
Provides integration guidelines
and monitors compliance

Figure 3: The decomposition of the various RE tasks in the WPs of the ACGT Workplan

These Requirements Engineering activities and steps are allocated to separate Work
Packages in the ACGT workplan (see Fig. 3), with WP2 - which produces the current
deliverable - been responsible to select, elaborate and document the “initial” requirements for
the system (form the user’s point of view).
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2.3  System requirements engineering

The requirements engineering process is a structured set of activities which lead to the
production of a requirements document. Inputs to the requirements engineering process are
information about existing systems, stakeholder needs, organizational standards, regulations
and domain information. Requirements engineering processes include requirements
elicitation, requirements analysis and negotiation and requirements validation.

Requirements engineering process models are simplified process descriptions which are
presented from a particular perspective. Human, social and organizational factors are
important influences on requirements engineering processes (see: IEEE/ANSI 830-1993
standard).

The goal of requirements engineering is the production of a good requirements specification.
The IEEE Guide to Software Requirements Specifications defines a good software
requirements specification as being:

= unambiguous

= complete

= verifiable

= consistent

= modifiable

= traceable

= usable during operations and maintenance
Recent requirements engineering literature is in agreement on this set of attributes, with the
added property that the requirements should be necessary. The requirements should be

prioritized as well, particularly in novel situations where the order in which the sub goals are
addressed significantly impacts the final solution [POT2001].

Conversely, problems with requirements elicitation inhibit the definition of requirements which
are unambiguous, complete, verifiable, consistent, modifiable, traceable, usable, and
necessary. Some of these problems are looked at in the next section. In subsequent sections
the process sketched out here as “fact-finding, information gathering, and integration” will be
refined to specifically address the problems encountered during requirements elicitation.

2.4  Requirements Elicitation

Rzepka decomposes the requirements engineering process into three activities [RZE1989]:

1. elicit requirements from various individual sources;
2. insure that the needs of all users are consistent and feasible; and
3. validate that the requirements so derived are an accurate reflection of user needs.

This model implies a sequential ordering to the activities, with elicitation done once at the
very beginning of the process. In reality, though, the process is iterative (see figure 4), with
these activities revisited many times:

...the requirements definition activity cannot be defined by a simple progression
through, or relationship between, acquisition, expression, analysis, and
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specification. Requirements evolve at an uneven pace and tend to generate
further requirements from the definition processes.

The construction of the requirements specification is inevitably an iterative
process which is not, in general, self-terminating. Thus, at each iteration it is
necessary to consider whether the current version of the requirements
specification adequately defines the user’s requirement, and, if not, how it must
be changed or expanded further.

Thus, while requirements elicitation consists of the earliest activities in the requirements
engineering process, it can not be divorced from the subsequent activities. Elicitation will
likely iterate with these other activities during requirements development.

Decision point: Informal statement
of requirements

accept document or A
re-enter spiral

and negotiation

Requirements / / g\ \ \ A
greed
document and < \ / / / > requirements

Requirements elicitation Requirements analysis
RT

validation report \ \
T

Requirements validation |_,4/| Requirements documentation

Y

Draft requirements
document

Figure 4: Spiral Model of the RE process

Requirements elicitation itself can be broken down into the activities of fact-finding,
information gathering, and integration. For example, Rzepka further decomposes the
elicitation process as follows [RZE1989]:

1. ldentify the relevant parties which are sources of requirements. The party might be an
end user, an interfacing system, or environmental factors.

2. Gather the “wish list” for each relevant party. This wish list is likely to originally
contain ambiguities, inconsistencies, non-feasible and non-testable requirements.
This original “wish list” may also prove to be incomplete.

3. Document and refine the “wish list” for each relevant party. The wish list includes all
important activities and data, and during this stage it is repeatedly analyzed until it is
self-consistent. The list is typically high level, specific to the relevant problem domain,
and stated in user-specific terms.
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4. Integrate the wish lists across the various relevant parties, henceforth called
viewpoints, thereby resolving the conflicts between the viewpoints. Consistency
checking is an important part of this process. The wish lists, or goals, are also
checked for feasibility.

5. Determine the non-functional requirements, such as performance and reliability
issues, and state these in the requirements document.

These activities are common to most of the process definitions for requirements elicitation
found in the literature. However, the means of achieving these activities and iterating
between them are still not well understood.

The resulting product from the elicitation phase is a subset of the goals from the various
parties which describe a number of possible solutions. The remainder of the requirements
engineering process concerns the validation of this subset to see if it is what the
sponsor/funder and user actually intended. This validation typically includes the creation of
models to foster understanding between the parties involved in requirements development.
The result of a successful requirements engineering process is a requirements specification,
where “the goodness or badness of a specification can be judged only relative to the user’'s
goals and the resources available”.

In general the core Requirements Engineering activities can be grouped into the following
main categories:
< eliciting requirements,
modelling and analyzing requirements,
communicating requirements,

agreeing requirements, and

0O 0 00

evolving requirements.

2.4.1 Specific elicitation techniques

A number of techniques exist and are often used during the requirements elicitation phase of
a project. They include:

* Interviews

= Scenarios

= Soft systems methods

» Prototyping

= Observations and social analysis

= Requirements reuse

The complexity of the domain which is addressed by the ACGT project necessitated that a
spiral process of requirements analysis, elicitation, documentation and validation is adopted.
Specific techniques have also been selected for the elicitation, negotiation and agreement of
requirements as well as their validation. These techniques are scenarios and prototyping.

2.4.1.1 Scenarios

"Scenarios are arguably the starting point for all modelling and design" [THO1992]. They
allow us to take a backward glance. They use a simple, traditional activity — storytelling — to
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provide a vital missing element, namely a view of the whole of a situation. 'A straight-line
sequence of steps taken by independent agents playing system roles' is roughly what most
engineers mean by Scenario. Synonyms include Operational Scenario — itself part of a
Concept of Operations, (Test) Case (of actions or events). A sequence of numbered steps in
the form '<role> does <action>' is a simple and effective way to describe how a result is to be
obtained.

Scenarios are a powerful antidote to the complexity of system development [ROL1998].
Telling stories about systems helps to ensure that project stakeholders share a sufficiently
wide view to avoid missing vital aspects of problems. Scenarios vary from brief stories to
richly-structured analyses, but are almost always based on the idea of a sequence of actions
carried out by intelligent agents. People are very good at reasoning from even quite terse
stories, detecting inconsistencies, omissions, and threats with little effort. These innate
human capabilities give scenarios their power. Scenarios are applicable to systems of all
types, and may be used at any stage of the development life-cycle for different purposes
[SUT2003].

Scenarios are stories which explain how a system might be used. They should usually
include:

= adescription of the system state before entering the scenario;
= the normal flow of events in the scenario;
= exceptions to the normal flow of events;

= information about concurrent activities;

= adescription of the system state at the end of the scenario.
2.4.1.2 Prototypes

A prototype is an initial version of a system which may be used for experimentation.
Prototypes are valuable for requirements elicitation because users can experiment with the
system and point out its strengths and weaknesses. The prototype allows users to
experiment and discover what they really need to support their work, but more importantly
forces a detailed study of the requirements which reveals inconsistencies and omissions.

Rapid development of prototypes is essential so that they are available early in the elicitation
process. Establishes feasibility and usefulness before high development costs are incurred.

Prototypes are also essential for developing the ‘look and feel' of a user interface and they
can be used for system testing and the development of documentation.

A prototype of a proposed system is presented to workers for critical comments. Revisions
are made to the original prototype, producing a second version that is again presented to
users for critical analysis. The process of revising and submitting to users continues until
some criterion for acceptability is reached. [THO1992] advocates the use of rapid prototyping
as a vehicle for allowing technical communicators to become a part of the development
team.

2.4.1.3 Volatility of Requirements

Requirements change. During the time it takes to develop a system the users’ needs may
mature because of increased knowledge brought on by the development activities, or they
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may shift to a new set of needs because of unforeseen organizational or environmental
pressures.

If such changes are not accommodated, the original requirements set will become
incomplete, inconsistent with the new situation, and potentially unusable because they
capture information that has since become obsolete. One primary cause of requirements
volatility is that “user needs evolve over time” [SAG1990]. The requirements engineering
process of elicit, specify, and validate should not be executed only once during system
development, but rather should be returned to so that the requirements can reflect the new
knowledge gained during specification, validation, and subsequent activities. A requirements
engineering methodology should be iterative in nature, “so that solutions can be reworked in
the light of increased knowledge” [SUD2005].

Another cause of requirements volatility is that the requirements are the product of the
contributions of many individuals, and these individuals often have conflicting needs and
goals. For example, there usually is more than one stakeholder, with each one having
different and often contradictory views and interests. Due to political climate and other
factors, the needs of a particular group may be overemphasized in the elicitation of
requirements. Later prioritization of the elicitation communities’ needs may correct this
oversight and result in requirements changes. Both the traceability of requirements and their
consistency may be affected if these changes are frequent and not anticipated.

e

y

Elicitation

Specification &
/ Validation
R ! I i !

Goals Operational Model Functional Model (Under-  Specification
(Context Understanding) standing of Internals)

User-Oriented
System-Oriented

-~

Figure 5: Requirements Engineering as an Iterative Process

Organizational complexity is another cause of requirements volatility. Organizational goals,
policies, structures, and work roles of intended end users all may change during the course
of a system’s development, especially as the number of users affected by a system’s
development increases. An iterative process of requirements development can address the
problems of volatility [SUT2002]:

The fraditional notion of the software development life-cycle with
requirements capture being completed before the design stage is no longer
satisfactory. Requirements capture and design are now seen to be symbiotic.
The initial set of requirements needed to start off the design process is
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gradually refined into a systematic and coherent statement of requirements
hand in hand with the refinement of design.

Due to the problems of understanding and scope, user needs may not be clearly expressed
initially in the requirements, and the developer or requirements analyst may make some
incorrect assumptions based on this ambiguity. With an iterative process (see Fig. 5), those
mistaken assumptions can be detected faster and corrected sooner.
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3 Clinical Trials

3.1 What is clinical research?

Clinical research enables doctors and researchers to find new and better ways to
understand, detect, control and treat iliness. A clinical research study is a way to find
answers to difficult scientific or health questions.

The most commonly performed clinical trials evaluate new drugs, medical devices, biologics,
or other interventions to patients in strictly scientifically controlled settings, and are required
for regulatory authority approval of new therapies. Trials may be designed to assess the
safety and efficacy of an experimental therapy, to assess whether the new intervention is
better than standard therapy, or to compare the efficacy of two standard or marketed
interventions. The trial objectives and design are usually documented in a Clinical trial
protocol.

A protocol is a study plan on which all clinical trials are based. The plan is carefully designed
to safeguard the health of the participants as well as answer specific research questions. A
protocol describes what types of people may participate in the trial; the schedule of tests,
procedures, medications, and dosages; and the length of the study. While in a clinical trial,
participants following a protocol are seen regularly by the research staff to monitor their
health and to determine the safety and effectiveness of their treatment.

3.1.1 Types of Clinical Trials

The study design that provides the most compelling evidence of a causal relationship
between the treatment and the effect is the randomized controlled trial. Studies in
epidemiology such as the cohort study and the case-control study are clinical studies in
that they involve human participants, but provide less compelling evidence than the
randomized controlled trial. The major difference between clinical trials and epidemiological
studies is that, in clinical trials, the investigators manipulate the administration of a new
intervention and measure the effect of that manipulation, whereas epidemiological studies
only observe associations (correlations) between the treatments experienced by participants
and their health status or diseases. These are fundamental distinctions in evidence-based
medicine.

Currently some clinical trials are designed to be randomized, double-blind, and placebo-
controlled. This means that each study subject is randomly assigned to receive one of the
treatments, which might be the placebo. Neither the subjects nor scientists involved in the
study know which study treatment is being administered to any given subject; and, in
particular, none of those involved in the study know which subjects are being administered a
placebo.

While the term clinical trial is most commonly associated with large randomized studies,
many clinical trials are relatively small. They may be "sponsored" by single physicians or a
small group of physicians, and are designed to test simple questions. Other clinical trials
require large numbers of participants followed over long periods of time, and the trial sponsor
is more likely to be a commercial company or a government, or other academic, research
body. It is sometimes necessary to organize multicentric trials. Often the centres taking part
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in such trials are in different countries (in which case they may be termed international
clinical trials).

The number of patients enrolled in the study also has a large bearing on the ability of the trial
to reliably detect an effect of a treatment. This is described as the "power" of the trial. It is
usually expressed as the probability that, if the treatments differ in their effect on the outcome
of interest, the statistical analysis of the trial data will detect that difference. The larger the
sample size or number of participants, the greater the statistical power. However, in
designing a clinical trial, this consideration must be balanced with the greater costs
associated with larger studies. The power of a trial is not a single, unique value; it estimates
the ability of a trial to detect a difference of a particular size (or larger) between the treated
and control groups.

Clinical trials can also be categorized according to the type of sponsor for the ftrial.
Investigator initiated trials have to be distinguished from trials that are sponsored by
pharmaceutical companies. Especially the investigator initiated trails are lacking logistic and
financial support today. They are not commercially funded. Most of these trials are clinical
trials for the optimization of treatments in a clinical setting.

Another differentiation of trials can be done by their primary task. This dividese them into the
following types:

Treatment trials test experimental treatments, new combinations of drugs, or new
approaches to surgery or radiation therapy.

Prevention trials look for better ways to prevent disease in people who have never had the
disease or to prevent a disease from returning. These approaches may include medicines,
vitamins, vaccines, minerals, or lifestyle changes.

Diagnostic trials are conducted to find better tests or procedures for diagnosing a particular
disease or condition.

Screening trials test the best way to detect certain diseases or health conditions.

Quality of Life trials (or Supportive Care trials) explore ways to improve comfort and the
quality of life for individuals with a chronic illness

3.1.2 Phases of clinical trials

Pharmaceutical clinical trials are commonly classified into four phases. The drug-
development process will normally proceed through all four stages over many years. If the
drug successfully passes through the first three phases, it will usually be successfully
approved for use in the general population.

Before pharmaceutical companies start clinical trials on drugs, extensive pre-clinical studies
are conducted.

1. Phasel

Phase | trials are the first-stage of testing in human subjects. Normally a small (20-80)
group of healthy volunteers will be selected. This phase includes trials designed to
assess the safety, (Pharmacovigilance), tolerability, —pharmacokinetics, and
pharmacodynamics of a therapy. These trials are almost always conducted in an
inpatient clinic, where the subject can be observed by full-time medical staff. The subject
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is usually observed until several half-lives of the drug have passed. Phase | trials also
normally include dose-ranging studies so that doses for clinical use can be refined. The
tested range of doses will usually be a small fraction of the dose that causes harm in
animal testing. Phase | trials most often include healthy volunteers, however there are
some circumstances when patients are used, such as with oncology and HIV drug trials.
In Phase | trials of new cancer drugs, for example, patients with advanced (metastatic)
cancer are used. These trials are usually offered to patients who have had other types of
therapy and who have few, if any, other treatment choices.

There are two specific kinds of Phase | trials — Single Ascending Dose (SAD) studies,
and Maximum Tolerated Dose (MAD) studies.

SAD - Single Ascending Dose studies are those in which groups of three or six patients
are given a small dose of the drug and observed for a specific period of time. If they do
not exhibit any adverse side effects, a new group of patients is then given a higher dose.
This is continued until intolerable side effects start showing up, at which point the drug is
said to have reached the Maximum Tolerated Dose (MTD).

MAD - Multiple Ascending Dose studies are conducted to better understand the
pharmacokinetics/pharmacodynamics of the drug. In these studies, a group of patients
receives a low dose of the drug and the dose is subsequently escalated up to a
predetermined level. Samples of blood and other fluids are collected at various time
points and analyzed to understand how the drug is processed within the body.

2. Phasell

Once the initial safety of the therapy has been confirmed in Phase | trials, Phase Il trials
are performed on larger groups (100-300) and are designed to assess clinical efficacy of
the therapy; as well as to continue Phase | assessments in a larger group of volunteers
and patients. The development process for a new drug commonly fails during Phase Il
trials due to the discovery of poor efficacy or toxic effects.

Phase Il studies are sometimes divided into Phase |IA and Phase IIB. Phase IIA is
specifically designed to assess dosing requirements, whereas Phase IIB is specifically
designed to study efficacy.

Some trials combine Phase | and Phase Il into a single trial, monitoring both efficacy and
toxicity.

3. Phasel lll

Phase lll studies are large double-blind randomized controlled trials on large patient
groups (1000-3000 or more) and are aimed at being the definitive assessment of the
efficacy of the new therapy, especially in comparison with currently available alternatives.
Phase lll trials are the most expensive, time-consuming and difficult trials to design and
run; especially in therapies for chronic conditions. Once a drug has proven satisfactory
over Phase Il trials, the trial results are usually combined into a large document
containing a comprehensive description of the methods and results of human and animal
studies, manufacturing procedures, formulation details, and shelf life. This collection of
information makes up the "regulatory submission" that is provided for review to various
regulatory authorities in different countries, such as the European Medicines Agency
(EMEA) for marketing approval.

13/09/2006 Page 36 of 436



ACGT D2.1 - User requirements and specification of the ACGT internal clinical trial

It is also common practice with many drugs whose approval is pending, that certain
phase lll trials will continue in an attempt at "label expansion.” In other words, proving
additional efficacy for uses beyond the original use for which the drug was designed.
While not required in all studies, it is typically expected that there be at least two
successful phase lll trials, proving a drug's safety and efficacy, for approval from the
standard regulatory agencies.

4. Phase IV

Phase IV trials involve the post-launch safety surveillance and ongoing technical support
of a drug. Phase IV studies may be mandated by regulatory authorities or may be
undertaken by the sponsoring company for competitive or other reasons. Post-launch
safety surveillance is designed to detect any rare or long-term adverse effects over a
much larger patient population and timescale than was possible during the initial clinical
trials. Such adverse effects detected by Phase IV trials may result in the withdrawal or
restriction of a drug.

3.2 International Guidelines in Clinical Research Studies and

Trials

The value of clinical trials as the optimum methodology for the testing and evaluation of new
treatments and medicines is well recognised within the research community. Clinical trials
conducted on human participants are designed and conducted according to sound scientific
and ethical standards within the framework of good clinical practice. Compliance with these
standards provides the public with assurance that the rights, safety and well being of trial
participants are protected and that the clinical trial data are credible. Guidelines for clinical
trials should be read in the context of the Declaration of Helsinki, October 2000 and the ICH
Harmonised Tripartite Guidelines for Good Clinical Practice, May 1997.

A European Union (EU) Directive was published in May 2001 — The EU Directive on Clinical
Trials (2001/20/EC) [DIR2001]. The EU clinical trials directive regulates the conduct of
clinical trials involving medicines for human use. The aims of the directive are:

e To protect the rights, safety and well being of trial participants

¢ To simplify and harmonise the administrative provisions governing clinical trials

o To establish a transparent procedure that will harmonise trial conduct in the EU and
ensure the credibility of results.

The directive means that all interventional clinical trials, whether commercially funded or non-
commercial, must meet these requirements. Amongst other things, every trial will need a
sponsor. The EU Directive will have a number of implications for all parties involved in clinical
trials. It enforces a number of new legal obligations for Chief/Principal Investigators and trial
sponsors. In most commercially funded studies, the commercial company takes the role of
‘sponsor’ and is therefore responsible for the conduct of the study. The Directive has
particular implications for studies funded by charities and studies funded by other non-
commercial organisations. The original publication of the EU Clinical Trials Directive
(2001/20/EC) can be downloaded directly from:

http://europa.eu.int/eur-lex/pri/en/oj/dat/2001/I_121/1_12120010501en00340044.pdf

Concerns have been raised about issues in these regulations including:

¢ identifying a trial sponsor
e delays to trial start up
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e responsibilities
¢ levels of monitoring required

3.3 Regulatory Requirements and guidelines

Several more or less mandatory guidelines exist for clinical trials. In the following the most
relevant regulations and guidance/guidelines regarding CDM process will be mentioned.

Although most of the described regulations apply primarily for drug admission, they can also
be seen as guidelines for any trial sponsored by parties other than drug companies. Here we
only want to give a very brief outline, a thorough review can be found in Section 21 - “Ethico-
legal issues related to multicentric, post genomic Clinical Trials” in Part 2 of this document.

3.3.1 ICH — Good Clinical Practice

The International Conference on Harmonization of Technical Requirements for Registration
of Pharmaceuticals for Human Use (ICH) [ICH] was founded by regulatory agencies and
experts from the pharmaceutical industry from Europe, Japan and the United States of
America in 1991. The purpose of this initiative is to harmonize worldwide regulatory
requirements for the registration of new human therapeutics. The aim is to reduce the need
to duplicate the testing carried out during the research and development of new medicines by
recommending ways to achieve greater harmonization in the interpretation and application of
technical guidelines and requirements for product registration. Harmonization would lead to a
more economical use of human, animal and material resources, and the elimination of
unnecessary delay in the global development and availability of new medicines while
maintaining safeguards on quality, safety, and efficacy, and regulatory obligations to protect
public health [CHO2004], [MedDRA].

ICH has published a variety of guidelines that are divided into four major categories; ICH
Topic Codes are assigned according to these categories:

Q: "Quality": related to chemical and pharmaceutical Quality Assurance.
Examples: Q1 Stability Testing, Q3 Impurity Testing

S: “Safety” related to in vitro and in vivo pre-clinical studies.
Examples: S1 Carcinogenicity Testing, S2 Genotoxicity Testing

E: "Efficacy” Topics, related to clinical studies in human subject.
Example: E6 Good Clinical Practices.

M: "Multidisciplinary” related to cross-cutting topics that do not fit uniquely into one of the
above categories.
Examples: M1: Medical Terminology (MedDRA) [MedDRA].

Clinical trials compliant to the ICH guidelines are normally worldwide accepted, because ICH
is a project of the most important regulatory agencies and pharmaceutical companies.

Most of the guidelines summarized under the topic “Efficacy” and two of the guidelines under
the Topic “Multidisciplinary” are related to clinical data management practices. Four of them
will now be described in more detail as these most affect clinical data management.
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ICH Harmonized Tripartite Guideline General Considerations for Clinical Trials (E8)
(ICH 1997)

This document is intended to give an overview of the ICH clinical and safety guidelines for
readers who are unfamiliar with the ICH requirements.

The aim of this guideline is to describe internationally accepted principles and practices in
the conduct of clinical trials and to facilitate the acceptance and evolution of foreign clinical
trial data by promoting a common understanding of general principles, approaches and the
definition of relevant terms

The guideline addresses different aspects related to planning the objectives, design,
conduct, analysis and reporting of clinical trials [ICH], [RON2000].

ICH Harmonized Tripartite Guideline for Good Clinical Practice (E6 (R1)) (ICH 1996)

ICH E6 (R1) Guideline for Good Clinical Practice (ICH GCP) sets forth an international
ethical and scientific quality standard for the conduct of clinical trials that involve the
participation of human subjects. The GCP guideline covers all aspects of preparation,
design, monitoring, recording, reporting and archiving of clinical trials. Copies of this
guideline can be accessed directly from the following link:

http://www.ncehr-cnerh.org/english/gcp/.

The guideline includes an initial glossary of terms with harmonized definitions for terms used
in clinical trials (e.g. adverse event, Case Report Form). These harmonized definitions
should be used in all documents generated during the conduct of a clinical trial. The essential
documents for the conduct of a clinical trial are defined and the responsibilities of the
participating parties are clarified.

The ICH GCP guideline indicates that quality control should be applied to each stage of the
data handling to ensure that all data are reliable and have been processed correctly. Any
changes or corrections to a CRF should be dated, initialed, and explained (if necessary) and
should not obscure the original entry. This applies to both, written or electronic changes or
corrections. An audit trail should be maintained. The ICH GCP guideline suggests that
certain quality control procedures should be employed during data management processing
and the procedures should be available for audit [CHO2004], [ICH], [RON2000].

ICH Harmonized Tripartite Guideline Clinical Safety Data Management: Definitions and
Standards for Expedited Reporting (E2A)

This guideline falls under the broad topic of Clinical Safety Data Management and is
associated with topics E2B, E2C and M1. These guidelines provide standard definitions, an
international medical terminology (via the Medical Dictionary for Drug Regulatory Affairs —
MedDRA) and standard data elements for reporting medical information as well as
timeframes for reporting safety information to regulatory authorities [ICH], [RON2000].

ICH Harmonized Tripartite Guideline Structure and Content of Clinical Study Reports
(E3) (ICH 1995)

This guideline is intended to facilitate the compilation of a single worldwide core clinical study
report acceptable to all regulatory authorities. By developing a report that is complete,
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unambiguous and organized, it is hoped that the review of such reports by regulatory
agencies will be made easier [ICH], [RON2000].

3.3.2 Rules / Guidelines Supporting ICH process

Rules and guidelines that support the ICH concepts but are not formally part of the ICH
process are released from the US Food and drug administration and the European
Commission. They are of interest to Clinical Data Management as they provide specific
instructions to companies seeking compliance with the ICH requirement. The most important
will be described in the following.

Directive of the European Parliament and of the Council of the EU

The first ever EC directive on Clinical Trials was “DIRECTIVE 2001/20/EC“, which was
released in 2001. This directive is officially entitled ,On the approximation of the laws,
regulations and administrative provisions of the Member States relating to the
implementation of good clinical practice in the conduct of clinical trials on medicinal products
for human use” [DIR2001].

2005 it was supplemented by “COMMISSION DIRECTIVE 2005/28/EC” entitled

“Laying down principles and detailed guidelines for good clinical practice as regards
investigational medicinal products for human use, as well as the requirements for
authorization of the manufacturing or importation of such products” [DIR2005].

The purpose of both directives is to harmonize the regulation of clinical trials in Europe since
requirements set down in ICH guidelines are not binding in countries of the European Union.
The directives also aim among other things to make legal the GCP inspections performed by
regulatory authorities in organizations participating at clinical trials. The main statement is
that ICH GCP will have to be followed and all parties conducting trials will now be open to
inspection. The directives reinforce those ethical principles which have been already
harmonized between member states and also propose some new standards.

The main topics of the directive from 2001 are Protection of Trial Subjects, Ethics Committee
Opinion, Commencement of a Clinical Trial, and Conduct of a Clinical Trial

Exchange of Information, Manufacture and Import of Investigational Medicinal, Compliance
with Good Clinical Practice and Notification of Adverse Events (SAE: Severe Adverse
Events) and Adverse Reactions (SUSAR: Suspected Unexpected Severe Adverse
Reactions) [RON2000].

FDA (Food and Drug administration)
The FDA (Food and drug administration) is the US agency for admission of drugs.

The regulations set by the FDA are also important for European studies, because of the
great importance of the US market.

The FDA-derived documents relate to the proposal from the agency to move from paper
regulatory submission to electronic submissions in stages. Since these topics represent
rapidly growing areas, the guidance is updated periodically. The FDA’s goal is to establish an
approach for submitting electronic applications that create minimal work and reduced costs,
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as well as encouraging consistency in information transfer requirements across agency
[FDA], [RON2000].

21 CFR part 11 — Electronic Records, electronic Sighatures

21 CFR part 11 describes the criteria under which the FDA will consider electronic records
and signatures to be generally equivalent to paper records and handwritten signatures. It
applies to any records required by the FDA or submitted to the FDA under agency
regulations.

To reinforce Part 11 compliance, FDA has published a compliance policy guide and in
addition numerous draft guidance documents to assist the sponsor for Part 11 compliance
[FDA], [RON2000].

21 CFR part 312 - Investigational new Drug Application and 21 CFR part 314 —
Applications for Food and Drug Administration Approval to market a new Drug

21 CFR Parts 312 and 314 contain regulations for submitting a new drug application to the
FDA. Both regulations have direct relevance to CDM, especially the handling of CRFs. They
also cover requirements for investigator’'s record-keeping and record retention. They pertain
to the inclusion of CRFs and tabulations in an application [CHO2004], [RON2000].

FDA Guidance for Industry — Computerized Systems Used in Clinical Trials

This guidance provides general principles that are to be followed when computerized
systems are used to create, modify, maintain, archive, retrieve, or transmit clinical data
intended for submission to the agency. The addressed requirements are similar to those
described in 21 Part 11 for electronic records and electronic signatures [FDA], [RON2000].

3.4  Consequences for Clinical trials

Compliance with the above mentioned standards provides public assurance that the rights,
safety and well-being of trial subjects are protected, in a way consistent with the principles
that have their origin in the Declaration of Helsinki, and that the clinical data are credible.

The following principles have to be strictly followed:

1. Clinical trials should be conducted in accordance with the ethical principles that have
their origin in the Declaration of Helsinki, and that are consistent with GCP and the
applicable regulatory requirements

2. Before a ftrial is initiated, foreseeable risks and inconveniences should be weighed
against the anticipated benefit for the individual trial subject and society. A trial should
be initiated and conducted only if the anticipated benefits justify the risks

3. The rights, safety, and well-being of the trial subjects are the most important
considerations and should prevail over the interests of science and society

4. The available non-clinical and clinical information on an investigational product should
be adequate to support the proposed clinical trial

5. Clinical trials should be scientifically sound, and described in a clear, detailed protocol

6. A trial should be conducted in compliance with the protocol that has received prior
ethics committee approval
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7. The medical care given to, and medical decisions made on behalf of subjects should
be the responsibility of a qualified physician

8. Each individual involved in conducting a trial should be qualified by education,
training and expertise to perform his or her respective tasks

9. Freely given informed consent should be obtained from every ftrial participant prior to
clinical trial participation

10. All clinical trial information should be recorded, handled, and stored in a way that
allows its accurate reporting, interpretation and verification

11. The confidentiality of records that could identify subjects should be protected,
respecting the privacy and confidentiality rules in accordance with the applicable
regulatory requirements.

There is a variation between different countries in Europe in interpretation of the directive
and the common problems encountered by established academic (non-commercial) trial
groups in maintaining and opening new multinational clinical trials for cancer.

The practical application of these principles requires that clinical trials have distinct
components built into them. These include:

1. Relevant and appropriate study rationale

A study rationale and motivation which does not ask relevant and important questions
is unethical. Whilst maintaining the highest standards of clinical research it is
important that clinical trials are based on priority research questions. Relevant and
important questions should be problems that significantly affect local and regional
population. Study rationale should demonstrate that the study question has not been
substantially answered and that adequate systematic review of the subject under
discussion was done.

2. Optimal study design
Appropriate designs are critical in contributing to answering scientific questions. The
design must therefore demonstrate a high probability for providing answers to specific
research questions. Adequate supporting information and explanation on the study
sample size and study population must also be provided.

3. Investigator competence
The investigator's competence is assessed by two major parameters: Technical and
humanistic. Technical competence which includes research competence is assessed
by education, knowledge, certification and experience. Humanistic parameters
require compassion and empathy. This is provided by a proper clinical and research
environment.

4. Balance of risks and benefits for participants
A risk benefit analysis of the study should precede the conduct of the research itself.
Risk-benefit analysis should take full cognisance of benefits and harms beyond the
life of the study itself, particularly in the case of chronic life threatening conditions.
Alternative ways of providing benefits to the patients might be available without
research; thus the distinction between the probability of harm and the possible
benefits of the effects must be made.

5. Transparency
A clinical trial in the European Community can only obtain approval, if the trial
information is registered in the EudraCT database (see 2.3.3.1). The database will
serve to promote transparency to prevent unnecessary trials.
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3.5

3.5.1

Patient privacy
The patient’s privacy, data protection and security are essential tasks in clinical trials.
In ACGT Workpackages 10 and 11 are dealing with these issues.

Ethics
In respect to ethics clinical trials have to pass ethical committees and regulatory or
legal authorities. In ongoing trials data and safety monitoring committees are
included.
o Ethical Committees. They are usually made up of lawyers, medical
practitioners, bio-ethicists and community representatives
e Data and Safety Monitoring Committees (DSMC). These committees oversee
ongoing clinical trials with respect to treatment, efficacy and safety. In the
advent of clear evidence of efficacy or harm, prior to the end of the ftrial,
premature termination can be recommended on ethical grounds
e The Regulatory Authority which is responsible for reviewing the study design

Impartial oversight of consent procedures

Informed consent is a necessary but not sufficient requirement for ethical conduct.
Obtaining informed consent implies the provision of information to potential
participants regarding the nature of the research procedure, scientific purpose and
alternatives to study participation. Participants’ comprehension is addressed by laying
out this information in a clear and simple style, including the use of the participant’s
language. The conditions under which the consent is granted must be free of
coercion, undue influence or incentives. Treatment for a given condition, which might
be an attribute of the clinical trial design, should not be denied by the refusal to
participate. Withdrawal from the clinical trial at any time will not result in undue clinical
penalties to the participant.

Safety monitoring
Safety monitoring of participants during and for defined periods after a clinical trial is

an ethical requirement. This involves the prompt reporting of serious adverse events
and the appropriate management of such an event. (SAE, SUSAR, see 2.3.4.2)

Current Status of clinical research by trial group and country

Questionnaire about implementation of the EU CTD

A brief questionnaire about implementation of the EU CTD and its impact on newly opening
paediatric trials was carried out by Kathy Pritchard-Jones, UK (personal communication,
2006 [PRI2006]). The questionnaire was distributed to:

Chief Investigators of major European Clinical Trials
National childhood cancer societies of each European Country, or
Senior paediatric oncologist to represent national activity, if no group

An aim of the questionnaire was to survey the practical solutions found and the on-going
problems in each of the following areas:

Sponsorship

Definition of clinical trial
Insurance/indemnity
Pharmacovigilance
Time to open trials
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e  Other comments

Responses had been received from the maijority of countries and some international clinical
trial groups. Some findings are summarised in the following tables

2 Have you found a national solution to sponsorship of nhon-commercial trials?

Scope of Nature of solution Countries
solution

YES, NHS hospitals linked to UKCCSG & leukaemia trials UK
Generic

National Association of Paediatric Oncology (AIEOP) ltaly
— national law allows scientific society to sponsor not
for profit, non-commercial trials

NOT University or Cancer centre employing chief France
REALLY, investigator has accepted sponsor role
Trial-
specific Variation in willingness to accept this role Germany, Czech Republic,
Lithuania
Investigator-led Denmark, Spain, Finland,
Austria, Norway
NO solution No solution Belgium
yet Not yet required for new member states Romania
identified Not yet solved Turkey
Application in process Lithuania, Hungary

> Does your country require a single EU sponsor and how does it deal with the issue of
responsibility across national boundaries?

Country Comments

Hungary, Yes

Czech

Republic,

Austria,

Belgium EORTC trials provide sponsorship

Denmark ?Yes Communications between Cl in Denmark and Danish Medicines Agency
require authorisation letter from main sponsor

Norway Yes Communications between Cl in Norway and Norwegian authorities require
authorisation letter from main sponsor

Germany Yes Letter to German Chancellor

Lithuania Yes Responsible person authorised by sponsor can operate in Lithuania

France, No

Ireland, Italy,

Spain, Finland,

United

Kingdom,

Romania

Turkey N/A  Not yet relevant
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S Does the EU CTD apply in your country to ‘diagnostic’ trials where the ‘intervention’ is to
test a risk stratification based on a biological or imaging tests for their association with
response and outcome?

Country Comments

Czech Republic Uncertain

Denmark, Norway  No

France If trial has ‘standard arm’ that = best accepted practice over many years and no
stopping rule and not in randomised comparison, then falls outside definition of
clinical trial but requires separate protocol/recommendation

Germany Yes, only epidemiological studies excluded

Italy Unsure, lack of clarity of what is ‘non-interventional’

Romania ?

Turkey Diagnostic trials do not require sponsor, just ethical approval and consent

United Kingdom, Yes
Finland, Spain,
Belgium, Austria

Sponsorship remains a major issue for the majority of countries where there is still no
national solution to sponsorship requirements for academic clinical trials. Sponsorship tends
to be provided by the academic institution of the lead investigator. The issue of the need for
a pan-European sponsor is particularly problematic for Belgium, where the regulatory
authorities do not recognise the existence in law of a “national sponsor” who can assume
delegated sponsor responsibilities. In the Scandinavian countries, sponsor responsibilities
can be delegated to a national representative, but the latter has to have written permission
from the sponsor in order for them to communicate trial issues to their national regulatory
authorities. Encouragingly several countries have found a “workable” solution in this area,
even though there is still lack of clarity about the need for and definition of a ‘single European
sponsor’.

Regarding the definition of a clinical trial, most countries have not succeeded in having any
other than epidemiological studies escape the EU CTD. France has found a novel solution to
reduce the administrative workload of opening the new European rhabdomyosarcoma
protocol, EpSSG RMS 2005. They have split this into two protocols, one of which describes
the use of IVA chemotherapy for rhabdomyosarcoma, which is accepted standard practice.
As such, any patients following these arms would not be considered to be in a clinical trial
and therefore would not require reporting of adverse events etc.

Indemnity Insurance Issues

There continues to be large variations in the requirement for ‘no fault’ insurance and
unaffordable variations in premiums. Several countries have made progress in this area.
The German Cancer Society has been involved in definition of ten risk levels with a simplified
and much more affordable insurance level. The Italian Parliament has legislated in
December 2005 that academic trials do not require ‘no fault’ insurance or indeed any form of
insurance over and above that which is supplied by normal hospital indemnity.
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Ethical Approval

Although the EU CTD requires a single ethical approval for clinical trials with defined
timelines, there continues to be some variation in how this is interpreted. In many countries,
although there is notionally a single national ethical approval process, the requirement for
local ethical committees to decide whether or not a trial can be run in a particular institution,
is still causing additional bureaucracy and delays. Most regulatory authorities are complying
with the timelines of a 60-day turnaround for approval. The majority of delays are appearing
due to the overall burden of bureaucracy. Time to open new studies since May 2004 has
ranged from 3 months for a new drug trial that could be fast-tracked in France to several
months to years for the majority and an answer of “indefinite” from the Belgians due to their
current sponsorship difficulties.

3.6 References

Workflow Management Coalition, http://www.wfmc.org/

[WFMC]

[RAN2003] Rang HP, Dale MM, Ritter JM, Moore PK (2003). Pharmacology 5 ed. Edinburgh:
Churchill Livingstone. ISBN 0-443-07145-4

[FIN1999] Finn R, (1999). "Cancer Clinical Trials: Experimental Treatments and How They Can
Help You." Sebastopol: O'Reilly & Associates. ISBN 1-56592-566-1

[CDISC] Clinical Data Interchange Standards Consortium. http://www.cdisc.org, last accessed:
24.04.06

[CHO2004] Chow S, Liu P (2004). Design and Analysis of Clinical Trials. Second Edition,
JohnWiley & Sons, Hoboken, New Jersey.

[DIR2001] DIRECTIVE 2001/20/EC OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL (2001). http://eudract.emea.eu.int/docs/Dir2001-20_en.pdf. last accessed:
24.04.2006

[DIR2005] COMMISSION DIRECTIVE 2005/28/EC (2005).
http://pharmacos.eudra.org/F2/eudralex/vol-1/DIR_2005_28/DIR_2005 28 EN.pdf. last
accessed: 24.04.2006

[FDA] FDA Food and Drug Administration. http://www.fda.gov/. last accessed: 24.04.2006

[ICH] ICH International Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use. www.ich.org. last accessed:
24.04.2006

[KUS2003] Kush R (2003). The world of Standards for Clinical Research,
http://www.touchbriefings.com/pdf/16/Kush.pdf, last accessed: 24.04.2006

[MedDRA] MedDRA and the MSSO. http://www.meddramsso.com/MSSOWeb/index.htm,
last accessed: 24.04.2006

[RON2000] Rondel R, Varley S, Webb C (2000). Clinical Data Management. 2. Aufl, John Wiley &
Sons, Chichester.

[WEB2004] Weber, Ralf (2004). Terminologiebasierte Erstellung von rechnerunterstiitzten
Dokumentationssystemen in klinischen Studien; Dissertation Medizinische Fakultat

13/09/2006 Page 46 of 436



ACGT D2.1 - User requirements and specification of the ACGT internal clinical trial
Heidelberg.

[GAL2005] Galea-Lauri, Joanna; Forster, Louise (2005). An overall Guide to Interventional
Clinical Trials of Medicinal Products for Researchers at ICH/GOSH [GOSH
ICH/05/S03/02 (Revised 18th March 2005)]. Approved by: Professor David Goldblatt
(Clinical Director, Research and Development)
http://www.ich.ucl.ac.uk/ich/r&d/ctquidelines.pdf, last accessed: 21.04.2006

[PRI2006] Pritchard-Jones, Kathy (2006). A brief questionaire about the implementation of the
EU CTD and its impact on newly opening paediatric trials, personal communication.

13/09/2006 Page 47 of 436



ACGT D2.1 - User requirements and specification of the ACGT internal clinical trial

4 The ACGT Clinical Studies

This section provides a short description of the Clinical Studies (Trials) that have been
selected for demonstrating the ACGT infrastructure. Please refer to WP12 and D12.1 fro a
detailed description of the studies, their rational and objectives, and other details.

4.1 The ACGT — TOP Study on Breast Cancer

4.1.1 Breast Cancer

Breast cancer is the commonest cancer in women in the world, in both industrialized and
developing countries. Over a million women will be diagnosed with breast cancer worldwide
in 2004". More than 40,000 women will die this year of metastatic breast cancer in the United
States alone and more than 200,000 new cases of cancer will be detected®. The mortality
rate around the world, especially in developing countries, is much higher, making breast
cancer a significant public health problem.

Much progress has been made over the past decades in our understanding of the
epidemiology, clinical course and basic biology of breast cancer. Identified risk factors
include:

o Family history (genetics). ldentified gene mutations represent a tiny fraction of all
breast cancers, much less than 10% overall. But if present, they confer considerable
life-time risk compared to the general population.

e Reproductive and hormonal life, e.g., early menarche, no pregnancy or late age at
first birth, late menopause, hormonal factors such as high levels of free oestrogen,
long-term use of oral contraceptives or menopausal hormone replacement, or other
factors that increase life-time exposure to oestrogen.

o Lifestyle, particularly diet and exposures to carcinogenic agents.

Breast cancer is both genetically and histopathologically heterogeneous, and the
mechanisms underling breast cancer development remains largely unknown. The genetic
background of patients and the tumour’s genetic and epigenetic anomalies create, in
combination, molecularly distinct subtypes arising from distinct cell types within the
ductal epithelium. This genetic complexity underlies the clinical heterogeneity of breast
cancer limiting a rational selection of treatment tailored to individual patient/tumour
characteristics, thus breast cancer patients diagnosed with the same stage of disease often
have remarkably different responses to therapy and overall outcome.

However, risk stratification based on these guidelines is far from perfect, and much progress
is needed to identify those patients who really need adjuvant systemic therapy. Several
independent groups have conducted comprehensive gene expression profiling studies with
the hope of improving upon traditional prognostic markers used in the clinic.

! pisani P., Bray F, Parkin DM. Estimates of the worldwide prevalence of cancer for 25 sites in the adult
population. Int J Cancer 2002;97:72-81

2 Jemal A, Murray T, Samules A, et al. Cancer Statistics,2003. Cancer J Clin 2003;53:5-26
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In current clinical practice, the majority of patients with early breast cancer will receive some
form of systemic adjuvant therapy (chemo- and/or endocrine therapy). Clinical parameters,
such as lymph node status, tumor size and histological grade can provide prognostic
information, and are summarized in clinical guidelines, such as the National Institutes of
Health (NIH) or the St Gallen consensus criteria, in order to assist clinicians and patients in
adjuvant therapy decision-making. The analysis of additional single molecular markers can
also contribute to the therapeutic decision making. Although all of these factors have been
correlated to patients’ survival in general, the same prognostic profile often results in
dissimilar clinical outcomes in individual patients.

Thus, conventional prognostic factors provide insufficient information to evaluate the
heterogeneity of this disease and to make treatment more effective for individual patients.
One problem faced by present cancer therapy is the over-treatment of patients with
chemotherapy, which is associated with severe toxicity and increasing healthcare
spending without clear survival benefit over untreated controls. Because of the lack of
adequate predictive markers, nearly all patients receive routinely standard treatment in
spite of grim changes of deriving any benefit. Therefore, the identification of molecular
markers predictive of patients’ responsiveness to treatment is becoming a central focus
of translational research.

4.1.2 Objectives of the ACGT-TOP study

Although breast cancer mortality has declined in the last two decades, breast cancer
continues to represent a major threat to the lives and productivity of women. The number of
effective treatments for breast cancer rise; however, the benefit from specific treatments to
individual patients and the adverse events they experience vary considerably. Efficacy and
safety of anticancer therapies may depend on tumour, treatment, and host characteristics.

Small variants in the germline DNA sequence (genotype) may lead to different expression of
the encoded protein or to the expression of altered protein, and thus to a different health
outcome (phenotype). Most genetic variants occur in noncoding regions of the genome, and
although such variants may result in functional consequences, most known variants that are
associated with clinically important functional change are in the exons that code for protein
expression. While the clinical importance of a large number of pharmacogenetic variants is
becoming clearer, the significance of the majority remains speculative while we await larger
trials. Preliminary pharmacogenetic data strongly suggest an important role for the use of
germline genetic information in the individualization of treatment and prevention of breast
cancer. The potential value of these data as individual genotypic predictors may be valuable
or, more likely, patterns of genetic markers analogous to the expression profiles obtained
from tumour tissue may allow more powerful prediction of who will respond best to a specific
treatment or regimen. For the potential of genomic research to be fulfilled, prospective trials
with clinical outcomes as end points will have to include the collection of germline DNA.
Pharmacogenetics may play a significant role in several aspects of breast cancer including
prognosis at the time of diagnosis, response to specific treatments, and likelihood of adverse
events to specific treatments.

Once a decision is made to administer systemic therapy, only a handful of genes or proteins
are used to select specific treatments for breast cancer patients. Early results suggest that
patterns of gene expression determined on primary tumours may predict sensitivity or
resistance to common breast cancer treatments. A central, but often unrecognized goal of
pharmacogenetic research is to use the revolution in genomics to allow the benefit of
treatment and avoidance of toxicity to be made available to all patients, rather than only the
subgroup that can tolerate currently used therapeutic regimens and respond well to them.
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Knowledge of the likelihood of response to treatment and the predictability of side effects
may assist in individualizing treatment for women diagnosed with breast cancer.

DNA Microarrays are a versatile technology that can be used for both patient genotyping and
tumour gene expression profiling. Thus provide a high-throughput screening tool for the
identification of molecular patterns that associate significantly with particular clinical and
pharmacological behaviours.

Identifying “high-risk” patients who clearly need systemic adjuvant therapy is not good
enough: we still do not know which type of therapy will be most efficient for each individual
patient. Identifying markers that can reliably predict response to particular drugs remains a
great challenge. To this end, the neoadjuvant approach is very attractive, as it provides an in
vivo assessment of treatment sensitivity. Several studies have already used a genome-wide
approach to identify gene expression profiles that correlate with chemo- or
hormonosensitivity.

The ACGT TOP study aims to identify biological markers associated with pathological
complete response to anthracycline therapy (epirubicin), one of the most active drugs used in
breast cancer treatment. To this end, the neoadjuvant approach is very attractive, as it
provides an in vivo assessment of treatment sensitivity without affecting adversely survival.
Tumor samples drawn at the time of pre-treatment biopsy will be frozen and used to perform
oligonucleotide based microarrays (Affymetrix). This technique allows the evaluation of
thousands of genes and ultimately provides us with the tumor genetic profile. Homogeneous
genetic profiles (genetic clusters) that might be identified, will be correlated with the efficacy
of single-agent epirubicin. This correlation will allow us to address the secondary end-point
of this study, which is the identification of other genes or eventually a genetic profile playing a
role in the determination of sensitivity to anthracyclines. The study target two patient groups:

4.1.2.1 Early beast cancer

The concept of delivering chemotherapy as primary treatment in early breast cancer patients
is attractive because chemosensitivity of the tumor can be assessed "in vivo" allowing for a
more "tailored" approach in systemic therapy. This treatment strategy can support further
therapy with non-cross resistant agents in cases showing moderate or poor sensitivity to
primary chemotherapy. This latter point is particularly attractive because potentially effective
“salvage treatments”, such as the taxanes, are nowadays available.

Large international phase Il and, more importantly, phase lll trials have demonstrated that
three to four cycles of primary chemotherapy are feasible and do not compromise either the
efficacy of loco-regional treatments (surgery and radiotherapy) or long-term survival.
Moreover, tumor down-staging achieved after primary chemotherapy can lead to breast-
conserving surgery in those patients with large operable tumors, who would otherwise be
candidates for mastectomy. The potential advantages of primary medical therapy, and the
increasing use of adjuvant chemotherapy in node-negative patients, support the design of a
study in which early breast cancer patients will be treated with primary chemotherapy.

The most common and acute dose-limiting hematological toxicity seen with adriamycin and
epirubicin is reversible leucopenia and/or neutropenia, although anemia and
thrombocytopenia can also occur. Non-hematological toxicities include: alopecia, nausea
and vomiting, diarrhea and stomatitis, and cutaneous and hypersensitivity reactions. All
these toxicities are acute, reversible and usually manageable, particularly with the advent of
new anti-emetic drugs. Of greater concern are two possible long-term toxicities, namely
secondary leukemia and cardiotoxicity.
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Supported by "in-vitro" and preliminary "in-vivo" data, this study is designed to test
prospectively the value of topo Il alpha gene amplification and protein overexpression in
predicting the efficacy of anthracyclines. To our knowledge this is the only prospective trial
worldwide which is attempting to prospectively clarify the predictive value of this interesting
biological marker. This study could have important practical implications in the daily clinical
management of early breast cancer patients because, if the trial confirms that topo Il o gene
amplification and/or protein overexpression are associated with high efficacy of
anthracyclines, while topo Il o normal/deleted gene and low protein content are associated
with modest efficacy, an important step forward in the direction of anthracycline "tailoring"
would be accomplished.

The practical advantage of this approach would be to use anthracyclines primarily in patients
who are supposed to derive the largest benefit, thus sparing the long-term anthracycline-
related toxicity (i.e. secondary acute myeloid leukemia, cardiac dysfunction, and
amenorrhea/sterility in case of fertile women) to those patients for whom no significant gain
in antitumor activity is anticipated.

4.1.2.2 Inflammatory and locally advanced breast cancer

Inflammatory breast cancer, perhaps the most aggressive form of breast neoplasia
represents 1 to 3% of newly diagnosed breast malignancies. The entity is diagnosed on
clinical grounds, based on the presence of erythema and edema (peau d’orange) of the skin
of the breast, as well as ridging. Most inflammatory cancers present as diffuse infiltration of
the breast without a well-defined tumor. Dermal lymphatic invasion is present in most
patients, but this feature is not a necessary component of the diagnosis. Most inflammatory
breast cancers are poorly differentiated ductal carcinomas and are ER- and PR- negative.

Locally advanced breast cancer (LABC) encompasses a heterogeneous group of patients
including those with neglected slow growing tumors as well as those with biologically
aggressive disease. Locally advanced breast cancer is a relatively uncommon presentation
in the economically developed world accounting for 5 % of cases in major centers. However,
in medically underserved area and in many countries, LABC represents 30 to 50% of newly
diagnosed breast cancers.

Inflammatory and locally advanced breast carcinomas are both associated with poor
prognosis. With surgery and/or radiotherapy alone, the prognosis in LABC is very poor. This
poor long-term outcome prompted the introduction of primary chemotherapy or
hormonotherapy, with the first reports published in the 70’s. Such a multimodality approach
has led to a significant improvement in LABC outcome. Clinical complete remissions were
reported in 10 to 20% of patients treated in this manner in most clinical trials. However, only
two thirds of the patients with a clinical complete response are found to have a pathologic
complete response. Several authors have demonstrated that the achievement of a pathologic
complete response is an excellent predictor of long-term survival. With standard
anthracycline-based regimens, pathologic complete response rates range from 3.5% to 12%.
The addition of taxanes to anthracyclines in the neo-adjuvant regimen significantly increases
pathologic complete response and improves survival of patients who achieve pathologic
complete response.

Dose intensity can be increased either by dose escalation and/or by reducing the interval
between the cycles. Interest in dose-intensity is based on the observation that, in
experimental models, a given dose kills a certain fraction rather than a certain number of
exponentially growing cancer cells. Results of dose intensification by increasing dose of
chemotherapy (high dose chemotherapy with stem-cell support) have been disappointing in
the adjuvant setting.
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More recently, the dose density hypothesis, which refers to the administration of drugs with a
shortened inter-treatment interval, has been tested. It has been hypothesized that a more
frequent administration of cytotoxic therapy could be a more effective way of minimizing
residual tumor burden than dose escalation.

In LABC, a relatively small trial compared a conventionally dosed neo-adjuvant regimen to a
dose-dense regimen. The study failed to show an improvement in disease free survival
(DFS) with the dose dense combination. However, it is interesting to note that, with a median
follow-up of 5 years, the short dose-dense regimen was as effective as the longer CEF
treatment, with no increased rate of cardiotoxicity or leukemia.

In the present study, we plan to use a dose-dense administration of epirubicin (100 mg/m?/2
weeks). We keep the same drug as for early breast cancer but we use a slightly more
aggressive regimen with a higher dose-density. The feasibility of the administration of
epirubicin 100 mg/m? every two weeks with granulocyte-growth factor support has been
shown in the neoadjuvant, metastatic and adjuvant settings with acceptable toxicity. This
neoadjuvant epirubicin regimen may be completed by adjuvant chemotherapy, such as
taxane-based regimens, since the sequential approach (anthracyclines — taxanes) has been
suggested superior to anthracyclines regimen in LABC.

4.2 The ACGT Paediatric Nephroblastoma Study

4.2.1 Paediatric Nephroblastoma or Wilm'’s tumour

Although rare, Wilms' tumour is the most common primary renal malignancy in children and
is associated with a number of congenital anomalies and documented syndromes.
Appropriate laboratory, radiologic and pathologic investigations are necessary for accurate
diagnosis and subsequent staging; information which is essential to generate a
multidisciplinary treatment plan utilizing surgery, chemotherapy and radiotherapy.

Wilms' tumour was the first solid malignancy in which the value of adjuvant chemotherapy
was established. Multimodality treatment has resulted in a significant improvement in
outcome from approximately 30% in the 1930s to more than 85% in the modern era.
Although the National Wilms' Tumour Study Group in North America and the International
Society of Paediatric Oncology, involving European and other countries, differ philosophically
regarding the merits of preoperative chemotherapy, outcomes of patients treated with either
up-front nephrectomy or preoperative chemotherapy have been excellent.

The results that have been achieved in children with Wilms' tumours support the strong value
of the multidisciplinary team approach to cancer. The goal of current clinical trials is to
reduce therapy for children with low-risk tumours, thereby avoiding acute and long-term
toxicities. Challenges remain in identifying novel molecular, histological and clinical risk
factors for stratification of treatment intensity. This could allow a safe reduction in therapy for
patients known to have an excellent chance of cure with the current therapy, while
identifying, at diagnosis, the minority of children at risk of relapse, who will necessitate more
aggressive treatments.

4.2.2 Rationale and Objectives of the Nephroblastoma study

The ACGT Nephroblastoma clinical study is based on SIOP 2001 study, a continuation of the
philosophy of the former SIOP studies. The basic idea has always been: Collect a lot of
reliable data by working together on an international base and answer questions which can
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be of direct importance for the outcome of the patients. SIOP 2001 is based on the results of
the previous SIOP ftrials and studies as well as on the results of the NWTS protocols and its
specific objectives are:

e To adapt therapy to the known individual risk of the patient and increase survival for
blastemal predominant tumours after preoperative chemotherapy by intensifying therapy
and minimise acute and late toxicity without jeopardising event free survival and survival
by reducing treatment for patients with focal anaplasia, for stage | patients with
intermediate risk tumours, and for stage Il and Il patients with intermediate risk tumours
by randomising doxorubicin.

e To test the treatment hypothesis that doxorubicin is not necessary in patients with
intermediate risk tumours and local stage Il or Ill by a multicentric prospective
randomised trial.

e To prospectively analyse different histological components of nephroblastoma with a
special emphasis on a percentage of blastemal component which might be of prognostic
significance

e To reduce the number of drug administrations, hospital visits and thereby costs in the
preoperative phase

e To collect material for performing biological studies with specific aims and clinical
research scenarios.

Besides the excellent prognosis of children with Wilms tumour there is a well known risk of
unnecessarily administered chemotherapy by treating children preoperatively without
histologically proven diagnosis. This risk could be abolished by finding a specific marker for
Wilms tumour in serum, which is lacking today. Immunogenic tumour-associated antigens
have been reported for a variety of malignant tumours including brain tumours, prostate, lung
and colon cancer. The purpose of the ACGT nephroblastoma study is to find such a marker
by searching for a pathognomonic antigen pattern in patients with Wilms tumour. Serum from
a specific patient will be tested against newly identified Wilms tumour antigens. As a result in
each patient there will be a specific pattern of antigens found. This pattern will be correlated
to the histological subtype of the tumour, the gene expression profiling of the tumour, the
response to chemotherapy and the outcome of the patient. The study is described in further
detail as Scenario S2 in section 6 of this document.

4.3 In Silico Modeling of Tumor Growth

The aim of the third ACGT study is to provide clinicians with a decision support tool able to
simulate within defined reliability limits the response of a solid tumour to therapeutic
interventions based on the individual patient’s data. An intermediate goal of the study would
be to provide researchers with a versatile platform for integrating experimental and clinical
knowledge and performing exploratory experiments in silico.

The In Silico Oncology clinical research will be based on the two other clinical trials
incorporated in ACGT (the expansions of the nephroblastoma SIOP 2001/GPOH and breast
cancer TOP ftrial), and would aim at developing, optimizing, validating and clinically adapting
a computational system, denoted by the specially coined term “Oncosimulator” that would
serve as simulation model of tumour response to chemotherapy. The most critical biological
phenomena (e.g. metabolism, cell cycling, geometrical growth or shrinkage of the tumour,
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cell survival following irradiation or chemotherapeutic treatment, necrosis, apoptosis etc.) will
be thus spatiotemporally simulated using a variety of clinical, radiobiological,
pharmacodynamic, molecular and imaging data.

Furthermore, Virtual Environments designed to represent 3D (and to some degree also 4D)
data and to provide intuitive interactive methods to explore this data will be applied for the
virtual reality visualisation of both medical images and in silico oncology simulation results.
The objective to “involve” the researcher more, and bring her/him closer to her/his data in an
effort to detect patterns and structures using the researcher’s experience, expertise and
cognitive abilities.

These innovative computational platforms definitely do not intend to replace the physicians’
input but to add the possibility to investigate the impact of specific treatment-induced
perturbations over several orders of magnitude — which currently is impossible with
conventional imaging methods alone.

4.4 References
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5 The ACGT Scenarios

51 Introduction

As discussed in Chapter 2, a scenario-based and user-focused methodology has been
adopted for the engineering of user and system requirements in the project. The
methodology is built upon object-oriented methodologies, domain modelling strategies, and
scenario-based techniques to provide an analysis process for mapping user and application
requirements to required services of the ACGT architecture.

Scenario descriptions integrate what and how the user carries out activities, with what
thoughts and experiences accompany that activity. Scenarios facilitate concurrent design
and evaluation by providing a common language. The methodology begins with Domain
Analysis, which forms the foundation for Application/Systems Analysis and System
Implementation. Representative end-users were included as active participants during each
stage of the process and quickly became valued members of the technology team. This
user-centred approach allowed all project team members to fully understand the operating
environment for software and system development.

The methodology ensures that all development activities will be well focused and that
resulting products are designed to meet 'real-world' needs. It is worth mentioning at this point
that the aim of the ACGT infrastructure is to facilitate clinical research and trials. As it is
impossible to give an explicit and complete list of analytical tasks conducted in clinical trials
(new tools and technologies are constantly developed, tools are used in various
combinations defining “meta-tools”, etc...), the present Chapter lists a series of typical
questions and problems to be addressed in the context of the analysis of clinical data. The
explicit minimal list of services needed to achieve the mentioned goals will be iteratively
refined.

A historical examination into the IEEE Standard Glossary of Software Engineering
Terminology reveals an increasing awareness of the iterative nature of requirements
development. In the 1983 glossary, “requirements analysis” is defined as “the process of
studying user needs to arrive at a definition of system requirements” [IEEE 83]. This implies
a one time, up front requirements definition activity. In the 1990 glossary, however, a second
definition has been added for requirements analysis: “the process of studying and refining
system, hardware, or software requirements” [IEEE 90]. This implies retrospective
examinations of requirements with refinement steps, i.e., an iterative requirements
engineering process.

Requirements are not completely known at the start of a system’s development. They cannot
be specified completely up front in one voluminous document, but rather will evolve during
the analysis phases of a project and beyond. The communities involved in the elicitation,
including users, developers, and customers, all learn and grow during the system’s
development and maintenance. This increasing knowledge possessed by the elicitation
communities regarding the system should be utilized to improve the system, rather than
prohibited because the requirements are to remain static.

In enabling this iterative process of capturing and refining user requirements, the
“User Requirements” activity of the project continues for the full duration of the
project. As a result the present document will be updated at regular intervals to
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(a) capture additional user requirements resulting from additional “post-genomic”
scenarios and (b) advances in relevant technologies.

Based on such a methodology several indicative future scenarios have been developed. The
scenarios presented can be separated into two main groups:

(a) user driven scenarios, representing the real needs of the ACGT users as understood
at this point in time and expressed in an adequate level of details

(b) technology driven scenarios which are based exclusively on the “anticipated user
needs” as understood by technology developers based on their experience and
knowledge on the state-of-the art in the domain. These scenarios utilise published
data which allows circumventing possible legal problems in sharing the data collected
(or to be so) in the context of the “actual” ACGT scenarios (TOP, SIOP, etc...). The
number of these technology driven scenarios is currently limited to three but this
number is expected to increase in later revisions of this document.

The following two sub-sections provide a list of the key clinical questions that drive the
creation of post-genomic clinical trials and a corresponding survey of the various categories
of problems typically encountered in the analysis of clinical data, as summarized at various
internal working meeting and as came out from a survey in the ACGT community.

Subsequently, the remaining sections describe the scenarios, providing for each: a reference
to the published work if it exists, a description of the raw data, a survey of the methodology
and of the results. They also provide a more or less ranked wish list of functionalities that
should be made available in the ACGT platform. Finally, possible extensions to the present
list of scenarios such that a broader set of functionalities of the ACGT platform is covered, is
presented

5.1.1 List of key clinical questions

Question 1 (class prediction):
Are there gene expression features that can discriminate/diagnose diseases or
subtypes?

Question 2 (class discovery):
What new disease subclasses are observed using gene expression profiles and what are
the clinical implications?

Question 3:
What are the genotypes that correlate to the responsiveness to therapy?

Question 4:
Are gene expression profiles due to chromosomal alterations or to regulatory states?

Question 5:
Can we define new diagnostic and classification entities that combine gene expression
profiles and prior molecular biology knowledge?

Question 6:
What are the molecular pathways or developmental states that are associated to the
disease?

Question 7:
How do results compare with previously published findings?
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= Question 8:

Are there gene expression features that correlate with the stage of disease including
lymph node involvement and metastasis?

= Question 8:

Are there gene expression features that predict side effects of chemotherapy or
irradiation?

5.1.2 List of generic scenarios

Based on the State of the Art review done a number of scenarios, relevant to clinical trial
research on cancer and the need to integrate and analyze multilevel biomedical data have
been identified. Such scenarios are:

S Gene expression molecular signatures

Identify from global gene expression the minimum set of genes whose expression
levels, also referred to as molecular signatures, associates with significance to a
particular trait (clinical or phenotypic).

< Molecular classification of tumours

Use global gene expression of a set of tumour specimens in order to identify new
subclasses of tumours. Once this is accomplished, define a procedure that allows
classification of new biological specimens.

2 Co-visualize gene expression levels with chromosomal mutation maps

Combine information from global gene expression analysis and global copy analysis
into a map depicting over- and under-expression as well as gene deletions and
amplifications in order to explain variations in gene expression.

2 Molecular pathways as meta-analysis descriptors of disease states and
subclasses

Use information about known molecular pathways in order to visualize gene expression
data. Identify parameters characteristic of molecular pathways that correlate with
clinical behaviour or disease subclass.

5.2 Scenario SC1: A Complex Query Scenario for the TOP Trial

5.2.1 Background

In the TOP trial, women with early stage estrogen receptor negative BC receive four cycles
of preoperative epirubicin and four cycles of postoperative docetaxel. The biologic hypothesis
to be tested is that estrogen receptor negative tumours with topoisomerasell
amplification/overexpression will have a superior response rate to epirubicin. It is hoped from
this trial that a molecular signature predicting response or resistance to epirubicin will be able
to be established® (see figure below).

% Sherene Loi, Marc Buyse, Christos Sotiriou and Fatima Cardoso. (2004). Challenges in breast cancer clinical trial design in the
postgenomic era. Current Opinion in Oncology 16:536-541.
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Breast Cancers
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Figure 6: TOP clinico-genomic; hypothesis: topoisomerase lla_ amplified/overexpressing tumors
respond better to anthracyclines (+ identify a molecular signature of anthracycline
response/resistance).

5.2.2 Scope and Goals

A researcher involved in the TOP ftrial tests a hypothesis to explain behavior of non-
responders patients who were withdrawn from the trial.

5.2.3 Workflow

In implementing such a scientific analysis a typical user needs to do the following:

1. Data Access. Identify the TOP trial patient cases from the UoC (UoC Hospital, Crete)
and JBI (Jules Bordet Institute, Belgium) ACGT sites that meet the following clinico-
genomic/genetic criteria:

(i) inflammatory breast cancer that show less than 50% tumor regression, and received
less than 1 Epirubicine cycle due to serious adverse event allergy. This implies
access to and retrieval of data from the respective Clinical Information Systems
in the Cretan and JBI sites; and

(i) chromosomal amplification in region 11q, excluding those who show polymorphisms
in the specific glucuronidating enzyme of epirubicin UGT2B7. This implies access
to and retrieval of data from the respective Genetic Information Systems in the
corresponding sites.

2. Data Access. Get the pre-operative and post-operative gene expression (microarray)
data for the retrieved (from steps 1.i, ii) patient cases. This implies access to and
retrieval of data from the respective Genomic/Microarray Information Systems in the
Cretan and JBI sites, e.g., BASE-like / MIAME compliant microarray information systems.

Technology support for steps 1. and 2. MEDIATION service (or, set of services) (a)
ACGT [breast] cancer-ontology; (b) Ontology-based Query formation]; (c) Ontology-
based/supported Meta-data used to describe respective patient-related data sources
(i.e., information systems); (d) Clinico-genomic/genetic information systems’ wrappers;
(e) Query decomposition (i.e., to retrieve data from multiple, distributed and
heterogeneous clinico-genomic/genetic data sources) and formation of the respective
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(low-level) SQL query structures; and (f) Grid-enabled access to distributed data
sources.

3. Data Pre-processing

(i) Identify common ORFs/Genes used by the respective microarray specific
experiments and filter-out genes that are not in common. This implies utilization of
gene converter services based on standard genomic nomenclatures and public data
banks, e.g., HUGO, Genbank, Ensembl, etc.

(i) Normalization of the remaining (after completion of step 2.i) gene-expression data.
This implies use of gene expression normalization/transformation tools/services.

4. Data Analysis

Compare pre-operative and post-operative gene-expression data and identify the most
discriminatory genes. This implies utilization of data-mining tools and services for
gene/feature-selection, classification and/or clustering — and respective visualization
tools.

Technology support for steps 3. and 4. Data analysis/mining services (a) discover
appropriate Grid-enabled tools/services for feature-selection, classification, clustering
and visualization; (b) select appropriate tools, invoke them and orchestrate them into
an analysis workflow.

5. Genomic Annotation Services

(i) Obtain functional annotation for the identified most-discriminatory genes. This
implies access to and utilization of public nomenclatures, ontologies; and

(i) Ildentify those genes expressed in B-lymphocytes. This implies access to reliable
and authenticated public gene-expression databases.

Technology support step 5. (a) Access to external public genomic databanks and
formation of respective cancer-ontology compliant queries [the respective public data
based could be accessed from their original site or, could be downloaded and
maintained within the ACGT environment in respective sites]; (b) Grid-enabled access
and retrieval of public genomic/genetic databases. Algorithms, tools, components for
feature-selection, classification and clustering, as well as visualization components; (c)
It might be of use to enable (ontology-based) annotation of results.

6. Identification of Molecular pathways. Map the identified genes into regulatory
pathways and find potential molecular paths in these pathways. This implies access to

public molecular pathways (regulatory and/or metabolic), e.g., KEGG, CyC pathways,
etc.

Technology support step 6. (a) Access to external molecular pathways; (b) Grid-
enabled graph-based, constraint-satisfaction or other techniques for reasoning with
molecular pathways (e.g., for the identification of operating / non-operating paths); (c)
(ontology/semantic-based) annotation and representation (XML) of results.

7. Biomedical Literature Search/Mining Get the literature related to kinases present in
specified pathways. This implies discovery, and invocation of appropriate text-mining
tools/services.
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Technology support step 7. (a) Discovery of appropriate services for access to
biomedical literature information sources; (b ) selection of an appropriate one and its
invocation (c) (ontology/semantic-based) annotation and representation of results.

8. Reporting. Form and fill-in a standard reporting form for all the performed steps.

Technology support step 7. (@) ACGT cancer and clinical-trials ontology for
annotating results and sections of the reports and (b) appropriate end user annotation
tools.

5.3  Scenario SC2: Identification of nephroblastoma antigens

5.3.1 Background - abstract from an article of a similar scenario

Reference: Nicole Comtesse, Andrea Zippel, Sascha Walle, Dominik Monz, Christina
Backes, Ulrike Fischer, Jens Mayer, Nicole Ludwig, Andreas Hildebrandt, Andreas Keller,
Wolf-Ingo Steudel, Hans-Peter Lenhof, Eckart Meese: Complex humoral immune response
against a benign tumour: Frequent antibody response against specific antigens as diagnostic
targets. PNAS 102:9601-9606, 2005

There are numerous studies on the immune response against malignant human tumours.
This study was aimed to address the complexity and specificity of humoral immune response
against a benign human tumour. We assembled a panel of 62 meningiomaexpressed
antigens that show reactivity with serum antibodies of meningioma patients, including 41
previously uncharacterized antigens by screening of a fetal brain expression library. We
tested the panel for reactivity with 48 sera, including sera of patients with common-type,
atypical, and anaplastic meningioma, respectively. Meningioma sera detected an average of
14.6 antigens per serum and normal sera an average of 7.8 antigens per serum (P _
0.0001). We found a decline of seroreactivity with malignancy with a statistical significant
difference between common-type and anaplastic meningioma (P<0.05). We detected 17
antigens exclusively with patient sera, including 12 sera that were reactive against
KIAA1344, 9 against natural killer tumour recognition (NKTR), and 7 against SRY (sex
determining region Y)-box2 (SOX2). More than 80% of meningioma patients had antibodies
against at least one of the antigens KIAA1344, SC65, SOX2, and C6orf153. Our results
show a highly complex but specific humoral immune response against a benign tumour with
a distinct serum reactivity pattern and a decline of complexity with malignancy. The frequent
antibody response against specific antigens offers new diagnostic and therapeutic targets for
meningioma. We developed a statistical learning method to differentiate sera of meningioma
patients from sera of healthy donors.

5.3.2 Scenario description

Wilms tumour is the most common renal tumour in children. Regardless of the efforts in the
last 25 years, in the SIOP ftrials the diagnosis is done by imaging studies alone before
starting a preoperative chemotherapy. A definitive diagnosis is available after histological
proof after surgery of the tumour. As a disadvantage 1 % of children receive a chemotherapy
having benign disease. In this respect, this scenario is highly important for helping to assure
the correct diagnosis before starting any kind of treatment.

Immunogenic tumour-associated antigens have been reported for a variety of malignant
tumours including brain tumours, prostate, lung and colon cancer. In a first step,
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immunogenic Wilms tumour associated antigens will be identified by immunoscreening of a
cDNA expression library. Five sera in total from Wilms tumour patients of all three risk groups
will be combined and diluted to a final concentration of 1:1000. Antigen-antibody complexes
are detected with horeseraddish-conjugated anti-human IgG antibody, followed by
chemiluminescent detection with ECFTM. This first step will identify those antigens that show
reactivity against serum antibodies of patients with Wilms tumour and not with healthy
individuals. Only those antigens that react with this pooled serum and not healthy serum
(newly identified Wilms tumour antigens); will be used in the following experiments. In step
two, serum from a specific patient will be tested against these newly identified Wilms tumour
antigens.

As a result in each patient there will be a specific pattern of antigens found, found by the
reaction between tumour associated antigen and serum antibody measured by
chemiluminescent detection. This specific pattern (different antigens) will be used as a result
of the experiment. This pattern will be correlated to the histological subtype of the tumour,
the gene expression profiling of the tumour, the response to chemotherapy and the outcome
of the patient. As control we will include sera of healthy donors of different age groups and
sera of patients with other tumours, like neuroblastoma, that play a role in differential
diagnosis.

recombinant expression of human
proteins (gene bank) in bacteria

(}g Prr——

O

proteins will be bound to a membrane
and treated with serum of patients

S

detection of human antibodises (1g5)
[enzyme linked colour based reaction)

D
v = 35,

- >
i

£
sequencing of positive clones

|

identification of antigens

Figure 7: Schematic description of SEREX method

5.3.3 Goals

The pattern of the identified antigens will contribute to answering key questions about the
humoral immune response in Wilms tumour patients:

e Are Wilms tumours associated with frequent antibody response?
e Is there a complex and/or specific antibody response?

e Is this response associated with specific genetic features like gene amplifications or
DNA losses?
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o Do these immunogenic antigens share common features like specific sequence
motives?

o Does the seroreactivity pattern allow early identification of Wilms tumours and also
their histological subtypes?

o Does the seroreactivity pattern represent a prognostic marker for Wilms tumours in
respect to chemotherapeutic response and / or outcome?
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Figure 8: Schematic description of the scenario
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5.3.4 Data required

For the implementation of this user scenario several types of data are required. Namely, a
Clinical data, proteomic data (SEREX), microarray-data (GMS 417 arrayer [MWG Biotech,
Ebersberg, Germany]). Extra data are used from Web-databases.

5.3.5 Description of available data

Clinical data: Clinical database of the SIOP 2001/GPOH

Proteomics data: Excel sheet (see following table)

vz 5 8§ § § & 3
= o (=] (=] (=] (=] o
Data Pool of Antigens E g £ -t =2® =Y 5 = =
S 5 @ © 5 <
Patient 1 1 + - - + + +
Patient 1 2 + + - - - +
Patient 1 3 + - + + + +
Patient 1 4 + + - - - -
Patient 2 1 - + - + + -
Patient 2 2 + + - - + B
Patient 2 3 - - + + + +
Patient 2 4 + + - + - -
Patient n 1 - - + - + +
Patient n 2 - + + - +
Patient n 3 + + + + + -
Patient n 4 - + - - + +
* timepoint 1: at diagnosis, without treatment

timepoint 2: after preoperative chemotherapy, before surgery (not available in primarily operated patients)

timepoint 3: after surgery

timepoint 4: at the end of treatment

Microarray data: MIAMExpress (http://www.ebi.ac.uk/miamexpress).

Data available from websites: (see following table)

Information on chromosomal localization, protein

National Center for

www.ncbi.nlm.nih.gov

function, and sub cellular localization has to be Biotechnology
retrieved from Information
GeneCards http://www.genecards.org/index.shtml
EBI http://www.ebi.ac.uk/
Swiss Prot http://www.ebi.ac.uk/swissprot/access.html
Information on pathways has to be retrieved from KEGG PATHWAY http://www.genome.jp/kegg/pathway.html
database

Information on pathways has to be retrieved from

Biocarta database

http://www.biocarta.com/search/index.asp

Information on domains has to be retrieved from SMART database http://smart.embl-heidelberg.de
Information about antigens found in other tumours SEREX database http://www2.licr.org/CancerlmmunomeDB/
from Cancer Immunome
database
CAP * (Cancer http://www.bioinf.uni-sb.de/CAP/
associated
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proteins) database

Translation of DNA to Protein Swiss Institute of http://www.expasy.org/tools/dna.html
Bioinformatics

Information about autoimmunity of antigens from the autoimmune http://www.wiley-
database vch.de/contents/jc 2040/2005/25481 s.pdf

Relevant literature:

[PIE2004] Pierre Donnes, Annette Hoglund, Marc Sturm, Nicole Comtesse, Christina
Backes, Eckart Meese, Oliver Kohlbacher, Hans-Peter Lenhof: Integrative
analysis of cancer-related data using CAP. FASEB J 18:1465-1467, 2004

[BAC2005] Backes C, Kuentzer J, Lenhof HP, Comtesse N, Meese E: GraBCas: a
bioinformatics tool for score-based prediction of Caspase- and Granzyme B-
cleavage sites in protein sequences. Nucleic Acids Research 33: W208-
W213, 2005

5.3.6 Workflow

The forseen sequence of activities for the execution of the scenario are as follows:
5.3.6.1 Step1l
= Clinical data are not needed for step1.

= Data of the SEREX experiments will be sent to the ACGT platform in form of an Excel
sheet. In Step 1 only the ID numbers and the nucleotide sequences of positive clones are
included.

= Nucleotide sequences will be given to the translation tool of Expasy
(http://www.expasy.org/tools/dna.html) and translated into six possible reading frames (3
reading frames from 3'to 5° and 3 frames from 5°to 3°).

= The used frame will be found by the vector amino acid sequence. This is the first protein
sequence according to the clone in the experiment. This protein will be used later again.

= The nucleotide sequence of the positive clone that was found in the experiment will be
analysed with the NCBI web tool BLAST (http://www.ncbi.nIlm.nih.gov/BLAST/ - following
nucleotide to nucleotide (blastn)) at this page either. BLAST will start by clicking Blast
button. A request ID will be given and search will continue by clicking “Format”

= The most similar sequences will be received by this search. Human genes (NCBI
accession number in format NM_xxxx or XM_xxxx) have to be selected. The most
identical sequence will be given at the top of the search results.

= By choosing the most similar gene the information about gene name (given in the
definition section) and gene symbol (in brackets in the section gene). The protein ID
(NP_XXXX at NCBI) is given at the bottom of this page and is directly linked to the
correlating NCBI page. It is also possible to get links to diseases and genetic disorders
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linked to these genes in the Online Mendelian Inheritance in Man™ database on NCBI by
choosing the MIM link at the point gene.

= The linked protein page has to be selected and on the connected page the information
about the expressed protein will be given.

= To compare the protein sequence corresponding to the gene and the protein sequence
corresponding to the nucleotide sequence of the identified clone the protein sequence
found in NCBI has to be in FASTA format. This will be done automatically by selecting
FASTA in the task line at “Display" on the page the protein was found in NCBI.

= The two protein sequences are aligned at the NCBI > Blast>Special>blast2seq page
(http://www.ncbi.nIm.nih.gov/blast/bl2seq/wblast2.cqi)

= The sequence identified with the translation tool at Expasy (1%) is given to the field of
sequence 1, the protein sequence found in NCBI (2") is given to the field of sequence 2.

= Because two proteins are compared, the program task line at the top of the page has to
be changed from blastn (for nucleotides) to blastp (proteins).

= The comparison is necessary to ensure that the protein that is expressed by the clone is
at least partly corresponding to the expressed protein expected from the nucleotide
sequence homology.

= When the sequence found in the expasy tool shows significant similarity to the really
expressed and expected protein it is called in frame. Nevertheless the clones with
unknown frames may express existing proteins either. Homologous proteins can be
searched via further database analysis (e.g. at the NCBI database either).

= There may be truly expressed proteins homologous to protein expressed by the not in
frame clones but it is necessary to proceed further with analyses to get a conclusion
about their function. This will be probably done in a future scenario.

= Further characterizations of the genes and the proteins are possible by the use of the
databases described in the table above. The NCBI accession number is used as
identification. The NCBI database also provides links to publications of each of the
antigens.

o Antigen function, localisation in the cell and the intracellular process is
characterized by wusing the entrez gene from the NCBI homepage.
(http://www.ncbi.nim.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=)

o Correlating pathways of the antigen is provided by the KEGG database using the
gene symbol or the gene ID received before at NCBI.

o Similar to the KEGG database a search has to be done at Biocarta.
o0 The SMART database is used to show the protein domains

o The SEREX and the CAP database are analysed to detect other tumours
expressing the clones and proteins found in the actual experiment.

0 The relation between the expressed genes and the chromosomal localisation as
well as the expression in different human tissues is found in the gene cards.

o0 Detailed information from other homepages concerning the isolated gene at gene
cards too is seeked.
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o Further information concerning chromosomal localization, protein function, and
sub cellular localization is retrieved from EBI and SwissProt.

o Users may receive an accession number of EBI by entering the gene symbol in
the overall search of the SwissProt homepage
(http://www.ebi.ac.uk/swissprot/access.html).

= The results of the different databases will be summarized and visualized in a simple and
clear way. A filter-tool including search criteria will help to present the results in a flexible
way.

5.3.6.2 Step 2

In the second step the results of the individual experiments described before must be
analysed, correlated and visualized in the following way. The number of used antigens is
defined by the result of step 1 (only positive clones with the pooled serum).

e Clinical data is collected by the clinicians and pseudonymized / anonymized. The
database of the SIOP 2001/ GPOH is used.

e The data of the antigen/antibody experiment is provided to the ACGT platform in the form
of an excel sheet as shown in the table of proteomics data.

o Positive antigene-antibody reactions have to be described according to descriptive
statistical tools (tables, bars, box-plots, etc) and a statistical test battery (t-Test, etc).
Statistical tests are used to find significant differences between different groupings of the
data according to clinical questions. Some of the analysis are listed below:

the percentage of positivity of each clone in summary and

for the same histological subtype and

in comparison of different histological subtypes

at the 4 different time points and

in comparison to the different time points

O O O O o o

in correlation to molecular biological findings (gene signature)
0 to the clinical outcome

o Positivity of clonesare described as a function over time in individual patients and in
clinically defined groups of patients, to answer the question if the antigen/antibody pattern
of positivity can be used as a tumour marker.

5.3.7 Stakeholders Profile

The users are IT literate, experienced clinical researchers, namely:

Prof. Dr. Eckhart Meese, Department of Human Genetics and Molecular Biology, UdS
Prof. Dr. Manfred Gessler, Physiologische Chemie |, Universitat Wirzburg
Prof. Dr. Norbert Graf, Alexander Hoppe, UdS
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5.4  Scenario SC3: Correlating phenotypical and genotypical

profiles

The presented scenario could be extended to the ACGT TOP breast-cancer trial.

5.4.1 Background

“... Two major challenges in using genomics for disease (such as breast cancer) diagnostics
are the ability to find robust classifications that maintain prognostic significance across
different patient populations, and the ability to effectively translate those classifications into
the clinical laboratory ...”*.

“ ... Although it is still of great importance to gain an understanding of which patterns of gene
expression are linked to known variables such as ER-a status, studies should be designed to
reveal rather than obscure these links, and to uncover any potential gene expression
patterns that predict outcome within uniform groups ...”

5.4.2 Scenario description

This is an Integrated Clinico-Genomics Knowledge Discovery Scenario. Its realization will be
based on a multi-strategy data-mining process.

The fundamental objective is to offer a flexible and effective data analysis framework — based
on the smooth integration of interoperable, high-performing and discoverable (i.e., Gridfied)
data mining operations and corresponding tools.

The aim is: (a) to support the semantic integration of a patients’ clinical and genomic data,
and (b) to reveal interesting relations between the relevant data sources towards the
composition of interesting and individualized clinico-genomic patients’ profiles.

5.4.3 Required and available data

Initial realization (feasibility study) of the scenario will be based on relevant public-domain
data. In this context we will focus on the NKI dataset which records both clinical,
histopathology, treatment and clinical outcome as well as respective gene-expression data
for 295 breast-cancer patient cases. All relevant data may be downloaded from
http://microarray-pubs.stanford.edu/wound NKIl/explore.html.

Sebsequently, when the ACGT pilot sites have begun to collect the appropriate datasets, the
scenario will be realized based on these actual datasets.

5.4 .4 \Workflow

The forseen sequence of activities for the execution of the scenario are as follows:

4 Laurent Perreard, et al. Classification and risk stratification of invasive breast carcinomas using a real-time quantitative RT-PCR assay. Breast
Cancer Research 2006, 8:R23, doi:10.1186/bcr1399, http://breast-cancer-research.com/content/8/2/R23.
Sofia K Gruvberger, et al. Expression profiling to predict outcome in breast cancer: the influence of sample selection. Breast
Cancer Res 2003, 5:23-26, do0i:10.1186/bcr548, http://breast-cancer-research.com/content/5/1/023.
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Step-1. The clinical, histopathology and the gene-expression data of all NKI patients are
appropriately entered into the relevant clinical and gene-expression information systems (see
below “Technical Requirements”)®.

Step-2. The information systems are queried to retrieve (query-speific) patients’ clinico-
histopathology and gene-expression data from the relevant information system sources (see
below “Technical Requirements”). The results are persistently stored.

Step-3. The samples may be assigned, by the involved clinical users, to various clinico-
histopathological categories corresponding to specific profiles, e.g., profiles or classes
referring to specific tumour types, stages, drug response statuses etc.

Besides the investigator-guided process, advanced data-mining operations are utilised in
order to automatically discover indicative CHPPs. Different data-mining operations are used,
such as (i) Descriptive CHPPs. Clustering of patients/samples to categories of ‘similar
clinico-histopathology profiles’. This helps in the identification of potentially interesting
cohorts to target a clinico-genomic study. Among others, the clustering operations should
support feature focusing in assisting the user to focus on specific clinio-histopathological
features of interest. (ii) Discriminant CHPPs. When a decision-feature is selected by the
user (e.g., “metastasis vs. no-metastasis patients”) then, with the aid of classification and
feature-selection techniques and algorithms the user is assisted in identifying combinations
of clinico-histopathological feature-value combinations being able to discriminate between
pre-specified patient groups, e.g., “good/bad prognostic clinico-histopathological profiles”.
These CHPPs are contrasted with respective gene-expression profiles and assess
correspondences and respective diagnostic/prognostic prediction performances (see step 4
below).

Step-4. By measuring transcription (gene expression) levels of genes in an organism under
various conditions and in different tissues, Gene Expression Phenotypical Profiles are
constructed or, patterns - GEPP, which characterize the dynamic functioning of each gene in
the genome are identified. The identification of patterns in complex gene expression datasets
provides two benefits: (a) generation of insight into gene transcription conditions; and (b)
characterization of multiple gene expression profiles in complex biological processes, e.g.
pathological states.

Step-5. The next step now is to link and relate the two phenotypic profiling types. For
achieving this the smooth integration of data-mining operations, i.e, clustering, association
rules mining and feature-selection with classification operations, is required. We refer to this
process as |I-CGKD: Integrated Clinico-Genomic Knowledge Discovery. The process unfolds
as follows:

At first a user utilises an appropriate (unsupervised) clustering method in order to
identify clusters of genes or, metagenes, based on their gene-expression profiles.
The objective is mainly to reduce the dimensionality of the search space (i.e., from
1000ts of genes to 10ths of metagenes). These metagenes represent potentially
interesting GEPPs. The following question then is: “does these GEPPs relate to some
potential CHPPs, and if yse how?”. In responding to this question the user invoces
appropriate tools, i.s. an association rules mining (ARM) tool in order to automatically
discover ‘highly confident’ correlations between GEPPs and CHPPs. Such
correlations assist in a potential re-classification of the targeted disease in the sense

® In the actual version (as to be supported by the integrated ACGT final architecture and respective services) this step will be
abandoned based on the availability of patient data in the respective clinical and microarray information systems.
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that specific (strong) GEPPs point to specific CHPPs and respective behaviours.
Moreover, if the description of the linked and identified CHPPs include a ‘decision
variable’ then, the user initiates a gene-selection process on the population of
samples being covered by the CHPPs and on the genes included in the GEPPs (i.e.,
genes in metagenes). In other words, we are now seeking for ‘individualised’
molecular/genomic signatures.

5.4.5 Technical Requirements

Realization of steps 1 and 2 of the presented scenario and the I-CGKD process is depended
on the availability of appropriate information systems to store and maintain respective
patients’ clinical and gene-expression data as well as to a mediation infrastructure to retrieve
data from (potential) distributed and heterogeneous data sources.

< Clinical Information Systems. All relevant patients’ data are stored, managed and
retrieved in appropriate Clinical Information Systems (CIS)..

2 Gene-Expression Information Systems. A specific microarray-experimentation
and gene-expression profiling information system is utilised for the management of
the gene expression data. The system is compliant to the MIAME — Minimum
Information About Microarray Experiments which represents a de-facto standard for
microarray experiments and gene-expression profiling data
(http://www.mged.org/Workgroups/MIAME/miame.html).

< Data Mediation Services. A middleware layer for seamless access and integration
of data is required, supporting the biomedical investigator to form combined clinico-
genomic queries (e.g., “ get the gene-expression profiles for ‘microarray
experiments meeting specific criteria’ of all breast cancer diseased women meeting
a clinical profile of: ‘age over 40, ‘ER+’, ‘lymph-node — and ‘followd-up for over 5

years’”.

Query results are combined and a standard data-enriched XML file is created for
further utilization, e.g., for data-mining/ knowledge-discovery operations.

Realization of the remaining steps, i.e. the I-CGKD process, is depended on the availability
of the appropriate data mining operations and appropriate visualization tools.

The proposed process is inspired by respective multi-strategy machine learning and case-
based reasoning methodologies. The whole approach, and the actual realization of the
proposed scenario, is based on the smooth integration of three distinct data-mining analytical
tools. Namely:

2 Clustering tool. A k-means clustering algorithm operating on categorical data is
required. With this approach the clusters of genes that best describes the available
patient cases are selected, i.e., clusters that cover an adequate number of genes
and for which an adequate number of samples shows significant ‘low’ or, ‘high’
gene-expression values; we refer to them as metagenes.

2 Association Rules Mining tool. Aiming at discovering of ‘causal’ relations (rules
with high confidence) between genes (actual clusters of genes, i.e., the metagenes)
and patients’ phenotypic profiles (i.e., between CHPPs and GEPPs).

o Feature Selection and Classification tool. For the selection of the most
discriminant genes, i.e., genes being able to distinguish (i.e., with high accuracy)
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between patients’ pre-specified classes, i.e., decision variables of the focused
patient cases (disease state, survival category, etc).

5.4.6 References

[KAN2006]  Kanterakis A. and Potamias G. Supporting Clinico-Genomic Knowledge Discovery:
A Multi-strategy Data Mining Process. In G. Antoniou, et al. (Eds.): SETN 2006,
LNAI 3955, pp. 520-524, 2006.
(http://wvww.springerlink.com/(mibwxn45mifi5r45aa5ddp2q)/app/home/content.asp?r
eferrer=contribution&format=2&page=1&pagecount=0).

[POT2005] Potamias G., et al. Breast Cancer and Biomedical Informatics: The PrognoChip
Project. In Proceedings of the 17th IMACS World Congress Scientific Computation,
Applied Mathematics and Simulation, Paris, France, 2005.
(http://sab.sscc.ru/imacs2005/papers/T3-1-68-1066.pdf)

[POT2004a] Potamias G, Koumakis L., and Moustakis V. Gene Selection via Discretized Gene
Expression Profiles and Greedy Feature-Elimination. In G.A. Vouros and T.
Panayiotopoulos (Eds.): SETN 2004, LNAI 3025, pp. 256-266, 2004.
(http://wvww.springerlink.com/(mibwxn45mifi5r45aa5ddp2q)/app/home/content.asp?r
eferrer=contribution&format=2&page=1&pagecount=11).

[POT2004b] Potamias, G., Koumakis, L. (2004). HealthObs: An Integrated System for Mining
Clinical XML-formatted Data. In 2nd International Conference on Information
Communication Technologies in Health, Journal for Quality of Life Research (JQLR)
(http://www.ics.forth.gr/~potamias/WWW_Potamias_ResearcherB/PUBS/C.16.zip).

5.5 Scenario SC4: Reporting of Adverse Events and Severe

Adverse Reactions

Pharmacovigilance is defined as the pharmacological science relating to the detection,
assessment, understanding and prevention of adverse effects, particularly long term and
short term side effect, of medicines. It is gaining importance for doctors and scientists as the
number of stories in the media of drug recalls increases. Because clinical trials involve, at
most, several thousand patients, less common side effects and Adverse Drug Reactions
(ADRs) are often unknown at the time a drug enters the market. Even very severe ADRs,
such as liver damage, are often undetected because study populations are small.
Postmarketing pharmacovigilance uses tools such as data mining and investigation of case
reports to identfy the relationships between drugs and ADRs.

The pharmacovigilance effort In Europe is coordinated by the European Medicines Agency
(EMEA) and conducted by the national competent medicines authorities (NCA). The main
responsibility of the EMEA is to maintain and develop the pharmacovigilance database
consisting of all suspected serious adverse reactions to medicine observed in the European
community. The system is called Eudravigilance
[http://www.eudravigilance.org/human/index.asp] and contains separate but similar
databases of human and veterinary reactions.
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All clinical trials within the European Community have to be done according to the
regulations of the Directive 2001/20/EC. By 20 November 2005 new European legislation
requires to submit all received adverse reactions in electronic form. This can be done with
commercial software developed for the purpose or with a web utility called EVWEB
accessible through the EudraVigilance homepage. Registration for use of EVWEB is
nessesary.

5.5.1 Background

The responsibilities of the investigator in relation to the notification of Adverse Events (AEs)
are set out in this Directive: “The investigator shall report all Serious Adverse Events (SAEs)
immediately to the sponsor except for those that the protocol or investigator's brochure
identifies as not requiring immediate reporting. The initial report shall be promptly followed by
detailed, written reports. The initial and follow-up reports shall identify the trial subjects by
unique code numbers assigned to the latter.”

Adverse events and/or laboratory abnormalities identified in the protocol as critical to the
evaluation of safety must be reported to the sponsor by the investigator according to the
reporting requirements within the time periods specified in the protocol. The investigator shall
supply the sponsor and the Ethics Committee with any additional requested information,
notably for reported deaths of a subject.

The sponsor of a clinical trial has the obligation to report all Severe Adverse Events (SAEs)
and Suspected Unexpected Severe Adverse Reactions (SUSARs) to the legal authorities,
the ethical committees and the participating centres as stated in the directive:” The sponsor
is responsible for the prompt notification to all concerned investigator(s), the Ethics
Committee and competent authority of each concerned Member State of findings that could
adversely affect the health of subjects, impact on the conduct of the trial or alter the
competent authority’s authorisation to continue the trial in accordance with Directive
2001/20/EC*.

A detailed guidance on the collection, verification and presentation of adverse event/reaction
reports, together with decoding procedures for unexpected serious adverse reactions is
published:

http://eudract.emea.eu.int/docs/Detailed%20guidance%20collection%200f%20adverse%20events.pdf

5.5.2 Goals

Stakeholder benefit Supporting features

Easier work for Investigators (clinicians)

nly one reporting system, independent
. from the trial

Less work for Sponsor and legal authorities They will get reports in a standardized
way via online access

Improved Patient security Reports are standardized and in the
same manner independent from the trial

5.5.3 Required Datasets and Tools

For the implementation of this scenario the following datasets and tools are required:
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e EudraCT Database

e MedDRA Database
o0 The latest version should be applied, using version 4.1 or later versions.
Lower level terms (LLT) should be used)

e Clinical Database

e Atool that can easily accessed and used by the stakeholders

5.5.4 Description of Available data and EudraVigilance

The data of the EudraCT and MedDRA databases are standardized. The data from the
clinical database are depending on the clinical trials database. The needed data are
described in section 1.1.8.

Further information can be obtained from the EudraVigilance homepge
[http://www.eudravigilance.org/human/index.asp]. EudraVigilance is a data processing
network and management system for reporting and evaluating suspected adverse reactions
during the development and following the marketing authorisation of medicinal products in
the European Economic Area (EEA). The first operating version was launched in December
2001.

EudraVigilance supports in particular the:

= Electronic exchange of suspected adverse reaction reports (referred to as
Individual Case Safety Reports) between the European Medicines Agency (EMEA),
national Competent Authorities, marketing authorisation holders, and sponsors of
clinical trials in the EEA;

= Early detection of possible safety signals associated with medicinal products for
Human Use;

= Continuous monitoring and evaluation of potential safety issues in relation to
reported adverse reactions;

= Decision making process, based on a broader knowledge of the adverse reaction
profile of medicinal products especially in the frame of Risk Management.

Taking into account the pharmacovigilance activities in the pre- and post- authorisation
phase, EudraVigilance provides two reporting modules:

= The EudraVigilance Clinical Trial Module (EVCTM) to facilitate the electronic
reporting of Suspected Unexpected Serious Adverse Reactions (SUSARs) as
required by Directive 2001/20/EC.

The EudraVigilance Post-Authorisation Module (EVPM) designed for post-authorisation

ICSRs, Regulation (EC) No 726/2004, Directive 2001/83/EC as amended, and Volume 9 of
the "Rules Governing Medicinal Products in the European Union".

5.5.5 Workflow

The following steps present the process for the implementation of the scenario and reveal
the different services the platform has to provide in order to support such scenario.
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10.

11.

12.

. Adverse events (AEs) / Severe Adverse Reaction / Suspected Unsuspected Severe

Adverse Reactions (SUSAR's) and/or laboratory abnormalities identified in the protocol
as critical to safety evaluations are reported to the sponsor according to the reporting
requirements and within the time periods specified in the protocol. They have to be send
by the investigator (participating center) to the sponsor by using the ACGT platform in a
standardized format.

Inform the sponsor about the entry of a new event by the ACGT platform automatically
and send the report to the sponsor by email.

The sponsor has to evaluate every AE regarding

e its seriousness and

o the causality between the investigational medicinal product(s) and/or concomitant
therapy and the adverse event

. After evaluation of the AE the sponsor himself confirms the data of the report using the

ACGT platform.

If the event is confirmed by the sponsor, the report has to be send to all participating
centres, the competent authorities and the Ethics Committee.

In addition, it is recommended that the sponsor reports them to the marketing
authorisation holder and sends the previous notification to the competent authority.

The sponsor has to keep detailed records of all AEs reported to him by the
investigator(s”).

On request of a competent authority in whose territory the clinical trial is being conducted,
the sponsor submits detailed records of all adverse events which are reported to him by
the relevant investigator(s”).

All the events reported (with special emphasis of SUSAR's) are presented as a line
listing orin a table for the annual report.

The annual report is sent to the participating centers, Ethical Committee, Legal
authorities.

It is of utmost importance that identifiers are used for the trial (EudraCT No.) and the
subject (patient). Double reports will be avoided by these identifiers and the data given to
the database.

The reporting of SAEs and SUSARs has to be done in a short time frame defined in the
European Directive 2001/20/EC:

2 Fatal or life-threatening SUSARs

¢ The competent authority and the Ethics Committee in the concerned Member
States should be notified as soon as possible but no later than 7 calendar
days after the sponsor has first knowledge of the minimum criteria for
expedited reporting. In each case relevant follow-up information should be
sought and a report completed as soon as possible. It should be
communicated to the competent authority and the Ethics Committee in the
concerned Member States within an additional eight calendar days.

2 Non fatal and non life-threatening SUSARSs

e All non fatal and non life-threatening SUSARs and safety issues must be
reported to the competent authority and the Ethics Committee in the
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concerned Member States as soon as possible but no later than 15 calendar
days after the sponsor has first knowledge of the minimum criteria for
expedited reporting. Further relevant follow-up information should be given as
soon as possible.

13. For reporting death of a subject, the investigator supplies the sponsor and the Ethics
Committee with any additional information requested.

5.5.6 Data protection requirements

The Community standards of confidentiality must always be maintained and any relevant
national legislation on data protection must be followed.

5.5.7 Format of the standardized SUSAR report

Electronic reporting should be the expected method for expedited reporting of SUSARs to
the competent authority. The format and content as defined by the Guidance
(http://eudract.emea.eu.int/docs/Detailed%20guidance%20SUSAR.pdf) should be adhered to. The
CIOMS-I form is a widely accepted standard for expedited adverse reactions reporting. The
standardized report has to be developed for availability on the ACGT platform. The following
parameters are needed:

5.5.7.1 Minimum criteria for initial expedited reporting of SUSARs

Information on the final description and evaluation of an adverse reaction report may not be
available within the required time frames for reporting. For regulatory purposes, initial
expedited reports should be submitted within the time limits as soon as the minimum
following criteria are met:
1. a suspected investigational medicinal product,
2. an identifiable subject (e.g. study subject code number),
3. an adverse event assessed as serious and unexpected, and for which there is a
reasonable suspected causal relationship,
4. an identifiable reporting source, and, when available and applicable:
0 an unique clinical trial identification (EudraCT number)
0 an unique case identification (i.e. sponsor's case identification number).

5.5.7.2 Follow-up reports of SUSARs

In case of incomplete information at the time of initial reporting, all the appropriate
information for an adequate analysis of causality should be actively sought from the reporter
or other available sources. The sponsor should report further relevant information after
receipt as follow-up reports. In certain cases, it may be appropriate to conduct follow-up of
the long-term outcome of a particular reaction.

5.5.7.3 Data Elements for SUSAR report

1. Clinical trial identification:
o Clinical trial identification is done by the EudraCT number
2. Subject’s details :

e Sponsor’s subject identification number,
¢ Initials, if applicable,
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Gender,

Age and/or date of birth,
Weight,

Height,

3. Suspected investigational medicinal product(s) (IMPs) :

Name of the IMP or brand name as reported,
International non-proprietary name (INN),
Batch number,
Indication(s) for which suspect investigational medicinal product was
prescribed or tested,
Dosage form and strength,
Daily dose and regimen (specify units e.g. mg, ml, mg/kg),
Route of administration,
Starting date and time of day,
Stopping date and time, or duration of treatment
0 Unblinding : yes/no/not applicable ; results
o Investigator’s causality assessment
0 Sponsor’s causality assessment
Comments, if relevant
0 (e.g. causality assessment if the sponsor disagrees with the reporter;
concomitant medications suspected to play a role in the reactions
directly or by interaction; indication treated with suspect drug(s)).

4. Other treatment(s) :

For concomitant medicinal products (including non prescription/OTC medicinal
products) and non-medicinal product therapies, provide the same information
as listed above for the suspected investigational medicinal product.

5. Details of suspected Adverse Drug Reaction(s) (ADRS) :

Full description of reaction (s) including body site and severity, as well as the
criterion (or criteria) for regarding the report as serious should be given. In
addition to a description of the reported signs and symptoms, whenever
possible attempts should be made to establish a specific diagnosis for the
reaction.

Reaction(s) in MedDRA terminology (lowest level term)

Start date (and time) of onset of the reaction,

Stop date (and time) or duration of the reaction,

De-challenge and re-challenge information,

Setting (e.g. hospital, out-patient clinic, home, nursing home),

Outcome : information on recovery and any sequelae; what specific tests
and/or treatment may have been required and their results ; for a fatal
outcome, cause of death and a comment on its possible relationship to the
suspected reaction should be provided. Any autopsy or other post-mortem
findings (including a coroner’s report) should also be provided when available.
Other information : anything relevant to facilitate assessment of the case, such
as medical history including allergy, drug or alcohol abuse; family history;
findings from special investigations.

6. Details on reporter of event/suspected ADR :

name,
address,
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5.5.

e telephone number,
¢ profession (speciality)

7. Administrative and Sponsor details:

¢ Date of this report

e Source of report: from a clinical trial (provide details if not in Eudract, from the

literature (provide copy), spontaneous, other)

Date event report was first received by sponsor,

Country in which reaction occurred,

Type of report filed to authorities : initial or follow-up (first, second, etc),

Name and address of sponsor/manufacturer/company,

Name, address, telephone number and fax number of contact person in

reporting sponsor,

e identifying regulatory code or number for marketing authorisation dossier or
clinical investigation process for the suspected product (for example IND
number, NDA number)

e Case reference number (sponsor’s/manufacturer’s identification number for the
case) (this number must be the same for the initial and follow-up reports on the
same case).

¢ Coding, that the sponsor has reviewed the SAE or SUSAR

7.4 Content of line listing

The line listing identifiable by the sponsor listing reference number or date and time of
printing should include the following information per case

clinical trial identification,
Study subjects identification number in the trial
case reference number (Case-ID-Number) in the sponsor’s safety database for
medicinal products
country in which case occurred
age and sex of trial subject
daily dose of investigational medicinal product, (and, when relevant, dosage form and
route of administration)
date of onset of the adverse reaction.
If not available, best estimate of time to onset from therapy initiation. For an ADR
known to occur after cessation of therapy, estimate of time lag if possible.
dates of treatment. (if not available, best estimate of treatment duration.)
adverse reaction : description of reaction as reported, and when necessary as
interpreted
by the sponsor ; where medically appropriate, signs and symptoms can be lumped
into diagnoses. MedDRA should be used.
patient’s outcome (e.g. resolved, fatal, improved, sequelae, unknown). This field
should indicate the consequences of the reaction(s) for the patient, using the worst of
the different outcomes for multiple reactions
comments, if relevant
0 (e.g. causality assessment if the sponsor disagrees with the reporter;
concomitant medications suspected to play a role in the reactions directly
or by interaction; indication treated with suspect drug(s); dechallenge /
rechallenge results if available)
o unblinding results in the case of unblinded SUSARSs expectedness at the
time of the occurrence of the suspected SARs, assessed with the
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reference document (i.e. investigator’s brochure) in force at the beginning
of the period covered by the report.

5.5.7.5 Table for the annual reporting to the Ethical Committee and the legal
authorities:

Number of reports by terms (signs, symptoms and diagnoses) for the trial n° : (An * indicates
an example of a SUSAR)

Body system / Verum Placebo Blinded
ADR term

CNS
Hallucinations * 2 2 0
Confusion *

Sub-total 3 3

Ccv

Sub-total

5.5.8 Stakeholder’s Profile

The following stakeholders are involved in this service:

(Principal) investigator
Sponsor

Participating center in the trial
Ethical committees

Legal authorities

Eudract Database

The profile of the each stakeholder and their requirements from the system are shown below.

User Responsibility Success criteria Deliverables

Principal Investigator : To send AEs and/or Timely receipt of Standardized report
SARs to the sponsor the standardized
report by the

sponsor
Sponsor To send the received Timely receipt of Standardized report
reports of the principal the standardized
investigator to the report by
participating centers, participating
the ethical committee centers, the ethical

and the legal authorities : committees, the
legal authorities

To send all other and in the EudraCT
reports as described Database
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above, including the
annual report

Participating centers . To send all SAEs and Timely receipt by Standardized report
in the trial SUSARSs to the sponsor : the sponsor
(Investigators)
To receive all reports as | Receipt of the
described above reports

Ethical Committee To receive all reports as | Receipt of the
described above from reports
the sponsor

Legal authorities To receive all reports as | Receipt of the
described above from reports
the sponsor

EudraCT Database To enter the data of the | Receipt of the data
reports directly into the

http://eudract.emea.eu.i | database

nt/

5.6 Scenario SC5: In-silico modelling of tumor response to

therapy

5.6.1 Background

The advancement and clinical validation, adaptation and utilization of in silico
(computational) oncology is an important domain in ACGT project. The aim is to provide
clinicians with a decision support tool able to simulate within defined reliability limits the
response of a solid tumour to therapeutic interventions based on the individual patient’s data.
The treatment effects on the normal tissues will also be taken into account even in
considerably less detail. An intermediate goal of this action is to provide researchers with a
versatile platform for integrating experimental and clinical knowledge and performing
exploratory experiments in silico (on the computer). Therefore, the proposed system is
expected to become a prototype multi-level cancer biology integrator.

Although extensive exploitation of relevant previous work done by ACGT members will take
place, large scale extensions and modifications will be implemented in order to cope with the
particularly high demands and intricacies of the two clinical cases addressed by ACGT i.e.
nephroblastoma (Wilm’s tumor) and breast cancer. To this end a computational system
denoted by the specially coined term “Oncosimulator” will be developed.

As the clinical validation of the “Oncosimulator” will be based on the two clinical studies
incorporated in ACGT (nephroblastoma SIOP 2001/GPOH and breast cancer TOP study),
the term “In Silico Oncology trial” which is sometimes used in the ACGT context actually
refers to a “metatrial” i.e. a validation procedure aiming at checking and optimizing a complex
simulation system through the observation of the time course of the corresponding physical
system’s behaviour (here the tumour).
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To the best of our knowledge, up to now there have not been any specially planned, large
scale, molecular biology enhanced clinical trials [or more correctly clinical validation
procedures] in order to test and adapt mathematical or computational models of tumour
response to therapeutic modalities.

5.6.2 Goals

The objective of the study is to validate, clinically adapt and optimize the “Oncosimulator”
for the special cases of nephroblastoma and breast cancer.

To this end:

o for the case of nephroblastoma - the clinical, imaging and molecular data of the
patient or

o for the case of breast cancer - the clinical, imaging, histopathologic and molecular
data of the patient

following preprocessing will be introduced into the “Oncosimulator” along with the description
of the therapeutic scheme (temporal drug administration scheme) to be simulated. The
prediction of the “Oncosimulator” regarding the tumour response as a function of time will be
compared with the imaging data at various instants during and after the chemotherapeutic

scheme. The outcome of the comparison will be used as an adaptation / optimization
feedback for the “Oncosimulator”.

5.6.3 Data required for the nephroblastoma study
Implementattion of this scenario requires access to the following types of data.

5.6.3.1 Clinical and Molecular Data

< Clinical Data

=  Age
= Sex
=  Weight
= Height

=  Syndromes (WAGR, Denys-Drash, Beckwith-Wiedermann)
=  Family history

=  Blood cell counts (BCC) {to monitor adverse effects on normal tissues}

< Imaging Data (baseline: just before chemotherapy start)
= CT (DICOM) and/or MRI (DICOM) and/or ultrasound (DICOM)]
=  Three ellipsoidal axes of the tumour.

= Delineation of the necrotic, cystic, hemorrhagic and solid tumour regions on
the tomograhic slices.
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> Molecular Data
=  Profiling of antibodies to tumour antigens (antigen scenario)
= Estimated cell type composition of the tumour

= Estimated tumour cell responsiveness to the drugs under consideration
5.6.3.2 Process and Recommended Treatment Scheme(s) Data

= The above mentioned data is accessed and entered into the “Oncosimulator” which
performs the tumour response to chemotherapy simulation.

*= A rough estimation of the response of representative normal tissues is also made.
= As aresult, the most probable outcome is predicted.

= Based on the “Oncosimulator” prediction (mainly the expected tumour shrinkage),
the clinician judges whether or not the chemotherapy outcome would be beneficial
to the patient under consideration by also taking into account his or her logic,
expertise and even intuition.

» |n case that the expected outcome is not judged as beneficial, the patient may
proceed to surgery. Otherwise, the chemotherapeutic scheme is applied on the real
patient.

= The actual chemotherapy administration schedule is registered.

The following examinations are carried out during and after treatment:

2 During chemotherapy
= Ultrasound imaging every week,
= Recording of the 3 tumour ellipsoidal axes

o After completion of chemotherapy
= Profiling of serum antibodies against tumour antigens
= CT (DICOM) and/or MRI (DICOM) and/or ultrasound (DICOM)
= Three ellipsoidal axes of the tumour.

= Delineation of the necrotic, cystic, hemorrhagic and solid tumour regions on
the tomograhic slices.

= Blood Cell Counts (BCC)
> After surgery
= Histology (types)

The predicted and the actual outcome and histology are compared and if
they are in significant contradiction an optimization and adaptation loop for the
“‘Oncosimulator’ is carried out, otherwise the current checking of the
“Oncosimulator” is judged as favourable.
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5.6.4 Data required for the TOP breast cancer study

5.6.4.1 Clinical and Molecular Data

For the development and validation of the “Oncpsimulator” for the TOP study, the following
types of data are reuired.

< Clinical Data

Age

Sex

Weight

Height

Previous treatments

Blood cell counts (BCC) {to monitor adverse effects on normal tissues}

Access to all data recorded in the TOP trial data bases during the patient’s
treatment

2 Imaging Data (baseline: just before chemotherapy start)

Ultrasound (DICOM)

Prospectively Somo-vu 3D US images

Digital mammography (DICOM) for some cases
PET and CT or MRI for certain cases (DICOM)
Three ellipsoidal axes of the tumour (obligatory).

Delineation of the necrotic, cystic, hemorrhagic and solid tumour regions on
the tomograhic slices.

< Histopathological and Molecular Data

Histopathological profile (metastatic disease ?, tumour cell types etc.)
Photographs of HE histopathology slides (MIRAX scan system)

Topo lla gene and protein, HER-2 gene, p53 gene, DNA array based gene
expression profiling of the bioptic material

Estimated tumour cell responsiveness to the drugs under consideration

5.6.4.2 Process and Data description of the recommended administration of drug

dose

= The above mentioned data is entered into the “Oncosimulator” which performs the
simulation of the tumour response to chemotherapy.

»= A rough estimation of the response of representative normal tissues is also made.

= As aresult, the most probable outcome is predicted.
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= Based on the oncosimulator prediction (mainly the expected tumour shrinkage) , the
clinician judges whether or not the chemotherapy outcome would be beneficial to
the patient under consideration by also taking into account his or her logic,
expertise and even intuition.

» |n case that the expected outcome is not judged as beneficial, the patient may
undergo other therapeutic interventions. Otherwise, the chemotherapeutic scheme
is applied to the real patient.

= The actual chemotherapy administration schedule is registered.

The following examinations are carried out during and after treatment:
2 During chemotherapy (prospectively)

= Ultrasound imaging after each CT cycle (and preferably on the 1st day of each
week of the chemotherapeutic cycle)

= Recording of the tumour 3 ellipsoidal axes
2 After completion of chemotherapy
= Ultrasound (DICOM)
= Prospectively Somo-vu 3D US images
= Digital mammography (DICOM) for some cases
= PET and CT or MRI for certain cases (DICOM)
= Three ellipsoidal axes of the tumour (obligatory).

= Delineation of the necrotic, cystic, hemorrhagic and solid tumour regions on the
tomograhic slices.

= Blood Cell Counts (BCC)

The predicted and the actual outcome are compared and if they are in significant
contradiction an optimization and adaptation loop for the “Oncosimulator” is carried out,
otherwise the current checking of the “Oncosimulator” is judged as favourable.

5.7 Scenario SC6: Molecular apocrine breast cancer

5.7.1 Background

Reference: Farmer P. et al., Identification of molecular apocrine breast tumours by
microarray analysis, Oncogene, 2005 Jul 7;24(29):4660-71.

“Previous microarray studies on breast cancer identified multiple tumour classes, of which
the most prominent, named luminal and basal, differ in expression of the oestrogen receptor
alpha gene (ER). We report here the identification of a group of breast tumours with
increased androgen signalling and a 'molecular apocrine' gene expression profile. Tumour
samples from 49 patients with large operable or locally advanced breast cancers were tested
on Affymetrix U133A gene expression microarrays. Principal components analysis and
hierarchical clustering split the tumours into three groups: basal, luminal and a group we call
molecular apocrine. All of the molecular apocrine tumours have strong apocrine features on
histological examination (P=0.0002). The molecular apocrine group is androgen receptor
(AR) positive and contains all of the ER-negative tumours outside the basal group.
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Kolmogorov-Smirnov testing indicates that oestrogen signalling is most active in the luminal
group, and androgen signalling is most active in the molecular apocrine group. ERBB2
amplification is commoner in the molecular apocrine than the other groups. Genes that best
split the three groups were identified by Wilcoxon test. Correlation of the average expression
profile of these genes in our data with the expression profile of individual tumours in four
published breast cancer studies suggest that molecular apocrine tumours represent 8-14% of
tumours in these studies. Our data show that it is possible with microarray data to divide
mammary tumour cells into three groups based on steroid receptor activity: luminal (ER+
AR+), basal (ER- AR-) and molecular apocrine (ER- AR+).”

5.7.2 Scenario summary

This is a technology driven scenario. The objective is to use published results, use the
available data and re-produce the results with the ACGT platform.

It is a “Microarray-data only” study, with one-color system (Affymetrix). No clinical data are
provided.

Extra data required: two lists of probesets used to construct AR and ESR1 metagenes are
provided on the ACGT/BSCW server.

5.7.3 Description of available data

Microarray data: from Phase lll clinical trial EORTC 10994/BIG 00-01.
Chips: Affymetrix HG-U133A CEL files
NCBI GEO database accession number GSE1561

Data  available  from Oncogene  website, relevant data  copied under
https://bscw.ercim.org/bscw/bscw.cgi/147172

5.7.4 \Workflow

The forseen sequence of activities for the execution of the scenario are as follows:

» Introduce CEL files as clinical data in the ACGT database (e.g. BASE).
» Access the database from the ACGT analysis environment to load the data.

= Normalize data in CEL files with the method RMA in the R/BioConductor package
affy.

» Reproduce the clustering of Figure 1b’ (heat map, clustering simultaneously on
genes and samples). Data were filtered as follows: only probesets with SD>0.5 (after
log2 transformation) were considered.

= Assign labels (blue, green and red colors) to samples based on the above sample
clustering.

= Perform a principal component analysis, and reproduce Figure 1a.

» |solate genes from selected subclusters, together with their annotation (Fig. 1c).

" Figure 1b and others refer to figures as found in the relevant article
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= Plot AR vs ESR1 gene expression (Fig 3a), and AR-metagene vs. ESR1-metagene
expression (Fig 3b, using list of probesets composing metagenes AR.txt and
ESR1.txt).

= Reproduce Kolmogorov-Smirnov (KS) tests8 in Figure 3.

= Gene Ontology analysis conducted with SIB program lo, to be reproduced in the
context of ACGT analysis environment:
http://www.io.isb-sib.ch/

= Optional: Comparisons with other studies appearing in paper.

5.8 Scenario SC7: van ‘t Veer study

5.8.1 Background

This again is a technology driven scenario, as published in the following reference.

Reference: van de Vijver et al., A Gene-Expression Signature as Predictor of Survival in
Breast Cancer, New England Journal of Medicine, 347, 2002, 1999-2009

The following text provides information on the scope, methods, tools and results as reported
in the reference:

“Background A more accurate means of prognostication in breast cancer will improve the
selection of patients for adjuvant systemic therapy.

Methods Using microarray analysis to evaluate our previously established 70-gene prognosis
profile, we classified a series of 295 consecutive patients with primary breast carcinomas as
having a gene-expression signature associated with either a poor prognosis or a good
prognosis. All patients had stage | or |l breast cancer and were younger than 53 years old;
151 had lymph-node—negative disease, and 144 had lymph-node—positive disease. We
evaluated the predictive power of the prognosis profile using univariable and multivariable
statistical analyses.

Results Among the 295 patients, 180 had a poor-prognosis signature and 115 had a good-
prognosis signature, and the mean (xSE) overall 10-year survival rates were 54.6+4.4
percent and 94.5+2.6 percent, respectively. At 10 years, the probability of remaining free of
distant metastases was 50.614.5 percent in the group with a poor-prognosis signature and
85.214.3 percent in the group with a good-prognosis signature. The estimated hazard ratio for
distant metastases in the group with a poor-prognosis signature, as compared with the group
with the good-prognosis signature, was 5.1 (95 percent confidence interval, 2.9 to 9.0;
P<0.001). This ratio remained significant when the groups were analyzed according to lymph-
node status. Multivariable Cox regression analysis showed that the prognosis profile was a
strong independent factor in predicting disease outcome.

Conclusions The gene-expression profile we studied is a more powerful predictor of the
outcome of disease in young patients with breast cancer than standard systems based on
clinical and histologic criteria.”

8 The procedure of Kolmogorov-Smirnov testing is also called « gene set enrichment analysis » (GSEA).
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5.8.2 Goals

The scenario is a “Microarray with associated clinical data” study, with a two-color system
(Agilent), data already background-corrected and normalized.

The main objective is: “the validation of a 70-gene predictor identified in a previous study by
the same authors (van ‘t Veer et al., Gene Expression Profiling Predicts Clinical Outcome of
Breast Cancer, Nature, 415, 2002, 530)".

5.8.3 Description of available data

The original source of data can be found at Rosetta Inpharmatics web site:
http://www.rii.com/publications/2002/nejm.html

Relevant data are copied under: https://bscw.ercim.org/bscw/bscw.cgi/147547

Access to Rosetta pre-processed list of 70 gene expression for the 295 samples (zip file for
“table2”) requires accepting and End-User License Agreement. This table is not included in
the ERCIM repository as it can be reconstructed from the other files.

5.8.4 Workflow

The forseen sequence of activities for the execution of the scenario are as follows:

» Load sample data (expression ratios) in the environment.® [Extract expression data from
the different files and create a single gene-expression/sample data matrix.]

= Associate clinical data with the samples.

= Retrieve data from 70-gene list in the 295 sample list.

= Compute correlation with 70-gene expression for each sample, using the values in the
70-genes file, and assign labels the sample according to their prognostic. (Use lymph-
node status specific thresholds.)

= Reproduce survival curves (Kaplan-Meier) from Figure 2 of the article.

= Using binary coding for St-Gallen and NIH Consensus in the clinical data file, assign
labels to samples and produce the corresponding survival curves.

5.8.5 Possible extensions to the set of clinical scenarios

A recommendation for extending the set of scenarios based on published data is provided by
N. Graf, with Reference: B. Zirn et al., “Expression profiling of Wilms tumors reveal new
candidate genes for different clinical parameters”, Int. J. Cancer, 118, 2006, 1954-1962. This
scenario would allow covering the spotted-array-specific features of the ACGT platform.

= Other scenarios based on published data can be included in the document namely:

= Upload and analysis of data from a two-color platform (Agilent, spotted-array).

® In an actual scenario, this step should be replaced by an operation of upload of raw data files for two-color
system, followed by a normalization step.
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= Multiplatform studies (e.g. combined microarray/PCR data), published data from
UNC available.

= Extension of a study by using data published later (e.g. van de Vijver).

5.9 Scenario SC8: Antigen Characterisation Scenario

5.9.1 Background

The goal of this sectiom is to describe in sufficient detail the antigen characterization
scenario co-developed between the University of Saarland “UoS” (an ACGT end user
partner) and Biovista (a technology providing partner).

The scenario is based on actual current practices at the UoS as described in [GRATR] and
discussed in the ACGT Technical Board meeting of Athens (11-13 July 2006).

5.9.2 Goals

A Clinical Trials investigator wishes to understand in depth the nature of the 50 antigens
selected as a result of the screening process of the circa 30K proteins against the Wilms
Tumor sera.

= The pattern of the identified antigens will contribute to answer key questions about
the humoral immune response in Wilms tumor patients:

= Are Wilms tumors associated with frequent antibody response?

= |s there a complex and/or specific antibody response?

= |s this response associated with specific genetic features like gene amplifications or
DNA losses?

= Do these immunogenic antigens share common features like specific sequence
motives?

= Does the seroreactivity pattern allows early identification of Wilms tumors and also
their histological subtypes?

= Does the seroreactivity pattern represents a prognostic marker for Wilms tumors in
respect to chemotherapeutic response and / or outcome?

5.9.3 Benefits of solving this problem

Finding a typical pattern for nephroblastoma will help to make the correct diagnosis. This
pattern will also be used as a tumor marker during follow-up. If different signatures between
different histological subtypes are found, patients can be treated more individualized from the
beginning according to their risk group.

5.9.4 Required and Available Data

The following data sources will be used for the present scenario:

= Medline database of 16.5 million abstracts

= List of 50 antigens supplied in text format (as a list or an Excel file) by the CT
investigator.

13/09/2006 Page 87 of 436



ACGT D2.1 - User requirements and specification of the ACGT internal clinical trial
= List of URLs of on line gene resources
=  Gene Ontology (GO) (http://www.geneontology.org/)

Lists of proteins, diseases, pathways and a set of other molecular biology related
concepts

5.9.5 Workflow

Two high-level goals are identified:

Goal 1: to characterise and collect available information/knowledge about the 50 antigens. In
doing this a user needs to perform the following activities:

Start with 50 proteins (antigens) given as a list of names (currently in list or Excel
sheet format).

Collect information from 3 distinct resources: online sources, ontologies and
literature

For each of the 50 antigens get information from one or more online resources such
as KEGG and GO. This involves connecting to the appropriate web page, passing
the name of the protein as a parameter, retrieving the returned information and
presenting it in a format that is acceptable/usable by the user.

For each of the 50 antigens see what ontological knowledge is available (using GO)

¢ Find straight ontological information and display it in a format that looks
something like the picture below:

] Gene Ontology Browser e]A|x]

|_J nudear RNA-directed RNA polymerase complesx =
| signalosame comples:

&~ ) nuclear chromosame
| micronudeus ‘
|| heterogeneous nuclear ribonucleoprotein complex

@ u,J nuclear proteasome complex ‘
|_J exon-exon junction complesx
| assemblan

& () nudear lumen

L ]

Find | |

Find Mext |

Show Selection in Graph | | Reset Graph |

Definition

@ u splicensome complex
|| tRMA-intron endonuclease complesx
| microsporocyte nucleus
= u,J nucleotide-excision repair complex
] Mre1l complex
| apolipoprotein B mRMA editing enzyme comples:
ol “.J pronucleus
|| dense nuclear body
|_] macronucleus
o8 U small nuclear ribonucleoprotein comples
| TRAMP comples:
|| wiral inkegration complex
| nudear exosome (Riase complex)
|_J retrotransposon nucleocapsid
| replication compartment
|_| cyclin-dependent protein kinase S activator complex
| nudear cyclin-dependent protein kinase holoenzyme
® [J nuclear envelope
|_J nuclear envelope lumen
© ) nuclear lamina
|| lamin Filament
>0
|_] Mup107-160 complex
| karyopherin docking complex
[ {2 nuclear membrane

&) ruwlear inner membrane []
: O]

"any of the numeraus similar discrete openings in the:
nuclear envelope of a eukaryotic celll, where the inner and
outer nuclear membranes are joined." [ISBM:0198547684]

Terms Associated with : MTOR

nucleus
nuclear pore

Close

Find commonalities (using BEA’s

“most

recent common ancestor’

algorithm) and display results in something like the format shown below

Find literature combining the 50 antigens or combinations thereof.

Take Wilms Tumor “gene signature” from the literature and compare this

with the 50 antigens
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G2: to generate and evaluate hypotheses based on information

I3 Commonalities
Mumber of selected entities: Mazimum order of combinations 5 Combinations:
[combine concepts by 2_3_ etc |
Group ‘ Eiological Process | Malecular Function | Cellular Component -
[MAPK1, MAPK3. COKSRZ. P43) cellular process malecular_function
[M&PE1, MAPK3, COKBRZ, PSMCE]  biclogical process molecular_function
[MAPKT, MAPK3, P43, PSMCE) metabolism binding
[MAPK1, COKERZ, P43, PSMCE] biclogical_process malecular_function
[MAPK3, COKERZ, P43, PSMCE) biclogical_process molecular_function cellular_component
[M&PEY, MAPK3, CDKBRZ) cell cycle molecular_function
[MaPET, MAPKZ, P43) cellular process, metabolism binding
[MAPE1, MAPKZ, PSMCE] metabiolism atp binding, catalytic activity
[M&PK1, COKERZ. P43) cellular piocess molecular_function
[MAPE1, CDEERZ, PSMCE] biological_process molecular_function
[MaPE1, P43, PSMCE] metabalism binding
[MaPE3, COKERZ, P43) cellular process molecular_function cellular_compaonent
[M&PK3, COKERZ, PSMCE) biological_process molecular_function cellular_component
[MAPE3Z, P43, PSMLCE] metabolism binding cellular_component
[CDKERZ, P43, PSMCE) biological_process molecular_function cellular_compaonent
[MAPE1, MAPK3) cell cycle, protein amino acid phosphorylation atp binding, map kinase activit, tr...
[M&aPK1, COKER2) cell cycle molecular_function
[MAPE1, P43) cell communication, metabalism, responze to ... binding
[MaPE1, PSMCE] metabalism atp binding, catalytic activity
[MaPE3, COKERZ) cell cycle malecular_function cellular_compaonent
[MAPKS, P43) cellular piocess, metabolism binding cellular_component
[MAPK3, PSMCE] metabalism atp binding. catalytic activity cellular_component
[CDKERZ, P43) cellular process molecular_function cellular_companent
[CDKERZ, PSMCE] biclogical_process molecular_function intracellular
[P43, PSMCE] metabolism binding cellular_component s
< >
Process | Close | Export Results

collected. In doing this a

user needs to perform the following activities:

Use the 50 antigens to find diseases for which they can be a predictor.

Explore the identified diseases and understand the rankings by reviewing the
supporting literature in each case (involves the reading of retrieved abstracts from
the Medline database).

5.9.6 Technical Requirements for Scenario

The scenario described requires the following capabilities:

Ability to input gene names (or other entities of interest such as adverse events,
diseases etc) from existing sources including text, Excel files and others.

Ability to correlate entities (e.g. gene names) to each other via their co-occurrence
in the scientific literature (this can be generalized to any acceptable corpus such as
the EPO life science patents).

Ability to connect transparently to a variety of resources (e.g. KEGG) and perform
basic bibliographic analyses.

Ability to disambiguate search terms and filter results using a variety of criteria.

Ability to perform the analytic tasks in acceptable times (order of minutes) and drill
down to underlying literature in a transparent manner.

5.9.7 References

[GRATR]

Norbert Graf, Technical Report SAR-ACGT-T2.1-final: Identification of Nephroblastoma
antigens and determination of the seroreactivity, internal ACGT document

[BIOTR] ACGT Technical Report BVA-ACGT-6-1v : Biovista Technology Introduction, internal
ACGT document
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6 User Needs and Requirements

6.1 Introduction

Biomedical research has entered a new phase. The completion of the Human Genome
Project sparked the development of many new tools for today’s biomedical researcher to use
in finding the mechanism behind disease.

Coupled with the sequencing and annotation of many model organisms, our ability to risk-
stratify patients using a collection of phenotypic and genotypic information may come to
fruition in the foreseeable future. Our ability to deduce correct dosage, drug efficacy, and
provide pre-clinical intervention for at risk patients may become a reality.

While the goal is clear, the path to such discoveries has been fraught with roadblocks in
terms of technical, scientific, and sociological challenges. The deluge of data that large-scale
sequencing, transcriptomic and proteomic studies have produced to date is a case in point.
In addition to the shear volume, data collected using a variety of laboratory technologies and
techniques are often published without the background information (method of capture,
sample preparation, statistical techniques applied) that is needed to reproduce results. In
fact, a typical researcher spends as much time trying to understand the origins of a dataset
as actually performing new analyses.

The situation is even more problematic in the clinical research domain, where data
collection is still often performed on paper forms that differ from study to study, even
when the same types of data are being collected. Rarely is a clinical biostatistician able to
make good use of data collected on studies they were not directly involved with, largely due
to incomplete or non-existent annotation and standardization of the information.

This data problem has pushed the biological community to partition and compartmentalize
their data for easy digestion and maintenance. While this approach worked in the past for
simple systems containing a relatively small number of interactions, modeled by a small
number of datasets, bioinformaticians are finding it difficult to model more complex systems.
The simplicity and digestibility of the compartments described above have made it almost
completely impossible to cross compartmental boundaries without consulting an expert.

To alleviate this burden, bioinformaticians are starting to apply sophisticated computational
approaches in the areas of statistics, data mining, signal processing and artificial intelligence
to discover relationships between such compartments. However, the community is quickly
discovering glaring inconsistencies in language, methodology and computational
models used to describe a particular organism, pathway, interaction, annotation, and so
forth. The repercussions of the compartmental approach have produced a bottleneck in the
road to discovery. To make this more concrete, computational approaches to data analysis
and discovery typically rely on formalism in terms of syntax, context, and format in order to
perform reproducible and consistent experiments (the backbone of hypothesis driven
science). These formal definitions are severely lacking in the biological sciences. They will
remain a burden to the process of biological discovery unless the biological community takes
action.

The ACGT project aims to produce a software system capable of handling biomedical data
that crosses compartments. The approach is to leverage existing technologies for the
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standardization of data representation and semantics and couple them to a common data
integration architecture. We propose a system capable of providing a “yellow pages” facility
that identifies the provider, quality, provenance, language and methodology used to capture
clinical, genomic, proteomic, and transcript data “on the fly” as well as services provided by
the ACGT provider community to be used for the semantic integration of such multi-level
biomedical data, for analyzing such data with the purpose of extracting new knowledge and
all other tools and services required for setting up translational, multicentic clinical trials
(Vitrual Organisation Set-up and Management) on the Grid.

Central to the approach of ACGT with respect to integration of heterogeneous, multilevel,
biomedical databases is the ACGT Master Ontology (see ACGT DoW, pp 46-48). The ACGT
Master Ontology uses industry standard techniques to define common biological constructs
(objects) related to Clinical Trials and Cancer. By mapping local data sources to these
common data objects, the process of (semantic) data integration can commence.

6.2 The ACGT users and stakeholders

The ACGT Project will ultimately impact anyone who is involved in post-genomic clinical
research and clinical trials on Cancer. A closer analysis reveals that it appears to encompass
a significant number of stakeholders. Stakeholders are defined as:

“An enterprise, organization, or individual having an interest or a stake in the
outcome of the engineering of a system.”

This should not be a surprise given the importance of the domain of application, i.e. post-
genomic cancer research form a large number of organisations. Indeed, the breadth of the
project spans the universe of post-genomic, individualised medicine and information
technologies, while the classes of stakeholders are quite large and diverse with respect to
areas of interest, depth and domains of expertise, and desire for involvement.

Key repsresentative users are members of the ACGT Consortium, whereas others will be
drawn into the ACGT user community as the project progreses.

Different user “levels” need to be considered. From the viewpoint of access to the
components of the ACGT infrastructure, we identify the following actors:

2 System administrator - With permission to manage the internals of the system.

o Service developers - they provide new applications. A controlled and supervised
registry of such new services should be provided, including a version control
mechanism.

2 Registered (authorized) user - We can see two roles regarding data:

o Data producer. This could be a clinician who “owns” the data collected in the
context of his/her clinical study. The data owner should be the only one
authorized to modify his data. It is needed to identify the ownership of data
submitted to the ACGT system.

o Data consumer. This could be any clinician who does not participate in a trial
but is interested on getting some data from it. This role involves implementing
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a policy of access to trial data. Data storage, data distribution and microarray
data have to be in accordance to ethical and legal issues.

Regarding end-users of the ACGT infrastructure one can further distinguish:

Clinicians

Biomedical researchers
Data miners

Patients

Clinicians typically want to apply very standardized procedures. For instance, given a
microarray result for a patient, they want to apply well known predictors combining clinical
and microarray data (e.g. St-Gallen or NIH consensus in breast cancer) and get the results in
the clearest possible fashion. Simple interfaces (e.g. web-based) should usually be sufficient
for this category of users.

The category of biomedical researchers includes typically PhD students, post-docs and
senior scientists working in a clinical or research environment. Such users typically want to
have a greater flexibility in the visualization of their data, and to have the opportunity to use
various statistical tests and tools, but usually on a single set of clinical data. Interactivity in
the tools is essential for these users (e.g. ability to click on a gene to get information about it,
to filter their data based on selecting one branch of a cluster, to visualize gene expression as
a function of the position on the genome [which typically requires zooming capabilities], to
build Venn diagrams of gene lists found significant under different conditions, etc...). To
some extend, these users will develop automatic methods (workflows) to complete their jobs.
These WFs will be used by inexperienced users

The category of data miners overlaps somewhat with the previous category (e.g. some
biomedical researchers may be willing to combine their findings with those of other studies).
Data miners are typically biostatisticians willing to extract knowledge from a study using
statistical tools they just developed or from a combination of studies or both. Meta-analysis
tools would be of interest for that category of users. The tools used are mainly programs and
scripts (e.g. in R), with less strong need for interactive graphics.

The role of the patient would be limited to access his/her clinical record, and to obtain
various summaries of the findings associated to his/her clinical data. From the viewpoint of
the ACGT infrastructure patients may be considered as clinicians with an access limited to a
single subset of data (their own). As the ACGT infrastructure should essentially be a platform
for improving clinical data knowledge mining, we recommend that the focus of the
development effort to be put on the first three categories of users. Patients access to ACGT
should be kept for a later phase of development of the infrastructure.

The key stakeholder groupswe see in ACGT are briefly described in the following sub-
sections.

6.2.1 Cancer Research Organisations

The Cancer research community depends on data located in multiple disparate data sources
around the world. In most cases, these data sources do not utilize the same underlying data
structure. However, given these tremendous barriers to their research and discovery efforts,
the cancer research community has been able to perform a wide range of studies to
elucidate the mechanisms and treatment of cancer.
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Most participants in the cancer community have access to the internet and use protocols
such as file transfer protocol (FTP) and hypertext transfer protocol (HTTP) to access
disparate data sources. As the community grows, many participants have become blind to
the seemingly endless number of new datasets, methods and tools published on a daily
basis.

The project intends to engage a large number of such organisations in its future
“‘Requirement Engineering” activities. Some of the European Societies or organisations that
play an important role in Cancer Research are listed in Appendix 3 in alphabetical order.

The following steps will be undertaken to promote ACGT:

1. All of the above mentioned societies and organisations will be officially contacted by
ACGT asking for an official meeting with representatives at their annual or biannual
meetings, conferences or congresses. The purpose of such a meeting is:

* Tointroduce ACGT
= To explain what can be expected from ACGT
*» To define possible areas of collaboration and

» To ask for possibilities for affiliation
2. There will be active participation by giving a general ACGT presentation at the
National Cancer Meetings, Conferences or Congresses by National representatives
of ACGT.
3. There will be active participation at International annual or biannual congresses by
members of ACGT to present ACGT to the participants of these meetings. Most
important are the following International conferences:

= European Cancer Conference (ECCO)
o The next conference will be held in:
o Barcelona, Spain, September 23-27, 2007,

http://www.fecs.be/emc.asp?pageld=1228&Type=P

= Congress of the International Society of Paediatric Oncology (SIOP)
0 The next congresses will be held in:
o Geneva, Switzerland, September 17-21, 2006,

http://www.siop.nl/siop2006
0 Mumbai, India, October 30- November 3, 2007,
http://www.siop2007.in/

* Annual Meeting of the American Association for Cancer Research (AACR)
0 The next meetings will be held in:
0 Los Angeles, CA, April 14-18, 2007,

http://www.aacr.org/page6899.aspx
o San Diego, CA, April 12-16, 2008
http://www.aacr.org/page6901.aspx

4. A Management Board Meeting (MB) will be organized at the ECCO conference in
Barcelona in 2007. The organizers from the Federation of European Cancer Societies
(FECS) will be asked to officially put the ACGT MB Meeting into the program of the
conference. This seems worthwhile to do, because one of the topics of the ECCO
meeting in 2007 is the translation of science into better clinical practice.
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5. The different National Cancer Research Centers and National Cancer Institutes of
enrolled partners in Europe and Japan will be contacted by members of ACGT. A list
with contact details is given in Appendix 4.

6. The Homepage of the ACGT Project will be used to spread information of the project
to Cancer Research Organisations.

6.2.2 Researchers and Scientists involved in post-genomic research

The lack of a unifying architecture has proven to be a major roadblock to a researcher’s
ability to mine different databases. Most critically, however, even within a single laboratory,
researchers have difficulty integrating data from different technologies because of a lack of
common standards and other technological and medico-legal and ethical issues. As a result,
very few cross-site studies and clinical trials are performed and in most cases it isn’t possible
to seamlessly integrate multi-level data (from the molecular to the organ, individual and
population levels).

Moreover, clinicians or molecular biologists often find it hard to exploit each other’s expertise
due to the absence of a cooperative environment which enables the sharing of data,
resources or tools for comparing results and experiments, and a uniform platform supporting
the seamless integration and analysis of disease-related data at all levels and simulating the
mechanisms of disease evolution.

The project also intends to engage a large number of such researchers and scientists in its
future “Requirement Engineering” activities. Two main processes will be undertaken to
achieve this goal.

2 The questionnaire, that was developed in task 2.2, provides names of researchers
and scientists, to whom a similar questionnaire will be send. The number of names
will be increased by adding representatives from the different Cancer Research
centers and Societies as well as from IT domains to this list. Such a questionnaire will
open the communication with researchers and scientists in different fields and areas,
that are important for the project.

2 The Homepage of the ACGT project provides the possibility of getting involved as an
associated member. With such associated members future requirements will be
discussed. This will be possible via the homepage by integrating a Wiki for this
purpose.

6.2.3 Technology Suppliers

Technology stakeholders are interested in designing, building and integrating, that would
effectively become a part of the implementation of the integrated ACGT technology platform.

These individuals would be adopters of the architecture specifications and associated
standards. As such, vendors provide a different view of the platform’s requirements — one
clearly focused on the implementation and long term use of the architecture. The purpose of
engagement with vendors is to gain acceptance of the project concepts from vendors and
suppliers directly designing, building, and supplying equipment. Many vendors already
participate in standards bodies and this project must be presented in the context of building
upon existing standards development work.
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Such manufacturers are likely to have substantial technical input that must be sought as the
technical requirements are being established.

6.2.4 Patients and Patient Organisations

In greater Europe, there are 2.8 million new cases of cancer every year, and 1.7 million die
from the disease every year. In the EU 25 alone, 4.5 European citizens have had or have
cancer. There are 2 million new cases every year, and 1.16 million die from it every year
(2004).

The growing cancer burden in Europe can be illustrated in many other ways, each telling of
individual suffering and loss, but also of a need to act collectively to eliminate this scourge:

2 1in 3 men and 1 in 4 women will be directly affected by cancer in the course of the
first 75 years of their life.

< 3000 people die from cancer every day in Europe.
2 Canceris the second main cause of death in Europe, after circulatory diseases.

By complementing public actions towards better health and by collaborating with local and
European authorities to fight cancer it is of utmost importance to coordinate this lobbying
activities in close cooperation with patients and patient cancer organisations. Today for
nearly every cancer a patient organisation is known. In the European context patients’
coalitions did form Cancer leagues, to provide support to cancer patients and their relatives,
and to improve the quality of treatments.

The Association of European Cancer Leagues (ECL)
(http://www.europeancancerleagues.org/) is a federation of national and regional Cancer
Leagues, made of either patients' coalitions or of cancer control professionals. The objectives
of the association are to improve communication, to promote, enhance and co-ordinate
collaboration between European leagues/societies and to foster fruitful activities between
European cancer leagues and organisations, in order to reduce the growing cancer burden in
Europe.

ECL is located in Brussels and is a non-for-profit association (asbl; association sans but
lucratif), under Belgian law. ECL was created in 1980, and consists of 31 members today,
located all over extended Europe (See Appendix 5 for a listing and details of members).

Regarding Paediatric Cancer the International Confederation of Childhood Cancer
Parent Organisations (ICCCPO) was founded in May 1994 in Valencia, Spain. ICCCPO is a
worldwide network of organisations of parents of children with cancer. The mission of ICCPO
is to share information and experience in order to improve access to the best possible care
for children with cancer everywhere in the world.

ECL as well as ICCCPO will be contacted by ACGT asking for collaboration and for providing
names of persons, who will attend Management Board Meetings of ACGT. These
representatives of the patient organisations should especially be enrolled in the discussion of
legal and ethical issues. The goal is to strengthen the collaboration between patients and
ACGT to foster fruitful activities in order to bring basic research faster into clinical practice.
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6.2.5 Regulatory Agencies

Regulators and auditors have an interest in ensuring that the ACGT systems meet their
reliability, performance, market, and financial obligations.

The purpose of this engagement is to assist regulatory commissions in understanding the
nature and need for a project that develops an industry-wide architecture and the problems
that arise from lack thereof.

6.2.6 Standards Bodies

The purpose of engagement with these groups is to gain acceptance and future
standardization of the concepts. Engagement with standards groups such as the IEEE, GGF,
and others is planned.

Also, clinical trials related standards bodies, such as the International Conference on
Harmonisation (ICH) which is a clinical trials related standard. The International Conference
on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human
Use (ICH) is a unique project that brings together the regulatory authorities of Europe, Japan
and the United States and experts from the pharmaceutical industry in the three regions to
discuss scientific and technical aspects of product registration.

The purpose is to make recommendations on ways to achieve greater harmonisation in the
interpretation and application of technical guidelines and requirements for product
registration in order to reduce or obviate the need to duplicate the testing carried out during
the research and development of new medicines.

The objective of such harmonisation is a more economical use of human, animal and
material resources, and the elimination of unnecessary delay in the global development and
availability of new medicines whilst maintaining safeguards on quality, safety and efficacy,
and regulatory obligations to protect public health.

Some issues that standards bodies and industry consortia can expand upon for the ACGT
team include:

= Drivers to harmonize standards in progress
= Needs to address standards integration on enterprise and industry levels
= Integration of standards initiatives and past work

= Drivers and needs to establish interworkability testing and other formal methods of
integration

= Integration of architecture methods with standards development activities

6.2.7 Market Participants

Market participants, as part of the User Community, have unique communication
requirements, reflecting their market-driven needs for timeliness, availability, and security of
many different types of information. These requirements are not always met, particularly as
the market environment, policies, and capabilities change over time.
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6.3 Requirements Analysis

6.3.1 Global requirements

In order to provide some assistance to meeting the objectives, it has been deemed useful to
enumerate a set of requirements and assumptions contextualizing the challenges of the
bioinformatics side of the ACGT project. Those requirements are the following:

6.3.1.1 Datarepositories

1.

Massive data production. Nowadays, many technological breakthroughs such as high-
throughput screening, sequencing and gene-expression monitoring technologies have
nurture the ‘omics’ revolution enabling a massive production of data; from raw DNA
sequence composition, tri-dimensional structural information and gene-expression data
about the dynamic behavior of genes under certain experimental conditions. Molecular
data production has shifted from one-gene experiments to whole genome scale.

Diversity, heterogeneity and dispersion. Although it is a commonplace statement that
the volume of data in molecular biology is growing at exponential rates, nonetheless, the
key characteristic of biological data is not so much its volume, but its diversity,
heterogeneity and dispersion, which make this plethora of interrelated information difficult
to use.

a. Diversity is related to the many different but related biological data types and the
number of different repositories regarding to each data type (sequences,
structures, gene-expression data, etc)

b. Heterogeneity is related to the different format in which the data are available
(most of them as plain text, images, video, etc). The various repositories
commonly have different data formats, access mechanisms and user interfaces,
which is in addition complicated by the different terminologies used.

c. Dispersion is related to the geographical location of data servers

Dynamic data production. Updates to local databases occur frequently, so the newest
data should be accessible, too (coarsely, four releases per year). In other words, the
contents of the local databases may be autonomously and locally maintained.

Data mirroring. ACGT system should ensure data availability by replication (data
mirroring). This situation needs database content synchronization in the different mirrors
at any time, which has to be ensured.

Change of repositories. In some cases the schemas of local repositories change (in
some cases even two or three times per year!). The ACGT database system should be
designed and maintained to meet local needs. Changes of the repositories must
guarantee data integrity and should be made possible independently of the integrated
database structure.

Biomedical database. The situation is even worse in the case of Medical Informatics in
which, despite the efforts and advances in the area of standards, a single model for
biomedical databases will not emerge, at least in the short term.
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6.3.1.2 Bioinformatics and other analytical service requirements

From the service provision perspective, bioinformatics is a highly dynamic environment in
which services arise dynamically when new algorithms are implemented and deployed in the
form of programs running on a server connected to Internet

A broad range of processes are available (/O and/or CPU bounded). Some processes
demand only few seconds to be completed but involve large input/output needs (similarity
database searching like Blast, Fasta, etc.); or on the other hand, they demand long CPU-
times to solve the problem (i.e. molecular dynamics).

Under these considerations some basic principles should guide the design of the ACGT
platform:

= Component-based (instead of monolithic approaches). Traditionally, bioinformatics
solutions are based on the combination of different tools and data (from different
sites) to produce a global insight into biological functions. In this regard, a small piece
of code specifically devoted to solve a given task can be combined and re-used in
different ways to produce the desired results.

= Bioinformatics research is mainly performed in a web-based working environment in
which users want to use services without regard for details such as localization,
implementation aspects, etc. Their only interest lies in the results they can provide or
get.

= Facilitate the incorporation of new high quality and high demanded services (with
controlled registry). A balance between the desirable expansion of the catalogue of
services and the quality they exhibit must be maintained. Only this can ensure the
success of the global offer. As new interesting services are multiplying dynamically
some rules for their integrated use must be observed.

= Uniform deployment of services should be provided: due to diversity, dispersion and
service heterogeneity, automatic procedures should be available to generate
corporate —yet customizable- user interfaces, help system, etc. in a standard, efficient
and friendly way.

= The system should be self contained, i.e. the necessary tools for entering data into
the system (in the user's own terms, whatever the design), or visualizing results,
should be provided by the platform.

= Service-discovering procedures should be supplied to promote automatic connection
and service pipelining. To allow this, a common scheme of reference (a semantic
description of data) should be established by means of a controlled registry of
services.

= Platform scalability should be provided by means of intelligent resource management
to allow increment on the number of services available and the tools provided.

= Robustness of the platform should be ensured by service and data replication at
different sites.

= Data and service coherence should be maintained independently of what, where,
when, how and by whom data or services are being used.
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= Enabling standard storage, secure access and exploitation of proprietary data should
help reduce overhead costs.

= Efficient use of computational resources should be achieved by intelligent
computational load distribution among the different instances of the same service (i.e
the “quality” of the service can be measured as function of the response time, and
instant computational load should be taken into account.

= Connectivity of the platform to external machine-to-machine procedures should be
considered. Apart from the traditional interactive use of the system, it is of interest to
provide a capability of automatic request for services without going through the GUI.
This would allow the inclusion of services in batch calls for large tasks or to proceed
with workflows or for re-engineering services by coupling simple code-pieces.

= [nteractive visualization. This is a key aspect on the capabilities of the platform to be
designed and —as it is supposed to be oriented- a web-based environment, which is
not especially suitable for this kind of task. So especial effort must be devoted to
address this issue in an efficient way.

=  Workflows as job-solving paradigm. Combining simple tasks services will allow the
dynamic and flexible inter-connection of services thus creating complex distributed
bioinformatics machines. This will expand the functionality and will enable the easy
incorporation of new procedures to customize the system for specific concerns.

= Ethical and legal issues have to be considered at any time and in all services that
store, distribute or integrate personal data or data that are connected to patients. This
is also a main aspect in dealing with biomaterial data.

6.3.2 Technical requirements resulting from the ACGT scenarios

In a clinical data analysis one typically starts with raw, uncurated data to reach a high-level
knowledge after analysis. This process typically relies on:

Ability to load data from different technological platforms (Affymetrix, Agilent, custom
spotted arrays, PCR data) and/or preprocessed data table.

Ability to associate clinical data to samples. Including ability to handle missing values,
and ability to track sample/patient/array associations.

Ability to address the required, by legislative and ethical requirements, anonymization
and privacy requirements.

Ability to apply various low-level analytical tools (e.g. normalization, background-
subtraction, QC of raw data) to check the quality of the raw data and ensure that they can
be compared.

Ability to store information about well known diagnostic/prognostic tools (e.g. in breast
cancer context: St-Gallen Consensus, NIH Consensus, NPI, 70-genes criteria).

9 1n the present context “low-level analysis” implies the dependence of the analysis tools on the choice of
technology (e.g. one- vs. two-color microarray technologies), while “high-level analysis” implies independence
from the technological platform; again in microarray context, once the expression matrix is obtained for all
genes, tools such as PCA, clustering, etc... can be applied independently from the platform.
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= Ability to use high-level analytical tools for exploratory and validation purpose (e.g. PCA,
clustering, logistic regression, cross-validation procedures, identification of genomic
duplications and/or deletions, etc...)

= Ability to integrate known information/annotation in the analysis, such as pathways,
literature information, gene ontology, etc. Such information must be in a format usable in
the analysis, e.g. as filtering criteria.

= Ability to use high-quality visualization tools (e.g. mouse-moveable 3D scatterplots,
pathways, visualization of expression in genomic context ...), and to easily produce
figures “ready for publication”.

= Ability to search for relevant publications.

= Ability to “script” analyses such that they can be easily repeated and/or extended, i.e.
defininion of elementatry workflows and their re-use.

= Some scenarios are “basic” scenarios in the sence that the required functionality is also
essential in other, higher level and more complex, scenarios. This fact reveals the
requirement to oechestrate “elementary workflows” and their invocation and integration
into more complex scientific workflows.

Each of these points requires specific tools which either already exist or which need to be
developed nearly independently from the others (once interfaces are defined).

6.3.3 Requirements and Use Cases for the ACGT Grid

A number of administrative use cases will be required and some have already been
identified"". These use cases do not directly follow from the user scenarios but rather result
from re-using experiences of other related Grid projects (e.g. caBIG, myGRID,
IntelliGrid,etc). Some of these use cases are:

2 Virtual Organisation setup and Management: This use case describes the process for
the creation of an ACGT Virtual Organisation and its management.

< Install ACGT Grid wizard: This use case describes the ACGT Grid installation on a
user’s computer.

o Startup: This use case describes the ACGT startup process triggered by either the
operating system or the ACGT user. During the ACGT installation, the user can select to
start the service automatically or manually. When automatic is selected, ACGT is
launched when the system boots up. When manual is selected, ACGT is launched by the
user from the command line.

2 Shutdown: This use case describes the ACGT shutdown process is triggered by either
the operating system or a user. The functionality will be command line.

< Configure Data Source and Domain: This use case describes how to configure the
ACGT Girid either locally or at the site level. The use case includes configuring new data
source and new domains to a local ACGT.

1 Similar use cases have been identified in caBIG, myGRID and a number of other Grid projects.
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o Setup Privileges: This use case describes the configuration and functionality of the
security component involved in ACGT Grid. The security identifies who can access what
data.

< Login Admin Tool: This use case describes the ACGT Grid login admin tool graphical
user interface (GUI) process.

6.3.4 The ACGT Master Ontology

The development of the ACGT master ontology involves the analysis of (a) the ontological
needs of the ACGT clinical scenarios and (b) the ontological foundations and coverage of the
existing terminologies and ontologies in the biomedical domain. Based on the analysis of (a)
and (b), it will become possible to craft an ontology that is able to function as a semantic
mediator between all systems to be integrated. All the classes and relationships of the ACGT
master ontology must be given a formal definition.

6.3.5 The ACGT Mediator

In enabling integrated acces to heterogeneous and distributed biomedical databases (local,
or public) necessitates the development and use of a mediating component (in conjuction
with the ACGT Master Ontology).

The mediator is a service enabling ‘ontology-based” integration of heterogeneous data
sources (which can be ACGT databases, external databases, web sources, web data
services) by providing a virtual view of all this data.

Users (including ACGT tools or services) asking queries to the mediator system do not have
to know about data source location, schemas, or access methods, because the system will
present one shared mediator ontology (ACGT master ontology) to the user and users will
ask their queries in terms of it.

6.3.6 Requirements and Use Cases for data access and analytical
services

A range of requirements and use cases have been identified following a top-down approach,
i.e. by analysing the overall vision of the project and taking into account results of other
similar projects and initiatives world wide technological stakeholders have identified several
needs and requirements as listed below.

6.3.6.1 Mapping and Advertisement

Advertise Analytical Service: This use case describes how ACGT Grid at a given site
publishes data services. That is, what domain objects is it going to serve and based on what
criteria.

Advertise Data Source: This use case describes how data sources at a given site are
published in the ACGT Grid. That is, what domain objects they expose, their metadata
descriptors, etc.

Configure Object to Ontology Mappings: This use case describes how to map Objects
fromthe Master Ontology with a local Data Source at the meta-data level. The mapping
process is between one object attribute from the object model fromthe Master Ontology with
one field-table from the data source. After the actor maps the data, the mappings persist and
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are subsequently used during local data retrieval. Object to data mapping can be launched
from the installation process or from an appropriate administration tool.

6.3.6.2 Query and Discovery

Query Data and Discovery Service: This use case allows the user to retrieve data from
multiple Data Sources. These Data sources are available through Advertisements/Services.

The actor should have the option to query the system in a number of different ways, e.g.
request data sources (local and remote), and request attributes, or request data. Using this
API, the ACGT client will be able to discover all Data Sources and the metadata that they
support.

Discovery is the process of one peer searching for another peer, in the same peer group,
that contains the desired content

6.3.7 Requirement for Semantically Discoverable Services and Metadata

As ACGT aims to connect data and tools from many disparate cancer centers and other
organisations developing and contributing analytical tools, a critical requirement of its
infrastructure is that it supports the ability of researchers to discover these resources.

ACGT will enable this ability by taking advantage of rich semantic descriptions of data
models and services that are available. Each service is required to describe itself using the
ACGT service metadata. When a service is connected to the ACGT Grid, it must register its
availability and service metadata with a central indexing registry service (Index Service or
Metadata Registry). This service can be thought of as the “yellow pages” and “white
pages” of ACGT. A researcher can then discover services of interest by looking them up in
this registry.

ACGT will provide a set of high-level APIs and user applications for performing this lookup
which greatly facilitates the process. As the Index Service contains the service metadata of
all the currently advertised and available services in ACGT, the expressivity of service
discovery scenarios is limited only by the expressivity of the service metadata.

This service metadata should contain information about the service-providing cancer center,
such as the point of contact and the institution’s name. Extending beyond this generic
metadata are two standards that are specialized for the two types of community-provided
services: Data Services and Analytical Services. The Data Service Metadata details the
Objects (as represented in the ACGT Master Ontology) being exposed by the service.
Similarly, the Analytical Service Metadata details the Objects involved and defines the
operations or methods the service provides. The input parameters and output of the
operations are defined by referencing the appropriate Object definition. In this way, both the
data and analytical services fully define the domain objects they expose by referencing the
Objects registered in Master Ontology.

6.3.8 Requirements for Workflows

The ACGT master ontology, along with additional service/workflow metadata and ontologies
will also be used for annotating services and ready made workflows (involved in wet lab
experiments). Service and workflow annotations provide information regarding the service
interface, functionality, provider, quality of service, etc. Annotated services and workflows are
registered in the service/workflow registry, organized in classes.
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Based on these annotations, and assisted by the service and workflow discovery module, the
user can semi-automatically compose new workflows. In a workflow, data and parameters
are given as input by the user to the top-level services. Then, their output (possibly
combined) is given as input to the next level services, and so on, until the final result is
derived by the bottom-level service.

The workflow composition component should ensure that the output-input interfaces of the
dependent services match. Once a workflow is composed, the user can execute it and store
the result in the Wet Lab DB, annotated with (i) metadata and ontology terms describing the
result, and (ii) provenance information (service invocation sequence, origin of data, dates,
etc.), and based on the provenance metadata and ontology.

The use of ontologies, metadata, wrappers and workflows in wet lab experiments is shown in
the figure below.
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Figure 9: The use of ontologies and metadata in ACGT

6.3.8.1 Using the right level of abstraction

Workflow users will typically want to use remote services at different levels of abstraction
depending on what they want to do. Some users will want to interact intimately with a specific
service to tweak parameters that determine the detailed nature of the results or to tune
performance. Other users will wish to be abstracted from these details since they are more
concerned with the overall orchestration of several services into a high-level flow and hence
want detailed workflows and specific invocation methods to be ‘wrapped’ up and delivered in
an easy to use form.

6.3.8.2 Workflow lifecycle

Use of workflow as part of a scientific endeavour requires support for the workflow lifecycle.
For example, a particular workflow will typically be authored, enacted, validated and modified
in an iterative cycle. Whole workflows, or workflow fragments, will be published and shared
so that others can use or learn from them, which in turn involves a process of annotation,
discovery and personalisation. Therefore, workflow authoring, versioning, and scientific
validation will be a key requirement from the ACGT technology platform.
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6.3.8.3 Semantic description of workflows

The required workflows and resources to be accessed and orchestrated for a particular post-
genomic study will not necessarily be known a-priori. Specification at a semantic level of the
resources and activities required should allow discovery of suitable resources and workflows
in a way that is abstracted from the syntactic details of data formats or invocation
mechanisms. The use of explicit and machine-readable semantics for the inputs, outputs,
and function of a workflow will increase the ability to share workflows since it allows
workflows to be indexed, browsed, and searched according to their overall purpose rather
than detailed syntax, data formats or service bindings.

6.3.8.4 Workflow provenance

Provenance is a fancy word that refers to an object's history, or who owned the object, when
and where. It is to an object what a deed trail is to a piece of land. Provenance is the origin or
source from which anything comes. The term is often used in the sense of place and time of
manufacture, production or discovery. Comparative techniques, expert opinion, written and
verbal records and the results of tests are often used to help establish provenance.

Use of workflows as part of scientific activity often require provenance data to be kept about
the activities performed during workflow execution (recording of intermediate data sets,
details of the specific service providers used, versions of data and tools involved,
interventions were made by the user). Provenance support is needed in the workflow
language (so that the required level of provenance can be specified); the systems used to
enact the workflows (so that the specified provenance data is generated during execution);
and data stores (so provenance data can be store d and subsequently retrieved).

6.3.9 Service Registry and Metadata

The system to be built for ACGT is expected to incorporate a multiple and diverse collection
of databases and tools. Preparing specific interfaces to access such long list of services
could represent an enormous effort. In our opinion, much of the strength of an integration
system lies in the ability to combine different applications over a set of data. For this, the
description of input/output objects must be coordinated and standardized by means of an
object-ontology in such a way that services can inter-connect, understanding what the output
from a previous process is. In the same way, services characteristics, i.e. metadata (aim,
location, authority, help documentation, parameters, etc...) must be defined and stored in
such a way that automatic engines can access this information to automatically build-up
services interfaces, launch and manage the user request.

6.4  Analytical tools to be integrated in the ACGT environment.

The preliminary list of tools that have been identified as required and should be considered
for inclusion in the ACGT environment is given in the “Tools description” section below. First
priority should be given to the following tools:

= Heatmaps and Interactive hierarchical clustering tool focusing on two-way clustering
(Possibly other clustering tools).
» [nteractive representation of data in genomic context

» Pathway visualization
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= “Gene” information visualization tool (problem: requires connection to “external”
knowledge bases).

Other tools are as important in their functionality but could be developed later. An extended
list of such tools is included in Appendix 2, which contains the result of an internal inquiry
regarding available tools used by project participants and of other tools that might prove
necessary to integrate them into the ACGT architecture, as additional requirements and user
scenarios are developed.

6.4.1 Tools description
6.4.1.1 Datainspection tool

Before going into higher level of analysis, data are usually inspected visually, e.g. to identify
outliers. Clinical data are usually represented in matrix form, values (e.g. microarray
expression value) vs samples.

6.4.1.1.1 Detailed specifications
Basic actions:

» Histograms, distribution and boxplots for all or a subset of samples
» Toggle-button between log2/non-log2 transformation

» For microarrays: background subtraction, normalization, visualization of raw data
according to the geometry of the chip, QC procedures (such as R’s AffyPLM)

6.4.1.2 “Gene” information visualization window

A generic tool to be developed is a feature data visualization tool. This tool can be reused
every time the user clicks on a graph to obtain information about a gene.

6.4.1.2.1 Detailed specifications

Given a feature (e.g. spot in a microarray experiment, or a gene in proteomics), its
annotation and the entire set of data in a clinical trial (or a subset of it), here are the basic
actions to be realized in the “gene” information window:

»= Provide the gene annotation

= View the gene expression in other samples in the trial

» |dentify pathways and other lists containing the gene

» Find other genes with similar expression pattern

» Link to external databases (Ensembl genome viewer, NCBI, etc...)

Example: GeneSpring’s Gene Inspector
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6.4.1.3 Heatmaps

Heatmaps are simple plots to represent data of matrix type. Static heatmaps can be
produced with R. Dynamic heatmaps would allow investigating the data in the matrix in a
more efficient way.

6.4.1.3.1 Detailed specifications

A simple heatmap object consists of a matrix of numbers (possibly with missing values) with
column and row names. A user-definable color scale is associated to the object (including a
special color for missing data).

Basic actions:

Clicking on a part of the graph would yield the column and row indices and names of
the heatmap cell, as well as the value in the cell. (Cell selection.)

Clicking-and-dragging over an area of the graph, yields vectors of column and row
indices and names, as well as the associated matrix of values. (Area selection.)

Zooming in and out

Extended actions:

» Double-clicking a row or column header opens a window containing a description of
the associated gene/sample/protein...

= Clicking on a row or column header selects that row or column.

= Control-click allows multiple selections.

= Right-clicking once a selection is done opens a contextual menu, allowing several
actions such as: Hiding the selection, Memorize the selection in a list to be returned
once the plot is closed, etc...

*= Axes and color scales should be user definable.
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6.4.1.4 Interactive hierarchical clustering tool

Hierarchical clustering is one of the basic tools in unsupervised genomic analysis. Both one-
and two-way clustering is used. A two-way clustering representation is essentially two one-
way clusters with a heatmap showing the clustered data matrix. Existing tools include:
Cluster/TreeView, GeneSpring, SpotFire.

6.4.1.4.1 Detailed specifications

One-way clustering.

Basic actions:

=  Selecting metric and clustering algorithm.

= Selecting a set of branches of the cluster returns the identifiers of the selected
genes/samples, as well as a structure describing the selected nodes in the tree
graph.

= The cluster representation must allow extra parameters associated with the branches
to be visualized.

= A vector of extra annotation can be provided and displayed.
Extended actions:
= Double-clicking on the leaf of a tree opens a gene/sample/protein... description
window.

Two-way clustering.

Basic actions:

= On clusters: same as one-way clustering

= On heatmap: same as above

Example: one-way hierarchical cluster with extra information associated to leafs.

6.4.1.5 k-means clustering and self-organizing maps.

k-means and SOM are tools frequently used in clinical data analyses. Features similar to
hierarchical clustering should be provided. Existing tools include: Gedi, GeneSpring,
SpotFire.

6.4.1.6 Interactive representation of data in genomic context

Visualizing gene expression as a function of the position of the genes on chromosomes is
essential in cancer research (e.g. in relation with identification of deleted/amplified regions).

6.4.1.6.1 Detailed specifications
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Given the genomic location (e.g. start and end nucleotide coordinates or cytoband location)
of a set of genes and an associated set of values (e.g. gene expression, differential gene
expression, significance,...), the user should be able to visualize the expression as a function
of the position of the gene on chromosomes. Whole-genome, single-chromosome view and
partial chromosome view should be available as options, with possibilities to zoom in and
out. Individual genes in the graphical representation should be clickable to obtain information
about their properties and annotation. Extensions: Amplicon/deletion detection algorithms
should be part of the tool, as well as the display of known translocations.

Example: Genome-wide visualization tool in GeneSpring.

oo EER—| . Mearecaton:

6.4.1.7 Interactive 2D and 3D visualization of data

2D- and 3D-plots are the basics of graphical data processing. Generic 2D and 3D
visualization tools should be developed, with specialized (subclass) versions for typical
applications in genomic context (e.g. MvA plots, Volcano plots in 2D, PCA visualization in
3D). Existing tools include: MayaVi/VTK, OpenDX, XGobi/Ggobi, Vis5d.

6.4.1.7.1 Detailed specifications

Given a set of coordinates (e.g. M and A value), an identifier (e.g. feature ID) for each point
and optionally a category identifier and an extra value (continuous, e.g. p-value) associated
to the point, the specifications of the viewing tools are:

For 2D plots:

= Zooming in and out
» Coloring the spots according to the category identifier and/or extra value.

»= Assigning a symbol according to the category identifier.
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= Selecting a set of points in the figure and dump the identifiers of the represented
data.

= Dumping the settings of the figure (e.g. axes boundaries) such that it can be
reproduced in a script.

= Double-clicking on a point of the figure to open a window describing the feature in
greater detail

For 3D plots:

= As for 2D plots plus,

= Rotating the figure.
6.4.1.8 Browsable visualization of data in DAG
Directed Acyclic Graphs (DAG) are a way to code hierarchically representable information,
representation being usually done in a tree-like fashion. One important DAG in the context of
the clinical studies is the Gene Ontology (GO) which represents the properties of the genes
with increasing detail the deeper one goes in the GO tree. Statistical parameters can be
associated with (so-called) GO nodes, e.g. comparing the number of times a GO term was
found associated with a list of genes found differentially expressed with the number of times
that GO term occurs on a microarray. (Note: In R the GOstat package is able to handle the

statistical aspects of the problem for the GO.) The developed tool should not be limited to the
Gene Ontology, but allow for any DAG-representable data structure.

6.4.1.8.1 Detailed specifications
Given a DAG, a set and a subset of data represented on the DAG.
Basic actions:

» Being able to represent DAGs in a tree-like fashion

= Being able to compute the significance of the nodes in the DAG when comparing a
given dataset against a reference, both annotated with the DAG.

» Selecting nodes and dump the associated features in a list.

6.4.1.9 Venn diagram tool
Venn diagrams are a very popular tools to identify genes common to two or three categories.
6.4.1.9.1 Detailed specifications
Given two or three lists of identifiers (and the corresponding list labels).
Basic actions:
= Build a Venn diagram.
» Produce list of identifiers in all regions of the graph.
6.4.1.10 Pathway visualization
Interaction pathways are the core of the molecular biology. Databases of known pathways

exist, as well as lists of one-to-one relationships between genes (e.g. through automatic
literature text mining). The user of the ACGT environment should be able to visualize his/her
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data in the context of these two sources of information. Two basic types of pathway problems
exist: (1) representing gene expression in fixed known pathways, and (2) construct
interaction pathways based on known (or putative) one-to-one interactions. A source of
pathway information maybe Biovista’'s database.

Existing pathway analysis tools are: Ingenuity Pathway Analysis, PathwayStudio.

Example: GenMAPP plot, based on existing pathway knowledge

Gene pathway built by GenMAPP
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Example: PathwayAssist plot (PA is the ancestor of PathwayStudio), based on one-to-one
interactions.
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6.4.1.10.1 Detailed specifications

Problem 1: Representing gene expression in the context of known pathways

Input information: list of genes and associated parameter (e.g. expression or significance),
pathway databases

Basic actions:

= |dentify the pathways with the biggest chance to be actually involved from the list.

= Let the user view the pathway with the genes in the list emphasized w.r. to the others
in the pathway (use a color scale to represent the associated values).

Problem 2: construct pathway based on one-to-one interactions.

Input information: list of genes, pathway databases
Basic actions:

= Construct an interaction pathway from the set of one-to-one gene interaction
database. Different threshold can be used: based on the quality of the one-to-one
interactions, based on the maximum distance between genes in the pathway, etc...

Features common to both problems:

= Double-clicking on the node of a pathway opens a window with detailed information
about the gene.
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= Producing a list of gene identifiers by selecting a set of nodes in the pathways (or
dump the entire set of genes in the pathway in a single list).

= User-definable position of the genes in the graph. (This information should be
storable such that the graph can be reproduced later.)

6.5 Conclusions

The presented requirements’ analysis is not adequate for detailed functional specification of
system components, since additional technical and functional specification activities are
required for this. On the other hand, adequate requirements have been presented and
analysed so that the Technical WPs of the Project begin their work.

This was infact foreseen in the ACGT DoW, in which functional specifications of application
required, data access services and analytical services is to take place within the technical
Workpackages of the Project. The presented future scenarios to be supported by the ACGT
technologies and the requirements elicited provide adequate material for all these WPs to
begin their detailed functional specifications and subsequently development of the required
applications and services.

Obviously continuous interaction between the various “Scenario Owners” and the technical
WPs will be required (See section “Volatility of Requirements” in Chapter 2) and this process
is to be continuously supported by the Project Management through appropriate mechanisms
(Project collaborative tools, i.e. WiKi, physical meetings and workshops, etc).
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PART 2

State of the art review of technological
domains relevant to ACGT
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7 State of the art review

7.1 Introduction

For the successful implementation of the project a large number of technologies need to be
seamlessly integrated. It is worth mentioning that ACGT is not a standard development
project but rather a standard adopting one. As a result, it is of particular importance to
provide a thorough state-of-the-art in the many domains related to ACGT. On the other hand
the project needs to advance state-of-the-art in a number of other scientific domains.

The main areas of relevance to the ACGT workplan are listed below and the corresponding
state-of-the-art review done in presented in subsequent chapters of Part 2 of this deliverable.
The areas and scientific domains reviewed, following a generic SoA review of current
integrated clinico-genomic studies for disease-specific diagnosis, prognosis and therapy
design, are:

1. Grid Computing, with emphasis on Grid Computing in the domain of
biomedicine.

2. Tools and techniques for the visual invocation and orchestration of services

3. Systems and standards for Clinical Trial Management Systems

4. Tools for the creation and management of clinical trials

5. Tools and techniques for the analysis of biomedical data

6. Approaches to the Integration of heterogeneous Databases

7. Biomedical Ontologies, Terminologies and databases relevant to Oncology

8. In-Silico Modelling and Simulation of tumour response to therapy

9. Data Minining and Knowledge Discovery

10. Metadata Standards

11. Workflow Management and enactment systems

12. Interactive 3D Visualization
In addition to these and based on the ethical and legal constraints of the domain which is
presented in Chapter 21, a robust security architecture needs to be defined. The related
state of the art is presented in Chapter 22.
The section concludes with a state of the art review related to Online training standards and

platforms and Grid Portals, which are also an essential part of the ACGT workplan and
envisioned environment.
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8 Challenges in integrated “-omic” studies

8.1 Introduction

An objective of the new biomedical informatics technology is to clarify the sensitivity and
specificity of genomic medicine. In this context, exploratory analyses is the process of
generating hypotheses that are later supported (or not) by the data (e.g. hypothesis: gene x
is responsible for a side effect of drug y). The task of validating these hypotheses is done by
means of clinical trials. Many clinical trials have problems because they cannot gather
enough information to draw sound conclusions in a timely manner — this applies not only to
the number of patient subjects but to the lack of links between clinical and genomic patients’
data.

We can safely assume that this problem will be aggravated by looking at smaller and smaller
groups of patients defined by many genetic characteristics and for this reason it is necessary
to provide solutions such as seamless access to much larger databases so that
citizens/patients with the appropriate genetic features will be more readily identified. New
clinical trials must be carefully designed to include genomic and proteomic data. High-quality
biomedical databases are urgently needed to provide a sound scientific basis for diagnostic,
treatment stratification and predictive tests.

ACGT will contribute to the alleviation of these problems by allowing for discoveries in the
laboratory to be quickly transferred to the clinical management and treatment of patients and
obtaining societal benefits. In former times, the discovery of diseases such as tuberculosis or
diabetes did not lead to immediate therapies. In some cases, an elapse of more than 60
years was needed to improve therapeutics. New technologies such as in-silico
experimentation, Grid or data and text mining are contributing to reduce these periods of
time.

In the following section we provide a SoA review in the domain of integrated ‘-omic’ studies
for disease-specific diagnosis, prognosis and therapy design and the existing challenges.
The objective been, for the readers of this document, to understand the mainy challenges
ahead and the relevance of all of the technological domains reviewed thereafter, in truly
integrated studies, i.e. studies requiring access, integration, analysis and presentation of
multilevel biomedical data. Several cases and international studies are described presenting
working hypothesis that the joint analysis of genomic and proteomic data will provide more
information for modelling disease susceptibility than either analysis alone.

8.2 Therole of integrated “-omic” studies in disease prognosis

and diagnosis

“Genome sequencing along with other advances, such as the development of DNA
microarrays [FOD1997; SCH1996; BRO1999], which allow the simultaneous measurement
of the expression of every single gene in a cellular genome, and high-throughput mass
spectral analysis of proteins [LOP2003; GEV2003; MAN2003; WAN2003; JON2003],
metabolites [ROE2000; FIE2000; ROE2001; TAY2002] and isotopic tracer distribution
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patterns [CHR1999; FIS2003; WIT2001; KLA2003], have challenged the conventional
paradigm of biological research.

Rather than examining a small number of genes and/or reactions at any one time, we can
now begin to look at gene expression and protein activity in the context of networks and
systems of interacting genes and gene products. Because our knowledge of this domain is
still largely rudimentary, investigations are now routinely moving from being “hypothesis-
driven” to being “data-driven” with analysis based on a search for biologically relevant
patterns. These technological advances have created enormous opportunities for
accelerating the pace of science. One can now envision the possibility of obtaining a
comprehensive picture of the mechanisms underlying the cellular function, its regulation, and
the interactions of an organism with its environment” [KLA2003].

In the area of disease prognosis and diagnosis, it becomes apparent that modern high-
throughput techniques could assist in the elucidation of single or rather groups/profiles of
sensitive molecular (bio)markers of a particular disease contributing greatly in the
development of early, disease-specific, accurate diagnosis, but even further to the
development of appropriate drugs or other therapeutic treatments. Among the longer-term
goals is the reconstruction of the biological interaction networks underlying a particular
complex disease and its evolution, which will provide eventually the basis of in silico models
of cellular function enabling the doctor to test a particular drug and/or therapeutic treatment
and identify the right dose and/or combination of therapeutic strategies personalized for each
patient and his/her particular medical history and body function/model.

“While the greatest attention has been to-date paid to gene sequence and transcriptional
expression analysis using microarrays, it is becoming increasingly clear that these alone
cannot be used to accurately determine cellular function. Rather, a comprehensive analysis
of biological systems requires the integration of all fingerprints of cellular function: genome
sequence, maps of gene expression, protein expression, metabolic output, and in vivo
enzymatic expression (activity). While each of these has significant value on its own, the
picture that emerges from any single approach is quite limited in nature. Gene transcription is
a necessary but not sufficient condition for high in vivo protein expression. Regulation of
translation, RNA and protein stability, and post-translational modifications can alter the linear
relationship between message and the corresponding protein [SER2003; R0OS2003;
REH2003]. Additionally, a protein could be present in high concentration, but it may lack the
requisite conditions (substrate concentration, cofactors, etc.) for activity in the actual cellular
environment [FEL1997; STE1998b]. Integration of all of these profiles for a systematically
perturbed cellular system can provide insight about the function of unknown genes, the
relationship between gene and metabolic regulation and even the reconstruction of the gene
regulation network [IDE2001; KLA2003].

This need for integration is to some extent clear in the case of complex, multifactorial
diseases/ traits, such as obesity, diabetes, hypertension, schizophrenia (and other diseases
of the nervous system, including Parkinson’s and Alzheimer’s) and cancer. Cancer in general
and breast cancer in particular is a highly complex and heterogeneous disease which
involves a succession of genetic changes that eventually results in the conversion of normal
cells into cancerous ones. Hanahan and Weinberg [HAN2000] have proposed that human
tumours are governed by a common set of six acquired capabilities;

1) self-sufficiency in growth signals;

2) insensitivity to anti-growth signals;
3) evasion of apoptosis;
4) limitless replicating potential;
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5) sustained angiogenesis; and

6) tissue invasion and metastasis.

It is obvious that a complete knowledge of these processes requires the integration and
analysis of massive amounts of data as is being collected from current genomic, proteomic
and metabolomic platforms [HOO2004]. But it is not only the multiplicity of the factors (and
cellular levels) contributing to a particular disease framework that imposes approaching the
problem in a systematic way. Even for Mendelian genetic disorders, nearly all of which have
now been correlated with a specific gene or set of genes [HOH2004] due to remarkable
advances in gene mapping and bioinformatics, the relationship between genotype and
phenotype is not as simple as expected (and/or currently treated) [SCR1999; LAI2004]. One
can assume — and this concept has dominated bioinformatics analysis practices to-date —
that a typical corollary of the central dogma of biology is that phenotype is determined solely
by the action of proteins. Adhering to such a model could lead to the hypothesis that
measurement of protein levels, and in lack of such large-scale ability to-date, of gene
expression levels, alone would be perfectly predictive of a disease. This approach, however,
disregards the fact that the different levels of cellular function are also governed by “local”
control mechanisms that disrupt the linear relationship between gene expression, protein
concentration and reaction rate, while they can affect each other along the “classical’
direction of the central dogma, but in a feedback manner as well. These “deviations” from the
linear scheme and single direction of the central dogma have been very well documented
[MAT2003]. Simply, environmental influence initiates a cascade of signalling reactions (main
subject of proteomic research), ending at the activation of certain transcription factors, i.e.
proteins, which regulate the expression of the genes. Members of the long interspersed
Element-1 (Line-1) family encode the necessary products to ensure retrotranscription. Small
interfering RNAs mediate post-transcriptional gene silencing via the RNA interference
pathway. Proteins regulate other proteins via ubiquitin functioning in degradation. Outside
environmental influences affect the distribution of metabolic fluxes/reaction rates, which in
sequence affects the expression of certain genes. It becomes clear then that revealing the
mechanisms underlying complex diseases/cellular mechanisms requires combined
information from all levels of cellular function. It is evident that measuring gene expression
and/or protein concentration and/or metabolite concentration alone might miss vital
information reflecting the complexity of biological systems.

Despite the importance of integrated genomic, proteomic and metabolic studies, very few
experiments have been done to date that actually combine information from multiple cellular
profiles. More recent work has focused on one analysis of a single data type [NEV2003], or
at best a combination of genomic and proteomic profiles [IDE2001].

It needs to be underlined that in the case of disease diagnosis, there is no published
integrated study to-date. “One of the main reasons is that we presently lack both the
conceptual understanding and the computational tools that would allow the identification of
cause-effect relationships between the gene and protein expression and phenotypic profiles.
The development, however, of algorithms to address these questions cannot be
accomplished in the absence of experimental data that monitor the cellular physiology under
a variety of conditions at all stages of growth and levels of cellular function. Taking into
consideration the different time-scales of the various biological processes, it is therefore very
important to carefully design experiments that can provide comparable gene expression,
protein production and metabolic function data that can lead to useful results. This will be
closely tied to technological developments aiming at increasing and improving the
experimental techniques and computational methodologies for the quantitative measurement
of the cellular physiological state at each level of cellular function” [KLA2003].
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Tight to the last sentence is the fact that many challenges in quantitative high-throughput
analyses at each individual cellular level still exist [KAN2005]. Therefore, before any
integrated analyses could be attempted in a serious way, these challenges need to be
resolved. They range from limitations in the available experimental protocols, to lack of data
analysis techniques for upgrading the information content of the acquired data. In addition,
“holistic analyses of biological systems require a change in the way in which questions are
approached in the biological sciences. Collecting, managing, and analyzing comparable data
from various cellular profiles requires expertise from several fields that transcend traditional
discipline boundaries, including engineering and computer science, statistics and applied
mathematics, and chemistry, physics, and biology” [KLA2003]. This might be the most
significant challenge, but the also the greatest opportunity for raising the next generation of
systems biology researchers who will be able to work, interact and produce in a highly
interdisciplinary environment which will certainly lead to novel discoveries and inventions.

In the next three sections, we present in brief the current state-of-the-art in the fields of
genomics/transcriptomics, proteomics and metabolomics focusing, if studies have been
reported, in disease diagnosis/prognosis in general and in cancer research, in particular. In
the final paragraph, we discuss the directions and the current and in the near future
anticipated technological, computational and analytical challenges associated with the
integrated —omic studies.

8.3 Genomics/Transcriptomics and Disease Prognosis/Diagnosis

New genetic and genomic tools have revolutionized the way in which multifactorial diseases
are investigated. Genotyping of vast numbers of genetic polymorphisms in large populations
is very important for the identification of the etiologically relevant mutations. Many of these
mutations have been discovered as a direct result of recent monumental advances in high-
throughput genome screening techniques. These techniques use the recently completed
human genome sequence to construct array-based platforms, including expression arrays,
exon arrays, sequencing arrays and single nucleotide polymorphism (SNP) arrays
[DOB2003].

However, once disease-associated genes have been identified, functional validation
approaches are crucial to confirm the role of the candidate genes in diseases process. On
the other hand, expression profiling can be an effective approach for developing disease
diagnostics, predicting the prognosis of a particular, multifactorial disease and for the
identification of abnormally regulated genes and signalling pathways that contribute to
cellular dysfunction and disease and therefore they are expected to result in the identification
of strong candidate targets for diagnosis and therapeutic intervention [REI2006]. Thus far,
whole genome expression analysis has been successfully applied primarily to numerous
forms of cancer [DYB2004; NAM2004; PET2004; LI2004; WO02004; MAZ2004], including
breast cancer [YAN2006; for review see NAG2006].

8.4  Proteomics and Disease Prognosis/Diagnosis

It is clear that regulation of translation, protein and RNA stability and posttranslational
modifications can affect and alter the linear relationship between message and the
corresponding protein. Proteomics refers to systematic study of every protein and protein
modification produced by the cell. Proteomic technologies include those that require “a priori”
hypothesis and are not based on mass spectrometry such as tissue, protein and antibody
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microarrays and those approaches that take advantage of the ability of mass spectrometry to
separate peptides and proteins according to their mass-to-charge-ratio. Usually mass
spectrometry-based proteomics include an initial phase of protein separation commonly
performing 2-Dimensional gel electrophoresis (2D) or currently performing differential in-gel
electrophoresis (DIGE).

After successful separation of proteins and subsequent isolation and digestion further forms
of proteomic technologies are used. These are 2 dimensional gel electrophoresis — matrix-
assisted laser desorption /ionization time-of-flight mass spectrometry (2D-MALDI-TOF-MS)
and alternatives to TOF as Q-TOF and TOF/TOF. 2D gel -electrospray ionization tandem
mass spectrometry (2D-ESI-MS/MS) uses electrospray ionization (ESI). Alternatively MALDI
2D-LiquidChromatography-Mass Spectrometry (2D-LC-MS or alternatively to MS tandem
mass spectrometry (2D-LC-MS/MS)) can be used. Recently TIGE began to substitute 2D in
the above technologies in a wide range of studies since it improves speed, sensitivity and
reproducibility of the obtained data [for review see BEROG].

Also, other mass spectrometry-based and non gel-based proteomic approaches have been
developed and used in several tumour samples with good results in terms of diagnostic or
prognostic classification [YAN2003; CHA2004; SCH2005; PAW2006] such as Isotope-Coded
Affinity Tagging (ICAT) and Multidimensional Protein Identification Technology (MudPIT)
coupled with MS/MS or MALDI/MS while alternatively to MS/MS and MALDI/MS, surface
enhanced laser desorption/ionization time-of-flight mass spectrometry (SELDI-TOF-MS) has
been used to profile clinical biological fluids such as serum, saliva, and cerebrospinal fluid to
identify protein profiles that are diagnostic or prognostic indicators of disease course
[PET2002; KOZ2003; WON2003; HAN2003; KO0O2004; ZHA2004]

The development of proteomic technologies is still in its infancy and their effectiveness is
limited because of the complexity of sequences present and the vast number of possible
posttranslational modifications. On average, each mammalian transcript encodes ten
different protein isoforms which might be differentially regulated at the protein rather than the
mRNA level, greatly increasing, consequently, the complexity of genome and the potential
information available. Thus far, cancer has served as the model disease for the application of
proteomics to human disease [for a review see BER2006]. Since, in most cancer forms, the
affected tissue is clonally derived and relatively homogenous with respect to the cellular
phenotype, proteomic technologies have resulted in the identification of novel protein
biomarkers that will be useful for early diagnosis, prediction of outcome and monitoring of
disease course for multiple forms of cancer [RAI2004; ROD2004].

Moreover, proteomic approaches can be greatly advantageous on biofluids since these
tissues are more easily available than affected tissues and can be screened rapidly to
identify protein profiles indicative or either predictive of currently developing or ongoing
diseases processes or even for the therapeutic follow-up of patients [PET2002; LI12002;
PUZ2004; HEI2005; HU2005; SHI2006]. However, once a protein is present in normal levels,
the lack of the precise requisite conditions (substrate concentration, cofactors, etc.) can alter
its activity in the actual cellular environment.

8.5 Metabolomics/Metabolic Flux Analysis/Pharmacokinetics

Metabolomic profiling is the — most recently introduced [FIE2000; ROE2000], but one of the
currently fastest growing- high-throughput platforms for the analysis of the cellular metabolic
fingerprint. It refers to the simultaneous quantification of the (relative) concentration of the
free small metabolite pools of a biological system [KAN2005] and provides a phenotypic
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correspondent of the high-throughput transcriptional and proteomic profiles [FIE2000]. In
comparison to genomics and proteomics one advantage of metabolomics is that the human
metabolome is estimated to be relatively small (approximately 2,500 unique molecules)
[RYA2004] in comparison with the 30,000 genes in the human genome (which are then
multiplied through alternate splicing and promoters) as assessed in gene array profiling.

Taking into consideration that changes/differences in the in vivo enzymatic activity between
biological systems due to their different responses to certain perturbations and/or their
different function are expected to be directly reflected in their metabolomic profiles, the
importance of metabolomic profiling analysis becomes quite apparent. “As it is highly unlikely
that we will ever be able to develop an in vivo enzymatic activity chip, mapping the flux
distribution through a metabolic reaction network [STE1998] is the closest phenotypic
equivalent to the type of data we can measure from available techniques for gene and
protein expression. Fluxes are determined indirectly from the measurement of net excretion
rates of extracellular metabolites and/or the use of isotopically labelled substrates
[STE1998]. However, all comprehensive methods for the analysis of complex metabolic flux
networks are presently primarily based on steady-state or pseudo-steady-state assumptions
in lack of accurate and extensive quantitative measurements of the intracellular metabolite
concentrations and their isotopic tracer distribution. Metabolomic profiling is still at its
development and standardization stage regarding data validation, normalization and analysis
[KAN2005]. Advances in metabolic profiling [FIE2000; ROE2000, ROE2001] defined as the
qualitative and quantitative detection (by Nuclear Magnetic Resonance Spectroscopy or
Mass Spectrometry) of low-molecular-weight metabolites from the breakdown of the cellular
macromolecules, are expected to enhance our understanding of metabolite activity under
transient conditions [FIE2003; HAN2003]. This will lead to an increased number of integrated
genomic and metabolic studies, which have been currently limited by the lack of flux analysis
methodologies for transient physiological conditions. Furthermore, technological and
computational developments for metabolic characterization at the microscale [JOH2003] will
increase dramatically the number and type of examined physiological conditions opening
enormous opportunities in the area of comparative biological studies.” [KLA2003].

Metabolomic profiling was initiated in plant research, where it has been widely used, while
only recently it has been applied in bacterial [e.g. KOE2006] and mammalian systems [e.g.
UDD2005]. In many biological systems, to which metabolomics has not been widely or even
at all used to-date, the questions still concern the initial steps of the experimental protocol,
i.e. raw material quantity, selection, acquisition or potential fixation/treatment. Up today,
metabolomics is typically performed in biofluids and can be useful for physiological
evaluation, drug safety assessment, drug therapy monitoring and diagnosis of human
diseases [LIN2004]. Given the novelty of this technology applications to cancer disease have
not yet begging.

8.6  Holistic “omic” studies: Current Challenges and Directions

It is obvious that efficient use of the large quantity of data generated from systems
biology/integrated “omic” studies requires development of extended databases that can
effectively capture and integrate genomic proteomic and metabolomic data [KLA2003].
Currently, there exist databases that store DNA and protein-sequence data, protein three-
dimensional structure and metabolic pathway structure and stoichiometry, but it is still quite
challenging to link information across these diverse resources. Furthermore, these
databases should be expanded to accommodate gene and protein expression along with in
vivo metabolic activity data representing the different phenotypes of multifactorial disorders
as cancer. The notion that integration of multiple data types is the only way to truly represent

13/09/2006 Page 120 of 436



ACGT D2.1 - User requirements and specification of the ACGT internal clinical trial

a complex system flows naturally from the complexity revealed as biologists gain a deeper
understanding of common disease aetiologies. A simple model of integrating different data
sets from genomic and proteomic data has been developed by Reif and coworkers
[REI2004]. This study presents for the first time a working hypothesis that the joint analysis of
genomic and proteomic data will provide more information for modelling disease
susceptibility than either analysis alone. In the context of simulations performed in this study,
it is concluded that the availability of multiple type of data is beneficial when the
understanding etiological cause-mechanisms of a particular disease are complex and one or
more of the functional variables are missing.

Moreover, there is a clear need for the development of data visualization and mining
software that can be used with diverse data types to explore the relationships that exist and
to infer the presence of biological reaction networks/mechanisms (KLA2003]. Such a system
would integrate gene annotation and a variety of expression data to allow the visualization of
(metabolic) reaction pathway activity at the transcriptional level, connecting each gene to the
reactions that are catalyzed by the protein it encodes. “If one assumes a direct correlation
between changes in gene expression and associated enzymatic activity reflected by
metabolic output (an assumption in obvious need of verification), gene expression data
should allow the formulation of a tentative metabolic (or bio reaction in general) network to be
further confirmed by the in vivo (metabolic) reaction pathway activity as it is measured in
terms of metabolic fluxes or intracellular metabolite or protein concentrations. Any observed
inconsistencies, such as high levels of gene expression without a corresponding change in
metabolic activity, or the converse, will provide powerful leads to assist in developing verified
causal relationships of consequence to overall cell behaviour” [KLA2003]. The contribution of
such combined data visualization, integration and combined analysis frameworks in disease
prognosis/diagnosis through the identification of biomarkers and reconstruction of networks
of cellular mechanisms and correlations of parallel-occurring phenomena, which would have
been impossible otherwise, becomes quite obvious. The main objective of ACGT is the
development of such a framework in the context of breast cancer research.

Advances and success in predicting disease outcomes based on studies involving existing
therapeutic strategies are major steps in the process of bringing systems biology information
to clinical practice. It is obvious that we are say goodbye to a past where the patient received
the best treatment based solely on historical clinical efficacy data obtained from large
populations of patients but without any specific prediction of individual response. We are
entering an era where each and every patient will receive individualized therapy based upon
the key signalling pathways driving each specific breast cancer form; a systematic integrated
platform approach incorporating all “-omics” data sets is critical for moving towards this goal.

8.7 Gene Testing, Pharmacogenomics, and Gene Therapy

DNA underlies almost every aspect of human health, both in function and dysfunction.
Obtaining a detailed picture of how genes and other DNA sequences function together and
interact with environmental factors ultimately will lead to the discovery of pathways involved
in normal processes and in disease pathogenesis. Such knowledge will have a profound
impact on the way disorders are diagnosed, treated, and prevented and will bring about
revolutionary changes in clinical and public health practice. Some of these transformative
developments are described below.
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8.7.1 Gene Testing

DNA-based tests are among the first commercial medical applications of the new genetic
discoveries. Gene tests can be used to diagnose disease, confirm a diagnosis, provide
prognostic information about the course of disease, confirm the existence of a disease in
asymptomatic individuals, and, with varying degrees of accuracy, predict the risk of future
disease in healthy individuals or their progeny.

Currently, several hundred genetic tests are in clinical use, with many more under
development, and their numbers and varieties are expected to increase rapidly over the next
decade. Most current tests detect mutations associated with rare genetic disorders that
follow Mendelian inheritance patterns. These include myotonic and Duchenne muscular
dystrophies, cystic fibrosis, neurofibromatosis type 1, sickle cell anaemia, and Huntington’s
disease.

Recently, tests have been developed to detect mutations for a handful of more complex
conditions such as breast, ovarian, and colon cancers. Although they have limitations, these
tests sometimes are used to make risk estimates in presymptomatic individuals with a family
history of the disorder. One potential benefit to using these gene tests is that they could
provide information to help physicians and patients manage the disease or condition more
effectively. Regular colonoscopies for those having mutations associated with colon cancer,
for instance, could prevent thousands of deaths each year.

Some scientific limitations are that the tests may not detect every mutation associated with a
particular condition (many are as yet undiscovered), and the ones they do detect may
present different risks to different people and populations. Another important consideration in
gene testing is the lack of effective treatments or preventive measures for many diseases
and conditions now being diagnosed or predicted.

Revealing information about the risk of future disease can have significant emotional and
psychological effects as well. Moreover, the absence of privacy and legal protections can
lead to discrimination in employment and insurance or other misuse of personal genetic
information. Additionally, because genetic tests reveal information about individuals and their
families, test results can affect family dynamics. Results also can pose risks for population
groups if they lead to group stigmatization.

Other issues related to gene tests include their effective introduction into clinical practice, the
regulation of laboratory quality assurance, the availability of testing for rare diseases, and the
education of healthcare providers and patients about correct interpretation and attendant
risks.

Families or individuals who have genetic disorders or are at risk for them often seek help
from medical geneticists (an MD specialty) and genetic counsellors (graduate-degree
training). These professionals can diagnose and explain disorders, review available options
for testing and treatment, and provide emotional support. (For more information, see
Medicine and the New Genetics)

8.7.2 Pharmacogenomics: Moving Away from “One-Size-Fits-All”
Therapeutics

Within the next decade, researchers will begin to correlate DNA variants with individual
responses to medical treatments, identify particular subgroups of patients, and develop drugs
customized for those populations. The discipline that blends pharmacology with genomic
capabilities is called pharmacogenomics.
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More than 100,000 people die each year from adverse responses to medications that may be
beneficial to others. Another 2.2 million experience serious reactions, while others fail to
respond at all. DNA variants in genes involved in drug metabolism, particularly the
cytochrome P450 multigene family, are the focus of much current research in this area.
Enzymes encoded by these genes are responsible for metabolizing most drugs used today,
including many for treating psychiatric, neurological, and cardiovascular diseases. Enzyme
function affects patient responses to both the drug and the dose. Future advances will enable
rapid testing to determine the patient’s genotype and guide treatment with the most effective
drugs, in addition to drastically reducing adverse reactions.

Genomic data and technologies also are expected to make drug development faster,
cheaper, and more effective. Most drugs today are based on about 500 molecular targets;
genomic knowledge of the genes involved in diseases, disease pathways, and drug-
response sites will lead to the discovery of thousands of new targets. New drugs, aimed at
specific sites in the body and at particular biochemical events leading to disease, probably
will cause fewer side effects than many current medicines. Ideally, the new genomic drugs
could be given earlier in the disease process. As knowledge becomes available to select
patients most likely to benefit from a potential drug, pharmacogenomics will speed the design
of clinical trials to bring the drugs to market sooner.

8.7.3 Gene Therapy, Enhancement

The potential for using genes themselves to treat disease or enhance particular traits has
captured the imagination of the public and the biomedical community. This largely
experimental field—gene transfer or gene therapy—holds potential for treating or even curing
such genetic and acquired diseases as cancers and AIDS by using normal genes to
supplement or replace defective genes or bolster a normal function such as immunity.

More than 600 clinical gene-therapy trials involving about 3500 patients were identified
worldwide in 2002." The vast majority take place in the United States (81%), followed by
Europe (16%). Although most trials focus on various types of cancer, studies also involve
other multigenic and monogenic, infectious, and vascular diseases. Most current protocols
are aimed at establishing the safety of gene-delivery procedures rather than effectiveness.

Gene transfer still faces many scientific obstacles before it can become a practical approach
for treating disease. According to the American Society of Human Genetics’ Statement on
Gene Therapy, effective progress will be achieved only through continued rigorous research
on the most fundamental mechanisms underlying gene delivery and gene expression in
animals.
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9 Biomedical Grid Computing

The Grid is widely seen as a step beyond the Internet, incorporating pervasive high-
bandwidth, high-speed computing, intelligent sensors and large-scale databases into a
seamless pool of managed and brokered resources, available to industry, scientists and the
man in the street.

The name, Grid, draws an analogy between the pervasive availability of electrical power and
that of computing and data coupled with mechanisms for their effective use. The potential
benefits and social impact of the Grid are very great. For the scientist, the Grid will enable
large-scale scientific collaborations.

Grid systems and applications aim to integrate, virtualise, and manage resources and
services within distributed, heterogeneous, dynamic “virtual organizations”. The realization of
this goal requires the disintegration of the numerous barriers that normally separate different
computing systems within and across organizations, so that computers, application services,
data, and other resources can be accessed as and when required, regardless of physical
location.

Grid computing enables the virtualization of distributed computing over a network of
heterogeneous resources—such as processing, network bandwidth and storage capacity—
giving users and applications seamless, on demand access to vast IT capabilities.
Leveraging open standards, it enables computing capacity to be dynamically procured and
released based on variations in peak loads—offering business value in day-to-day operations
as well as disaster response and recovery.

Grid computing provides a novel approach to harnessing distributed resources, including
applications, computing platforms or databases and file systems. Applying Grid computing
can drive significant benefits by improving information access and responsiveness, and
adding flexibility, all crucial components of solving the data warehouse dilemma.

Rather than bringing data to a data warehouse where it sits hoping to be used, a federated
solution can maintain the data at its points of origin. Federated solutions help to address the
size and complexity of data ware-houses by applying a logical model to the existing physical
infrastructure instead of imposing a new data warehouse environment. Information Grid
technology—which gives users and applications security-rich access to virtually any
information source, anywhere, over any type of network—supports sharing of data for
processing and large-scale collaboration. It also helps bring the federated model to
distributed and complex data sources.

Grid computing, also, intfroduces a new concept to IT infrastructures because it supports
distributed computing over a network of heterogeneous resources and is enabled by open
standards. As a result, new and innovative approaches are evolving for harnessing the vast
and unused computational power of the world's computers and direct it at research designed
to help unlock genetic codes that underlie diseases like AIDS and HIV, Alzheimer's and
cancer. A good example of this process is the World Community Grid.

Building on both Grid and Web services technologies, the Open Grid Services Infrastructure
(OGSI) defines mechanisms for creating, managing, and exchanging information among
entities called Grid services. Succinctly, a Grid service is a Web service that conforms to a
set of conventions (interfaces and behaviours) that define how a client interacts with a Grid
service. These conventions, and other OGSI mechanisms associated with Grid service
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creation and discovery, provide for the controlled, fault-resilient, and secure management of
the distributed and often long-lived state that is commonly required in advanced distributed
applications.

Examples of biomedical Grid-related projects, with which the project intends to liaise and
utilise available work, are:

Cancer Biomedical Informatics Grid (caBIG): It is a cancer-based biomedical informatics
network developed by NCICB. caBIG aims to connect cancer related data sources, tools,
individuals, and organizations, and to help redefine how research is conducted, care is
provided, and patients and participants interact with the biomedical research enterprise.

Biomedical Informatics Research Network (BIRN): The project aims at federating
neuroimaging data. BIRN is deploying compute-storage clusters at research and clinical
sites around the United States and is deploying Grid middleware to enable the integration
of neuroimaging data from multiple locations for the proposes of research and, ultimately,
improved clinical care.

Shared Pathology Informatics Network (SPIN): The SPIN initiative at NCI develops an
Internet-based software infrastructure to support a network of tissue specimen datasets
and associated clinical and pathologic data, needed for cancer research.

MEDIGRID: The project is financed by the French Ministry of Research and investigates
the application of Grid technologies for manipulating large medical image databases.

MyGRID: It is a UK EPSRC-funded e-Science pilot project that has developed a
comprehensive loosely-coupled suite of middleware components specifically to support
data intensive in silico experiments in biology. The project focuses on the semantically
rich problems of dynamic resource discovery, workflow specification, and distributed
query processing, as well as, provenance management, change notification, and
personalization.

BioMOBY: This project aims to develop web services architecture for bioinformatics. In
phase two of the BioMOBY project, the plan is to combine web services and the semantic
web.

Chinook: It is a peer-to-peer bioinformatics platform whose goal is to facilitate the
exchange of analysis techniques and resources within a local community and worldwide.

DiscoverySpace: This project provides a graphical user interface for visualization and
analysis of DISCOVERYdb, a centralized data warehouse. The software allows the
analysis of biological data without the need for the researcher to access multiple data
sources and formulate complex Structured Query Language (SQL) queries and scripts.
Its primary focus is for interpreting Serial Analysis of Gene Expression (SAGE) data.

The most important of these projects and their achievements todate are presented in the
following sub-section.
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9.1 International Projects and Initiatives relevant to ACGT

A large number of Grid related projects have produced results that may prove useful in the
context of ACGT. See http://www.Gridstart.org/index.shtml for a detailed list of Grid related
projects.

Of specific importance and relevance to ACGT are specific Grid related projects in the
domain of Biomedical Informatics Grid and e-science Grid. Below is a short presentation of
such projects and their key contributions and results to date — which will be fully explored and
utilised by the ACGT project.

The description of the caBIG, the mGrid and BRIDGES projects, their objectives,
architectrure and services developed, which are presented in the following sub-sections was
made by using published scientific papers by these projects and by using the available
information in their respective websites.

The reason for their inclusion in this document is the fact that there is a lot to be learned by
the ACGT designers and developers from the approaches taken by these projects, the
problems identified and the alternative implementations of various critical services.

9.1.1 caBIG

To expedite the cancer research communities’ access to key bioinformatics tools, platforms
and data, the NCI is working in partnership with the Cancer Center community to deploy an
integrating biomedical informatics infrastructure: caBIG™ (cancer Biomedical Informatics
Grid™). caBIG™ is creating a common, extensible informatics platform that integrates
diverse data types and supports interoperable analytic tools in areas including clinical trials
management, tissue banks and pathology, integrative cancer research, architecture, and
vocabularies and common data elements [www.caBIG.org].

The current inventory of applications (tools) and documentation, infrastructure and datasets
used to support the caBIG™ initiative can be accessed below. This inventory includes key
infrastructure and applications from the NCICB, as well as the various participating Cancer
Centers. As the caBIG™ project activities continue, additional interoperable tools,
infrastructure, and data will be made available on this site.

caGrid [https://cabig.nci.nih.gov/workspaces/Architecture/caGrid/] provides the core enabling
infrastructure necessary to compose the Grid of caBIG. It is a service-oriented architecture
and provides the implementation of the required core services, toolkits and wizards for the
development and deployment of community provided services, APIs for building client
applications, and some sample client applications for interacting with the current test bed
installation.

9.1.1.1 Data Models and Metadata

caBIG has adopted a model-driven architecture best practice and requires that all data types
used on the Grid are formally described and semantically harmonized. These efforts result in
the identification of common data elements, controlled vocabularies, and object-based
abstractions for all cancer research domains. caGrid leverages existing NCI data modeling
infrastructure to manage, curate, and employ these data models. caCORE is NCICB's
platform for data management and semantic integration, built using formal techniques from
the software engineering and computer science communities. caCORE defines a data model
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specified using industry standard techniques to define common biological constructs
(objects). The main components of caCORE include:

= Cancer Bioinformatics Infrastructure Objects (caBIlO): platform independent
APIs that reflect an object-oriented view of biomedical information.

= Cancer Data Standards Repository (caDSR): A metadata registry based upon the
ISO/IEC11179 standard that is used to register the descriptive information needed
to render cancer research data reusable and interoperable. Data types, such as the
caBIO data classes and the data elements on NCI-sponsored clinical trials case
report forms, are defined in caCORE UML and converted into ISO/IEC 11179
Administered Components, which are in turn registered in the caDSR.

= Enterprise Vocabulary Services (EVS): Controlled vocabulary resources that
support the life sciences domain, implemented in a description logics framework.
EVS vocabularies provide the semantic 'raw material' from which data elements,
classes and objects are constructed.

9.1.1.2 The caGRID

In caGrid, both the client and service APIs are object oriented, and operate over well-defined
and semantically described data types. Clients and services communicate through the Grid
using Globus Toolkit's Grid clients and service infrastructure, respectively. The Grid
communication protocol is XML, and thus the client and service APIs must transform the
transferred objects to and from XML. This XML serialization of caGrid objects is restricted, as
each object that travels on the Grid must do so as XML which adheres to an XML schema
registered in the Global Model Exchange (GME). GME defines the syntax of the XML
serialization of the properties, relationships, and semantics of caBIG data types.

Furthermore, Globus services are defined by the Web Service Description Language
(WSDL). The WSDL describes the various operations the service provides to the Grid. The
inputs and outputs of the operations, among other things, in WSDL are defined by XML
schemas.
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Figure 10: The Grid infrastructure (caGrid) in caBIG

As caBIG requires that the inputs and outputs of service operations use only registered
objects, these input and output data types are defined by the XML schemas (XSDs) which
are also registered in GME. In this way, the XSDs are used both to describe the contract of
the service and to validate the XML serialization of the objects which it uses. The figure
above details the various services and artifacts related to the description of and process for
the transfer of data objects between clients and services.

9.1.1.3 Services
In the caGrid architecture there are two kinds of services supported:
= Data services that provide access to the caBIG data bases and other data sources

» Analytical services that are used for the processing, transformation, analysis, etc of
data

The data services present an object oriented view of data sources and currently support only
query functionality. The objects exposed by the data services comply with the common data
elements that are registered in the caDSR using the EVS vocabularies.

Their implementation is based on the Open Grid Services Architecture Data Access
Integration (OGSA-DAI - www.ogsadai.org.uk) framework which provides a set of interfaces
and runtime support for implementing and deploying data sources as Grid services. In order
to support the caDSR/EVS semantic integration that is needed when accessing a data
source the OGSA-DAI framework has been extended to support a custom XML based query
language. A caGrid specific query is formed based on the information extracted from caDSR
and submitted, in the OGSA-DAI compliant way, as an Activity in a Perform document, to a
data source. The results of the query can be transformed and delivered in any way supported
by the standard OGSA-DAI framework.

Analytical services take as input and return strongly typed and semantically harmonized data
types as well. These services are necessary in order to support use cases where merely
accessing the data is not enough (e.g. when some processing of data is desirable).
Analytical services are presented to the caBIG as Grid Services and their implementation is
based on the Globus Toolkit. The Globus Toolkit is a reference implementation of Open Grid
Services Architecture (OGSA) and it’s the Grid platform that caGrid builds upon. A graphical
tool is also available to automatically create source code, configuration files, and build
process for new analytical services using the GME client to extract the schemas for the types
which are required by the analytical service interface.

9.1.1.4 Semantic Discovery in caBIG

A critical requirement of caBIG’s infrastructure is that it supports the ability of researchers to
discover the available resources. caGrid enables this ability by taking advantage of the rich
structural and semantic descriptions of data models and services that are available. The
overall architecture for service advertisement and discovery is shown in the figure below.
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Figure 11: Resource discovery in caBIG

Each service is required to describe itself using caGrid standard service metadata. When a
Grid service is connected to the caBIG Grid, it registers its availability and service metadata
with a central indexing registry service (Globus Toolkit's Index Service). This service can be
thought of as the “yellow pages” and “white pages” of caBIG. A researcher can then discover
services of interest by looking them up in this registry using high-level APls and user
applications.

caGrid provides standards for service metadata to which all services must adhere. The basic
metadata supported is the Common Service Metadata standard that every service in caBIG
is required to provide. This metadata contains information about the service-providing cancer
center, such as the point of contact and the institution’s name. Extending beyond this generic
metadata there are two standards that are specialized depending on whether a data or
analytical service is described. The Data Service Metadata details the domain model from
which the Objects being exposed by the service are drawn. Additionally, the definitions of the
Objects themselves are described in terms of their underlying concepts, attributes, and
associations to other Objects being exposed. Similarly, the Analytical Service Metadata
details the Objects using the same format as the Data Service Metadata. In addition to
detailing the Objects definitions, the Analytical Service Metadata defines the operations the
service provides. The input parameters and output of the operations are defined by
referencing the appropriate Object definition. In this way, both the data and analytical
services fully define the domain objects they expose by referencing the data model
registered in caDSR, and identify their underlying semantic concepts by referencing the
information in EVS.

The caGrid discovery API and tools allow researchers to query the Index Service for services
satisfying a query over the service metadata. That is, researchers can lookup services in the
registry using any of the information used to describe the services. For instance, all services
from a given cancer centre can be located, data services exposing a certain domain model or
objects based on a given semantic concept can be discovered, as can analytical services
that provide operations that take a given concept as input.
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9.1.1.5 Security and User Management

Security is an especially important component of caBIG both for protecting intellectual
property and ensuring protection and privacy of patient related and sensitive information.

When

security is implemented in a multi-institutional environment, such as caBIG, a

challenging problem is to facilitate the management of users and user attributes.
Furthermore, it is important to be able to leverage existing systems for authenticating and
authorizing requests to the corresponding data sources.

In caGrid the following requirements have been identified:

Secure Communication
o0 Authentication — Parties involved can be assured of one another identity
0 Message Integrity —Message sent by either party is guaranteed to same
message when it is received.
o0 Privacy — Communication between the two parties can only be interpreted by
the two parties
Access Control/Authorization
0 caBIG services should be able to decide, which users or services may access
them.
User/Organizational Attribute Management
0 Services should have a method for determining the attributes of a requesting
party. Such attributes may be needed to service the request. For example, a
username and password may be needed to perform a query on a relational
database on the party’s behalf.
Delegation
o caBIG services, should be able to interact with other caBIG services on a
user’s behalf.
Single Sign On
0 Users and Grid Services should have one method of authenticating
themselves to the Grid; all services in the Grid should accept this method.
User / Organization Management
0 User/Credential creation should be done within each individual organization.
Organizations should have a scalable method of creating and revoking
credentials. Services running in one organization should be able to be
leveraged by users with credentials in other organizations, assuming there is
a trust between the two organizations and the user is authorized to use the
service.
Virtual Organization
o Organizations consisting of users from varying institutions should be able to
be grouped together based on a common set of attributes; we refer to these
groups of users as a virtual organization. caGrid will require infrastructure for
creating and managing virtual organizations.

The caGrid security architecture is composed of several components. Components can be
classified as core components and external components. Core components are required by
the architecture and are essential for meeting the security requirements for caBIG. External
components are those that are considered extensions of the core security architecture. The
caGrid security architecture is composed of five core components:

1.

Grid Security Infrastructure (GSI): Globus provided security infrastructure. GSI
provides a method of establishing secure communication between Grid services. This
is accomplished using public key cryptography and certificates. Users and Grid
services authenticate with one another by exchanging certificates. In most cases
users don’t actually send around their “real certificate”, but rather they create a self
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signed short term expiring certificate called a proxy. A proxy consists of a new
certificate (with a new public key in it) and a new private key. The new certificate
contains the owner's identity and a time notation after which the proxy should no
longer be accepted by others. The time notation is generally short, giving proxies a
short lifetime. Since proxies are used to authenticate with Grid services, they can also
be used as a method for single sign on. GSI supports delegation of credentials by
allowing users to specify that their proxy certificate can be used by the invoked
service to create a new proxy (containing the user’s identity) such that the invoked
service may act on the user’s behalf. The caGrid security architecture uses GSI for
single-sign-on, delegation, and secure communication.

2. Authorization Manager: Authorization callback mechanism. Globus Toolkit provides
a very powerful framework for configuring authentication, but has fairly limited
authorization capabilities. The Authorization Manager component of the caBIG
Security Framework extends Globus’s Authorization Framework to enable the
necessary authorization capabilities. As later versions of the Globus Toolkit add more
support for configuring authorization, the Authorization Manager is designed to work
in the current environment, but compatible with later versions.

3. Grid User Management Service (GUMS): Grid Service for the management and
creation of Grid users and Grid user credentials. GUMS coordinates a registration
process where prospective users can apply for a user account by submitting required
information as specified by an administrator. GUMS also supplies interfaces for
administrators to review applications and approve or reject them. Given administrative
approval, GUMS coordinates the creation of an account which includes the creation
of Grid credentials. GUMS allows users access to their credentials, such that they
may obtain them and use them to invoke Grid services that require them. With
GUMS, Grid users no longer need to worry about all the complexities of managing
Grid credentials.

4. caGrid Attribute Management Service (CAMS): Grid Service for the management
of user/virtual organization attributes. CAMS manages attributes by the user’s
Distinguished Name (DN), which is found in the user’s certificate. For each user
CAMS build a database of attributes, in which it persists and manages the user’s
attributes. The attributes managed for each user can be names, addresses, email,
phone numbers, etc. CAMS requires attributes to be represented in XML format, with
each attribute conforming to an XML schema that is stored in GME. Services running
on the Grid can use CAMS for requesting a user’s attributes such that they can make
dynamic runtime decisions. Such decisions would include authorization decisions or
business logic routing decisions. CAMS also provides an access control system for
protecting attributes, such that only granted user’s and services may access a user’s
attributes.

5. Grid Virtual Organization Service (GVOS): Grid Service for the management of
virtual organizations. This is not currently implemented (as of version 0.5 of caGrid)
and will be part of future releases.

External security components that can be used for enhancing the authorization capabilities of
caGrid are local authentication/authorization systems or Grid Authorization Services.

9.1.2 My Grid

The information presented in this section on the myGrid project is taken from its web site and
the various publications of project partners listed in the references section.
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myGrid is an e-Science research project developing open source high-level middleware to
support in silico experiments in biology. In silico experiments use databases and
computational analysis tools rather than laboratory investigations to test hypothesis. This
section provides an overview of services the mGrid project is developing, and the
architecture in which they fit.

Registries provide information about available data and computational services, while remote
legacy bioinformatics applications are wrapped using a consistent distributed analysis
framework Soaplab. As in conventional science, experimental method is as important as final
results. myGrid formalises these methods as workflow or query specifications and provides
service based middleware components to enact them.

Personalisation forms a key theme in myGrid service design. Information repositories, service
registries and change notification systems are all being developed to provide personalised
views of resources. myGrid components make extensive use of metadata to support this need
for personalisation and the project is pioneering the use of semantic web technology, to
manage annotation, ontologies and semantic discovery. The ultimate goal of mGrid is to
supply this collection of services as a toolkit to build end applications. To demonstrate this
concept the project is building its own application (the myGrid workBench).

myGrid develops open source high-level service-based middleware to support in silico
experiments in biology. In silico experiments are procedures using computer based
information repositories and computational analysis adopted for testing hypothesis or to
demonstrate known facts. In our case the emphasis is on data intensive experiments that
combine use of applications and database queries. The user is helped to create workflows
(a.k.a. experiments), sharing and discovering others’ workflows and interacting with the
workflows as they run. Rather than thinking in terms of data Grids or computational Grids we
think in terms of Service Grids, where the primary services support routine in silico
experiments. The project’s goal is to provide middleware services as a toolkit to be adopted
and used in a "pick and mix” way by bioinformaticians, tool builders and service providers
who in turn produce the end applications for biologists.

The target environment is open, implying that services and their users are decoupled.
Services are not just used solely by their publishers but by users unknown to the service
provider, who may use them in unexpected ways. myGrid focuses on speculative
explorations by a scientist to form discovery experiments. These evolve with the scientist’s
thinking, and are composed incrementally as the scientist designs and prototypes the
experiment. Intermediate versions and intermediate data are kept, notes and thoughts are
recorded, and parts of the experiment and other experiments are linked together to from a
network of evidence, as we see in bench laboratory books.

Discovery experiments by their nature presume that the e-biologist is actively interacting with
and steering the experimentation process, as well as interacting with colleagues (in the
simplest case by email). [GOB2003] gives a detailed motivation for the project.

The project produced a requirements gathering prototype based on use cases for the
functional analysis of clusters of proteins. Data was based on microarray studies, which
showed the level of activity of genes associated with circadian rhythms in the fruit fly,
Drosophila melanogaster They then developed a more detailed set of scenarios for the
examination of the genetics of Graves’ disease, an immune disorder causing hyperthyroidism
[STEa]. This latter case study wa the test bed application for the initial full prototype and the
rest of the project. The project has built an electronic laboratory workbench demonstrator
application as a vehicle to crystallise our architecture and experiment with our services: their
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functionality, their deployment and their interactions [STE2003]. In addition, Talisman is a
third party application that is prototyping the use of the various workflow components.

The remaining of the subsections are organised as follows. Section 2 gives an overview of
the services in myGrid, its chief components and its architecture. Section 3 runs through an
example of the workbench demonstrator. We conclude in section 4 with a statement on
status and an outlook for the remainder of the project.

9.1.2.1 myGrid Services and Architecture

The myGrid middleware framework employs a service-based architecture, firstly prototyped
with Web Services but with an anticipated migration path to the Open Grid Services
Architecture (OGSA) [TAL2002];

[PARWAT] gives an account of the conversion of two myGrid services to OGSI services. The
middleware services are intended to be collectively or selectively adopted by
bioinformaticians, tool builders and service providers who in turn produce the end
applications for biologists. The primary services to support routine in silico experiments fall
into four categories:

= services that are the tools that will constitute the experiments, that is: specialised
services such as AMBIT text extraction [GAIHEP], and external third party services
such databases, computational analysis, simulations etc, wrapped as web services
by Soaplab if required;

= services for forming and executing experiments, that is: workflow management
services|[ADDOIN], information management services, and distributed database
query processing [OGSADQP];

= semantic services for discovering services and workflows, and managing
metadata, such as: third party service registries and federated personalised views
over those registries [LOR2003], ontologies and ontology management
[WRO2003];

= services for supporting the e-Science scientific method and best practice found at
the bench but often neglected at the workstation, specifically: provenance
management [STEb] and change notification [MOR2003].

The final layer (e) constitutes the applications and application services that use some or all of
the services described above.

9.1.2.2 Services that form the experiments

myGrid middleware must go hand in hand with corresponding development of domain specific
scientific services that can deliver data and computation analysis.

Therefore bioinformaticians within the project have been developing service based access to
bioinformatics tools and data.

2 Bioinformatics services: Services such as database retrieval and analysis tools
need to be wrapped and offered in a form that accommodates their distribution and
variety of data formats. myGrid has acquired or wrapped a range of bioinformatics
Web Services including: the complete EMBOSS application suite of over eighty
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analysis tools, MEDLINE, SRS, OMIM and NCBI & WU BLAST sequence
alignment tools. The project has developed

Soaplab1, a universal connector for legacy command line based systems. The
majority of services that we want to be able to make use of are shell scripts, PERL
fragments or compiled architecture specific binaries rather than web services;
Soaplab provides a fairly universal glue to bind these into web services and ia
freely available.

2 Text extraction services: AMBIT is a system for Acquiring Medical and Biological
Information from text developed under the auspices of this and the CLEF e-Science
project. The maijority of biomedical knowledge still persists as free text in the
published literature. More automated assistance in the delivery of this knowledge to
the scientist requires at least some of the information is extracted into a more
structured machine interpretable form. AMBIT provides an information extraction
service based on natural language (http://industryhttp://industry.ebi.ac.uk/soaplab/)

9.1.2.3 Services for forming experiments

myGrid regards in silico experiments as distributed queries and workflows. Data and
parameters are taken as input to an analysis or database service; then output is taken from
these, perhaps after interaction with theuser, as input to further tools or database queries.

2 Workflow enactment, creation and management:

Once discovered or built, a workflow is run by our powerful FreeFluoz workflow
enactment engine, which can handle WSDL based web service invocation.

FreeFluo (http://freefluo.sourceforge.net) supports two XML workflow languages,
one based on IBM’s Web Service Flow Language (which we used early on) and our
own, XScufl, developed as part of the Taverna project, in collaboration with the
Human Genome Mapping Project [TAV2003]. The FreeFluo engine and the
Taverna workflow development environment are open source and downloadable.
See [ADDOIN] for further details.

o Distributed database query processing: The OGSA-DAI  project
(http://www.ogsadai.org/) and myGrid are together building a distributed query
processing system that will enable a user to specify queries across a set of Grid-
enabled information repositories in a high level language (initially OQL). Complex
queries on large data repositories may result in potentially high response times, but
the system can address this through parallelisation. The initial prototype is to be
released in August 2003. See [OGSADQP] for further details.

S The myGrid Information Repository (mIR) acts as a personalised store of all
information relevant to a scientist performing an in silico experiment. It implements
an information model tailored to e-Science.

Experimental data is stored together with provenance records of its origin. It is used
to store workflow specifications ready to be submitted to the enactor together with
records of running or completed workflows. These workflow records form a major
basis for internally generated data provenance. The mIR has also been designed to
store information about people and projects both sdirectly linked to the investigation
and from the wider scientific community to aid collaboration.
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Metadata storage is a central feature of the mIR, with annotation possible for all
internally stored objects in addition to objects stored in disparate remote
repositories. Annotations are currently stored in an RDF triple like manner
(http://www.w3c.org/RDF/) and the project is considering the use of "off the shelf”
RDF triple stores such as the Jena Semantic Web toolkit
(http://www.hpl.hp.com/semwebl/jena.htm). Several types of annotation are used
from free-text notes of the object’s significance with respect to the investigation, to
more structured DAML+OIL based ontology annotations of what the object
represents [HOR2002]. Annotation is a key tool used to link related objects and so
answer wideranging queries such as 'What workflows have been recently run by
members of my project?’ and 'What other data is available on this topic?’

9.1.2.4 Services for discovery and metadata management

Much of e-Science depends on discovering and pooling resources especially services but
also experimental designs, data, people and projects. myGrid has developed several
components to facilitate this discovery process.

2 Registries and registry views. These are a key feature of web services infrastructure in
which service descriptions are centrally published. myGrid extends the idea of a registry
in three ways [GOB2002]:

Personalised views over distributed registries. It has become clear that multiple
distributed registries will exist, some community wide, some specific to an
organisation. To accommodate this registry views are been developed that aggregate
distributed information based on a personal profile.

Extensible metadata storage. Originally designed to support the web services
standard UDDI, the registry has now been underpinned with a flexible RDF storage
component which enables it to support additional metadata standards such as DAML-
S and BioMOBY.

Additional semantic descriptions to allow more precise searching by both people and
machines. These DAML+OIL semantic descriptions build on the work of the DAML-S
coalition (http://www.daml.org/services) and have been used to guide the construction
of workflows by constraining the choice to those services, which have semantically
compatible inputs and outputs. Similarly semantic description of workflows has been
used within the myGrid workbench to discover relevant workflows given an item of
data selected from the mIR.

9.1.2.5 Services for supporting e-Science

myGrid aids users in finding appropriate resources, offering alternatives to busy resources
and guiding users in the composition of resources into workflows. In addition, myGrid offers:

2 Notification services: A workflow may need to be re-run when new or updated data and
analytical software become available. myGrid has a notification service to mediate an
asynchronous interaction between services. Servers may register the type of notification
events they produce and clients may register their interest in receiving updates.
Notifications may also be used to automatically trigger workflows to analyse new data.
See [MOR2003] for further details.

2 Provenance management: When a workflow is executed, FreeFluo generates
provenance logs in the form of XML files, recording the start time, end time and service
instances operated in this workflow. Data, and metadata about the workflow and the
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provenance logs are stored in the mIR. All mIR objects carry provenance attributes,
hence the provenance log has who created it, when, in what context, and so on.

In addition, a set of metadata is associated with this workflow invocation instance: the
input and output relationships between the workflow instance and data items, the ’is
defined by’ relationship between the workflow instance and its associated definition
documents. Other annotations regarding the hypothesis of the experiment, thoughts and
opinions by the scientist and quality of results are also stored as XML in the mIR or as
regular web documents. This provenance information is extracted to answer questions
such as "what recent workflows were run by Dr. Pearce using BLAST”. As myGrid makes
liberal use of ontologies, by annotating provenance logs with concepts drawn from the
myGrid ontology, it is possible to expand experiment with building a dynamically generated
hypertext of provenance documents, data, services and workflows based on their
associated concepts and reasoning over the ontology [ZHA2003]. See [STEDb] for further
remarks on provenance.

2 Personalisation opportunities: The intention of the project was to make all services
personalised to the scientist in their own appropriate ways. For example: different users
can be provided with appropriate views of the mIR; the registry view gives a user
perspective over the services they can use, and the opportunity to attribute their
metadata to third party services they do not own, as well as publish their own workflows
and services; and the event notification system allows users to define their own choice of
events. The user is represented by a User Proxy service.

9.1.2.6 Discussion

The current exploration of Graves’ disease has been quite narrow and orientated around a
single user group. To fully evaluate the myGrid components, population with data and
associated metadata from multiple studies, investigations, projects, experiments and users is
required.

Other components of myGrid need more significant ongoing development following lessons
learnt from early prototypes. The initial investigations have revealed the need for a more
sophisticated model of provenance and other experimental data holdings [WIL2002]. This will
allow the storage of much more heavily linked metadata about provenance that will enable
the creation of views of the mIR along many axes.

The myGrid Information Repository has provided the project with many useful insights into the
types of data and metadata that need to be stored and the ways that data needs to be
presented. The current mIR uses RDBMS technology and much of the information held
therein is stored in a triple like manner. Much of the provenance information is stored as XML
files; this makes it cumbersome to retrieve and process much of the metadata stored in the
mIR. Consequently, the project will be investigating more wide spread use of RDF
technology in the future.

Currently, the notification service is coarse grained in the types of notifications it indicates.
For instance, one topic is "data change”, which is used for the arrival of new data, the update
of data, etc. in the mIR.

9.1.3 BRIDGES: Biomedical Research Informatics Delivered by Grid
Enabled Services

The information with respect to the BRIDGES project is taken fromits web site. The project
and its results are briefly presented here because it experimented and provided intial
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implementation of (a) access services to public databases, (b) the project worked on the
development of a Grid service which provides a parallelised BLAST service for the users and
(c) worked on the utility of various existing and emerging federation tools and the use of
OGSA-DAI. All these areas are very important and relevant to the ACGT architecture and
workplan. Lessons learned by others are therefore a very welcomed starting point.

BRIDGES is developing and exploring database integration over six geographically
distributed research sites within the framework of the large Wellcome Trust biomedical
research project Cardiovascular Functional Genomics. Three classes of integration were
developed to support a sophisticated bioinformatics infrastructure supporting: data sources
(both public and project generated), bioinformatics analysis and visualisation tools, and
research activities combining shared and private data. The inclusion of patient records and
animal experiment data means that privacy and access control are particular concerns. Both
OGSA-DAI and IBM Information Integrator technology have been employed.

The project was aiming at delivering the following results:

= An effective environment for biomedical bioinformatics supporting the work of the
Wellcome Trust Cardiovascular Functional Genomics project. This will include
federated access to data, analysis and visualisation across at least the UK centres
with appropriate authorisation and privacy.

= An improved understanding of the requirements for the support of academic
biomedical research virtual organisations. This was published as a final project
report and exemplified with publicly available re-usable data access and integration
components.

= An evaluation of the utility of various existing and emerging federation tools (e.g.
replication tools such as GIGGLE, query tools such as DiscoveryLink and platforms
such as OGSA-DAI) in this class of application.

The results of the BRIDGES project are of particular relevance to ACGT, because similar
areas are addressed in the ACGT Workplan. Specifically, the BRIDGES project evaluated
the OGSA-DAI specifications as compaterd with IBM Information Integrator technologies.
Their experiences are very useful for the work in ACGT related to the selection of
technologies for Data Access. Also, the project experimented with the implementation of
Grid based analytical toolls. Although the tools required in ACGT are quite different, the
experiences aquired in BRIDGES (with the GT3) in this domain are very relevant for ACGT.

9.1.3.1 Data Integration - Public Domain Data

To allow the integration of data from heterogeneous public data sources, BRIDGES
experimented with the use of two different technologies (for the purpose of their
evaluation/comparison). IBM's Information Integrator is a commercial package that allows the
binding of data sources through standardised wrappers specific to the type of data source.
The OGSA-DAI package achieves the same end by using Grid services as a layer between
client applications and the data source. Users can browse the data via the GeneVista
visualisation tool, which is available via the BRIDGES portal.

One surprising outcome of the BRIDGES project has been the lack of programmatic access
to live biological databases. This has introduced an additional requirement for a data
warehouse which is populated with data derived from flat file data dumps of the public
domain databases. Data federation operates across the warehouse and the few available
databases with programmatic access.
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9.1.3.2 Computational Resources — GridBLAST

Like many other biomedical research projects, the CFG project has a need for large scale
biological sequence comparisons. These are mostly carried out using the BLAST tool, a
widely used search algorithm that is used to compute alignments of nucleic acid or protein
sequences with the goal of finding the n closest matches in a target data set. This is
computationally costly and therefore a task that can benefit from being adapted to run on a
compute Grid.

The project has developed a GT3 based Grid service which provides a parallelised BLAST
service for the users. Multiple query sequences are partitioned into sub-jobs on the basis of
the number of idle compute nodes available and then processed on these in batches. To
achieve this, we have written our own java based scheduler which distributes sub-jobs
across an array of resources.

For enabling the control of which users access which resources (which may be necessary
depending on the local policies at individual resources) the project has implemented a role
based access control system which uses the PERMIS Grid authorisation software
(http://www.permis.org/). For each job submitted, our service queries a PERMIS
authorisation service for the roles a given user has, and allocates resources according to
these.

Job submission to the National Grid Service is through GSl-enabled Globus 2 jobs, with Java
Cog kit client side code, and uses a host proxy for authentication. This eliminates the need
for our users to acquire and manage digital certificates and instead user authentication
happens at the BRIDGES portal by means of standard username and password pairs. The
PERMIS software gives us the option of then controlling what users are allowed to do once
authenticated.

The client side code that was used for job submission to the NGS is publicly available on its
web site (http://www.brc.dcs.gla.ac.uk/projects/bridges/public/code.htm).
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10 Management Systems and Standards for
Clinical Trials

10.1 Introduction

Over the last years, getting patients and doctors into clinical trials and the lack of open-
source software for the management of the clinical data and combining them with data from
research labs are the most important aspects that delay the process of getting better
treatments for patients with cancer. Whereas great care is needed in the development of a
clinical trial recruitment program, a lot of effort has to be put into the development of Clinical
Trial management systems.

In this regard an Electronic Data Capture (EDC) in the management of clinical data is a
computerized system designed for the collection of clinical data in electronic format for use
mainly in human clinical trials.

Typically, EDC systems provide:
= a graphical user interface component for data entry
= avalidation component to check user data
= areporting tool for analysis of the collected data

EDC systems are used by Life Sciences companies, broadly defined as the pharmaceutical,
medical device and biotechnology industries in all aspects of clinical research, but are
particularly beneficial for late-phase (phase llI-IV) studies and pharmacovigilance and post-
market safety surveillance. EDC can increase the data accuracy and decrease the time to
collect data for studies of drugs and medical devices.

EDC had its origins in another class of software—Remote Data Entry, or RDE—that surfaced
in the life sciences market in the late 1980s and early 1990s. Clinical research data—patient
data collected during the investigation of a new drug or medical device—is collected by
physicians, nurses, and research study coordinators in medical settings (offices, hospitals,
universities) throughout the world. Historically, this information was collected on paper forms
which were then sent to the research sponsor (e.g., a pharmaceutical company) for data
entry into a database and subsequent statistical analysis environment. This process has a
number of shortcomings, though:

= data is copied multiple times, which produces errors

= errors that are generated are not caught until weeks later

= visibility into the medical status of patients by sponsors is delayed
To address these and other concerns, RDE systems were invented so that physicians,
nurses, and study coordinators could enter the data directly at the medical setting. By moving

data entry out of the sponsor site and into the clinic or other facility, a number of benefits
could be derived:
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= data checks could be implemented during data entry, preventing some errors
altogether and immediately prompting for resolution of other errors

= data could be transmitted nightly to sponsors, thereby improving the sponsor's
ability to monitor the progress and status of the research study and its patients

These early RDE systems used "thick-client" software—software installed locally on a laptop
computer's hardware—to collect the patient data. The system could then use a modem
connection over an analog phone line to periodically transmit the data back to the sponsor,
and to collect questions from the sponsor that the medical staff would need to answer. With
the rise of the Internet in the mid 1990s, RDE became a web-based software representing a
new class of EDC software.

The development of RDE systems was pushed by the establishing of standards for the
management of clinical trials. In the 1980s the European Union began harmonising
regulatory requirement. In 1989, Europe, Japan, and the United States began creating plans
for a common harmonisation. The International Conference on Harmonisation of
Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH) was
then created in April 1990 at a meeting in Brussels. ICH is a project that brings together the
regulatory authorities of Europe, Japan and the United States and experts from the
pharmaceutical industry in the three regions to discuss scientific and technical aspects of
pharmaceutical product registration.

The purpose of ICH is to reduce or obviate the need to duplicate the testing carried out
during the research and development of new medicines by recommending ways to achieve
greater harmonisation in the interpretation and application of technical guidelines and
requirements for product registration.

Harmonisation would lead to a more economical use of human, animal and material
resources, and the elimination of unnecessary delay in the global development and
availability of new medicines while maintaining safeguards on quality, safety, and efficacy,
and regulatory obligations to protect public health.

Six parties that represent the regulatory bodies and the research-based industries of the
founding members are responsible for the decision making process: the European Union, the
European Federation of Pharmaceutical Industries and Associations, the Ministry of Health,
Labour and Welfare, the Japan Pharmaceutical Manufacturers Association, the Food and
Drug Administration, and the Pharmaceutical Research and Manufacturers of America.

Further standards in data management are described in chapter 11.6.

10.2 Data flow in Clinical Trials (SIOP 2001 / GPOH)

Looking from the point of a clinician into a clinical trial, it is obviously that the patient with his
disease is in the center of consideration. In contrast to Figure 1, in this section the ACGT
environment will be outlined from the perspective of the patient. All of the data are only
existing, because there is a patient having a disease or a tumour and he is enrolled in a
clinical trial, receiving treatment or delivering his tumour to a research unit. All research and
as a consequence all data generated in the lab or in the clinic are based on this fundamental
issue. Figure 9 reveals this.
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Figure 12: Outiline of a clinical trial from the perspective of the patient

For the Nephroblastoma trial (SIOP 2001 / GPOH) the data flow was worked out and is

shown in Figure 10.

The interpretation of the data flow for the trial allows to define scenarios in clinicogenomic
trials that are necessary on a granular level and raises a number of questions, that have to

be addressed.
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Figure 13: Data flow of the SIOP 2001/GPOH ftrial )Red arrows illustrate data that are send,
green arrwos illustrate request for data; CCR: Childhood Cancer Registry

The following list shows scenarios that can be defined:
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Anonymisation of personal data

Pseudonymisation of personal data

Electronical signature of data

Reporting of SAEs and SUSARs

Transferring of DICOM data (imaging studies, etc.)

Export and import of data (registration, trial center, statistical center, etc.)

The following questions have to be addressed:

What data have to be anonymised ?

What data have to be pseudonymised ?

What data have to be signed ?

Must there be a feedback after sending of relevant data ? (for example for the
treatment of the patient)

Who has access to which data ?

How to handle data protection and data security ?

How to handle signatures ?

The list of scenarios and questions has to be completed by People of workpackage 10, 11
and 12.

10.3 Data flow in Clinico-Genomic Trials

The data flow of the SIOP 2001/ GPOH trial can be easily transferred to other clincal trials.
The integration of the data flow between research centers and knowledge based Web
services builds a model for the data flow in ACGT. Figure 11 shows a general model for the
data flow in ACGT.
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Figure 14: General data flow model in ACGT. (Red arrows illustrate data that are send, green arrows
illustrate request for data; CA Registry: Cancer Registry)

The data flow in clinical trials has to be independent of time, meaning that data can be send
and received everytime.

10.4 Data Management Systems in Clinical Trials

“Clinical Data Management (CDM) is the process of collecting and validating clinical
information with the goal of converting it into an electronic format to answer research
questions and to preserve it for future scientific investigation.” [CHO2004] CDM is a crucial
part of the clinical trial process, which ensures the validity, quality, integrity and
completeness of the collected data. Researchers often underestimate the difficulty and
importance of data management. But statistics can be only as good as the data they are
based on.

According to [CHO2004] the CDM process includes:

Case report form development
Database development

Data entry, query and correction
Data quality assurance

Data lock; archive and transfer.

Today more and more software systems are emerging that are able to support most aspects
of Clinical Data Management. The requirements for those Clinical Data Management
Systems are to support all steps of the CDM process, provide comfortable usability for all
participating parties and to be compliant to the regulations /guidelines. We have evaluated
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currently available Clinical Data Management Systems and present the results in this
document

First the most important aspects of the Clinical Data Management process will be described.
The following chapters are dedicated to relevant regulatory requirements, guidelines and
standards. The last section describes features of currently available Clinical Data
Management Systems and the evaluation of these systems.

10.5 Clinical Data Management

10.5.1 Case report form development

A case report form [CRF] is a printed or electronic form that is designed to collect the
required research and administrative data from a subject in a clinical trial. The measurement
and recording of the trial data are a very critical step and have direct impact on the quality of
the data collected for a clinical trial. It is therefore important that the CRFs are designed with
clarity and ease of use in mind.

Ideally the following principles should be considered when designing CRFs:
CRFs should be designed to capture all and only the data required per the study protocol.

CRFs do not only determine what data has to be collected but also in what order it has to
be collected and who collects it.

They should be designed to collect data elements in standardized format to ease data entry.
An appropriate coding of the data is also necessary to facilitate further data analysis.
Standard modules for CRFs should be used wherever possible. They are developed to
collect the same data across different clinical trials and using them leads to the development
of standard procedures, such as data entry, saving time and effort. Standard modules are
often stored for their reuse in standard libraries. Redundant data elements on the CRFs
should be avoided, e.g. collecting the age as well as the birth date. A set of well developed
CRFs is not completed without a guide that describe how to fill in the CRFs. [CHO2004,
RON2000]

10.5.2 Database development

After designing the data entry forms the clinical trial database has to be developed
considering the structure of the CRFs and the requirements specified in the study protocol.
The trial database has the purpose to store all data that is relevant for the trial, i.e. the data
captured with the CRFs and other trial specific data.

The trial database should provide easy access to data for later statistical analysis as well as
for administrative purposes during the conduction of the trial (e.g. report functions like
determining the number of patients per clinic during trial conduction should be implemented).

The data captured in the database should be standardized according to the CRFs. The
database should comprise comprehensive metadata to assure that the stored data can be
later used in a sensible way. Standardizing the data among different clinical trials (using
standardized database modules) is desirable since that makes the results of those trials

13/09/2006 Page 148 of 436



ACGT D2.1 - User requirements and specification of the ACGT internal clinical trial

comparable. During implementation data security aspects have to be considered (e.g. audit
trails, data backup).

Designing the case report forms and trial database are crucial for the success of a clinical
trial. Errors made in these phases can result in very cost intensive consequences in later
stages of the clinical trial. [CHO2004, RON2000]

10.5.3 Data entry and correction

In many multicentric clinical trials today still paper based CRFs are used. The CRFs are filled
in from the participating hospitals and then they are sent to a central data facility. There the
data is monitored and entered from data entry clerks into the clinical trial database. This is
normally accomplished by double data entry (entry by two different data entry clerks and
validating the entries against each other) to minimize transmission errors. For any missing or
inconsistent information a Query Form has to be filled in for clarification. This is a very time
consuming process often resulting in sending data back and forth.

Therefore, today Remote-Data-Entry-Systems (RDE-systems) are emerging where the data
are captured at the participating site and transferred electronically to the trial central data
facility. RDE has the advantage that the data can be validated during data capture (e.g. logic
checks can be performed) and the system can give alerts on incorrect or missing data. This
results in increased data quality and double data entry and the procedure that the data entry
clerks have to query missing or inconsistent data is unnecessary.

Since it is not easy to shift directly from paper based CRFs captured at a central data facility
to RDE there exist also “solutions in between”. These systems rely on “fax-based data
recognition” and “automated data acquisition from optical images” techniques. These
approaches can be relatively easy integrated into current working practice since the data is
also captured on paper based CRFs. The CRFs are then faxed or scanned and can be read
by automatic recognition techniques directly into the trial database.

Data Correction

As required by ICH GCP any changes or corrections to a CRF have to be dated, initialed,
and explained (if necessary) and should not hide the original entry. [CHO2004, RON2000]

10.5.4 Data quality assurance

Data validation is the cleaning of trial data in order to assure that they attained a reasonable
quality level. The ICH GCP requires that the sponsor is responsible that quality control
should be applied to each stage of data handling during a clinical trial to ensure that all data
are reliable and have been processed correctly.

There are different data quality inspection procedures for tracking errors of data in the
database. Some examples are edit checks, source data verification or double data entry.

The requirement for data monitoring of a Clinical Trial is defined in the ICH GCP (see section
3.1.) as the act of overseeing the progress of a clinical trial, and of ensuring that it is
conducted, recorded and reported in accordance with the protocol, standard operating
procedures (SOP) Good Clinical Practice, and applicable regulatory requirement(s). The trial
monitor performs source data verification. It is required by ICH GCP and means that the
monitor of a trial has to check the CRF entries with the source documents (original medical
records) and assure that all data are correctly and completely recorded and reported.
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To ensure completeness and consistency of data, data validation or plausibility checks are
usually programmed and run on the clinical trial database:

Edit check specifications are developed according to CRFs and the study protocol. The
following should be considered when reviewing the consistency check specifications: missing
or incomplete data, range checks included to detect potentially invalid data, within-subject
consistency-checks. Queries should be generated whenever inconsistencies are detected
and send to the trial monitor for clarification. [CHO2004, RON2000]

10.5.5 Data lock, archive and transfer

When the database is complete, i.e. there are no outstanding queries, signatures of the
responsible individuals are required to finalize (or lock) the database. After the database
lock, a written approval from the responsible facility is required to initiate any changes to a
finalized database. The final locked database should remain active in the system for at least
three months before it is archived.

After the database is closed the statistical analysis is performed. For this purpose the
relevant data is extracted from the database into formats that can be processed from statistic
analysis programs (e.g. SAS, SPSS).

Database transfer at a specific format can be done per request, e.g. from the sponsor [2, 9].

10.6 Standards in Data Management

10.6.1 Clinical Data interchange standards consortium (CDISC)

CDISC is an open, non-profit organization that has the mission to develop and support
platform-independent data standards that enable information system interoperability to
improve medical research. CDISC seeks to achieve its mission through the development of
standard data models designed to support the end-to-end data flow of clinical trials. These
support the electronic acquisition, exchange, submission and archiving of clinical trials data
and metadata.

CDISC has developed a model that specifies a format for interchange and archive of data,
the Operational Data Model (ODM) as well as several content models that define standards
for datasets for Data submission (SDS), standards for laboratory data (LAB) and standards
for analysis datasets (ADaM). An overview of the CDISC models is given in figure 12.
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Figure 15: The SCDISC models (taken from[KUS2003])

The models are briefly described in the following:
Operational Data Model (ODM)

The Operational Data Model (ODM) is a platform independent format for interchange and
archive of data collected in clinical trials. The model represents study metadata, clinical data
and administrative data associated with a clinical trial. Information that needs to be shared
among different software systems during a trial, or archived after a trial, is included in the
model. In March 2006 version 1.3 was published.

Laboratory Data (LAB)

The LAB model is a standard model for the interchange of clinical trial laboratory data. It is a
content model, which can be implemented through different means, including ASCII, SAS,
XML and HL7 Version 3 RIM messaging.

Submission Data Standards (SDS)

The Submissions Data Standards are a set of standards developed by CDISC that are
intended to guide the organization, structure, and format of standard clinical trial tabulation
datasets submitted to a regulatory authority. Since 2004 the Study Data Tabulation Model
(SDTM) is the standard format of the FDA that sponsors of human drug clinical trials can use
to submit data to the agency.

Analysis Dataset Model (ADaM)

The Analysis Dataset Model (ADaM) is a set of guidelines and examples for analysis
datasets used to generate the statistical results for submission to a regulatory authority such
as FDA. It specifically addresses needs of statistical reviewers.

Protocol Representation

The Protocol Representation working group aims to define a model to present the trial
protocol. They have identified standard elements (including a subset of those in SDTM) of a
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clinical trial protocol. It is an HL7 initiative with a CDISC team to support the standards
development activities. A machine-readable model is an ultimate goal for this team.

10.6.2 Terminology working group of CDISC

CDISC is also working in cooperation with representatives of government, academia and
pharmaceutical companies to define standard codelists for use in the clinical research data
interchange. This work will support other CDISC standards. The terminology that has been
developed until now has been loaded into NCI Thesaurus (National Cancer Institute), one of
NClI's premier vocabulary products. It is intended to integrate the terminology into the NCI
Cancer Data Standards Repository or caDSR, an ISO 11179 metadata repository.

Today sponsors have been implementing individual models (using ODM to export and import
data or building their databases on SDTM) but currently no guidelines exist that describe how
to effectively use all of the collective models in combination. So the aims for the future are to
harmonize and further improve the models. CDISC wants to achieve final harmonisation of
its models until 2010. CDISC cooperates with HL7 and has many sponsors from the
pharmaceutical industry. The FDA also supports the standards of CDISC. Therefore the
importance of CDISC is permanently increasing. [CDI2006]

10.6.3 Terminologies in Clinical Trials

Terminologies are used in Clinical Trials to standardize the coding of data. Appropriate and
unambiguous coding is essential for a good data quality. There are a lot of medical
terminologies in existence e.g. the ICD (International Classification of Diseases) to encode
diseases or LOINC (Logical Observation Identifiers Names and Codes) for encoding
laboratory observations that are used today in clinical trials. Here we want to focus on
MedDRA, since this terminology has been adopted by the ICH as the standard medical
terminology for regulatory communication.

MedDRA - the Medical Dictionary for Regulatory Activities

MedDRA is a medical terminology that was designed to be applicable to all phases of drug
development, excluding animal toxicology. Before the introduction of MedDRA a variety of
often not compatible terminologies developed by different organizations were used at
different stages of clinical trials. That often led to misunderstandings and loss of information.
The need to standardize the medical terminology used internationally for regulatory affairs of
medical products was recognized by regulatory agencies as well as pharmaceutical
companies. A Working Group of representatives from the ICH and an observer for the World
Health Organization worked to develop the MedDRA terminology and completed version 1.0
in 1994. The ICH Steering Committee adopted it as an international medical terminology for
regulatory purposes.

MedDRA is based on the UK Medicines and Healthcare products Regulatory Agency
(MHRA) medical terminology and it incorporates different other medical terminologies (e.g.
WHO-ART, ICD, ICD-CM, COSTART and J-ART).

It includes terminology for symptoms, signs, diseases and diagnoses. In addition, it contains
the names of investigations (e.g. Liver function analyses, metabolism tests), sites (e.g.
application site reactions, implant site reactions and injection site reactions), therapeutic
indications, surgical and medical procedures and medical, social and family history terms. It
does not include a drug or device nomenclature or terms covering study design,
pharmacokinetics or patient demographics.
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The terminology does not contain definitions for its terms. Synonymous terms are grouped
under one standard term called preferred term. These preferred terms are ordered under a
five-level hierarchical framework. FDA and the European Agency for the Evaluation of
Medical Products (EMEA) recommend the use of MedDRA in their regulations.

It is maintained and distributed by the MedDRA Maintenance and Support Services
Organization (MSS0). It is available at a reasonable cost, and it will be updated at a
frequency that is appropriate to the needs of users. [CHO2004, MED2006, RON2000]

10.7 Clinical Data Management Systems

Powerful data collection and management systems for clinical trials exist. We have analyzed
how well the systems support the described clinical data management procedures, the
support of standards, the compliance to regulations, the usability and the price of the
systems.

In the following an overall overview about the features of the analyzed Clinical Data
Management Systems shall be given, in Appendix A description of the single systems can be
found.

1. Case report form development
All but one of the analyzed Data Management Systems provide tools to design and
layout CRFs. That can be done from clinicians without informatics skills but in every
case one or two-day training courses are necessary.

2. Database development
The database is normally generated automatically from the CRFs. When designing
the CRFs the user is almost free in defining the items for the CRFs and the names for
the database tables and attributes. That is problematic since that can result in
ambiguous names that lack standardization.
All systems are client server architectures.

3. Reporting functions to support administrative purposes during trials
Most of the systems provide a good support to generate different kind of study
management reports and patient data listings

4. Data entry
All of the described systems support RDE. One of the system supports additionally
fax based data entry (DataFax).

5. Data quality assurance - Support for monitoring activities
Some of the described Data Management Systems have features to support the
tasks of the clinical monitors. In most systems it is possible to add queries of the
monitors to every item of the CRF. These questions are shown to the investigator and
can be answered by them. Some systems include messaging systems that allows the
participating parties to interact with each other.

6. Data quality assurance — Support for data edit checks
Specifying complex validation checks and conditions for individual questions on the
eCRFs is possible with all of the systems.
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7. Data export
In all systems data can be exported in different formats (e.g. in SAS or SPSS or
CDISC ODM format)

8. Usability
The companies of all the systems claim that their systems are very user friendly.
Since we could not test the systems in most case we are not able to decide if it is true
what the companies write.

9. Price
Prices of the commercial systems are mostly dependent on different aspects (e.g. the
number of users, the used modules, duration of the trial, etc) only one of the analyzed
systems is provided under an open source license (openClinica).

10. Compliant to regulations for clinical trials
All of the reviewed systems are compliant to ICH GCP and FDA 21 CFR part 11.

11. Use of standards

Since all of the systems are compliant to ICH GCP and FDA 21 CFR part 11 all of them
provide advanced security mechanisms (password protected access, audit trail, encrypted
data transmission,..).

All have an advanced roles and rights management (Add new users, assigning user
permissions and defining roles).

For clinical trials that are sponsored by research organizations often in-house developments
are used not at last because of the fact that commercial clinical data management systems
are very expensive. We have not included those systems into our analysis. [WEB2004]

In the following section the systems analyzed are summarized.

10.7.1 Review of Data Management Systems for Clinical Trials

Overview of Clinical Data Management Systems

In the following table a list of currently available Clinical Data Management Systems is
shown. We have sent a questionnaire to all of the companies querying the features of the
systems. We have integrated only the systems of the companies that answered our request
into our analysis.

Name Company URL

itrial Interactive Clinical Technologies | http://www.icti-almac.com
Incorporated

TrialXS Clinsource http://www.clinsource.com

eResearch Network

eResearch Technology

http://www.ert.com

eClinical Suite

Etrials Worldwide, Inc.

http://www.etrials.com

Datafax

Clinical DataFax Systems Inc.

http://www.datafax.com
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secuTrial iIAS http://www.secutrial.com
MACRO InferMed http://www.infermed.com

Oracle Clinical Oracle www.oracle.com

InForm PhaseForward http://www.phaseforward.com
StudyWorks PHT Corporation http://www.phtcorp.com
TRIALink TeamWorks http://www.teamworks.de
Studymanager ACS http://www.clinicalsoftware.net
openClinica Akaza Research http://www.openclinica.org

Clinical Data Management Systems - Features

White spaces in the tables indicate that the information is not known to us.

secuTrial
Name secuTrial
Company IAS
General
URL www.secutrial.com
Advantages flexible, user friendly, web based, high experience of the company;
according to the
company modular and scalable structure, combining all components in one user

interface, intelligent and intuitive user guidance;

Technical support

Depending on configuration

necessary?

Price Depending on number of patients, duration of trial

Features

Data entry RDE

CRF FormBuilder can be used to create Case Report Forms

development

Edit checks To define arbitrarily detailed consistency checks and
interdependencies is possible;
Form logic and edit checks:
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able to checks the form's completion grade on submit of data;
Format checks:

Checks logical conditions (numbers, dates etc.)

Plausibility check:

Univariat (compare to limits for the specific field)

Multivariate (compare to related values in other fields)

Support of data

For every data item in a CRF a monitor can enter a question that can

monitoring be answered by the investigator;
Message system that allows participants of the study to communicate
with each other
Reporting Concise reports possible, different report and analysis can be set up
(for example showing graphical view of how many patients have been
recruited)
Data export Export of data is possible in the following formats: SAS, CDISC-XML,
CSV or TXT
Supported CDISC XML
standards
Regulatory ICH GCP, 21 CFR part 11
compliance
Technology Database: Oracle 9i
MACRO
Name MACRO
Company InferMed
General
URL www.infermed.com
Advantages Audit trail, electronic signatures, clinical query management
according to the
company

Technical support
necessary?

Depending upon situation;

Obligatory annual maintenance fee that covers:
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- Software functional error correction
- Incident logging
- Minor upgrades (approximately every 6 months)
- Significant discount on major upgrades (min 30%)

Price Depending on number of users and their role

Features

Data entry RDE;
Multimedia Data collection is fully supported

CREF design CRFs can be designed by no technical user; but a 1-2 days training is
necessary,

Edit checks Validation rules for the eCRFs can be set up in the “expression editor”

Support of data

Communication with data monitors via a system of electronic notes

monitoring attached to individual questions on the CRFs
Reporting Creating of self defined data views possible
Querying of databases possible
Data export Extraction of data in the following formats is possible: SAS, SPSS or
CSv
Supported MedDRA,;
standards
CDISC ODM import and export
Regulatory ICH GCP, 21 CFR part 11, EC Clinical Trial Directive
Compliance
Technology Database: MSDE 2000, SQL Server 2000, Oracle 8.1.7
etrials
Name eClinical Suite
Company Etrials Worldwide, Inc.
General
URL http://www.etrials.com
Advantages - 450 clinical trials, top 20 pharmaceutical/ biotechnology companies,
according to the SOPs, QA Audits, input of different data
company
- Only fully integrated platform for the collection, management and
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analysis of clinical data

Technical support

Training and support are most important

necessary?

Price Depending on number of users and their role

Features

Data entry RDE

CRF Training is necessary but can the be performed from a user without

development

informatics skills

Edit checks Built-in edit checks
Reporting End_use_zrs can access a robust ad hoc reporting tool from within the
application
Monitoring Monitors are able to apply queries or notes to any data item on a CRF
Data export Export possible in Excel spreadsheets, XML, various delimited text
files,
Supported Supports CDISC SDTM and ODM formats;
standards
Etrials supports integration with standard industry dictionaries
(COSTART, MedDRA,
ICD) and customer-specific dictionaries
Regulatory ICH GCP, 21 CFR part 11, Health Insurance Portability and
Compliance Accountability Act (HIPAA)
Technology Database: Oracle
DataFax
Name DataFax
Company Clinical DataFax Systems Inc.
General
URL http://www.datafax.com
Advantages Compliant with FDA, to have paper CRF for using FAX
according to the
company

Technical support
necessary?

License fee includes technical support during office hours
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Price 1 user license: $ 16.000/year, 2 users: $ 29.000, 2nd year 50 %

Features

Data entry Paper based CRFs send by fax and can be recognized automatically;
In the next version RDE will be also possible

CRF CRF design possible

development

Edit checks

Edit checks can be integrated (provides powerful edit check language)

Support of data

monitoring
Reporting Includes standard study management reports, patient data listings,
workflow summaries, data queries, descriptive statistics, etc.
Data export Export in ASCII files, SAS datasets and Oracle, PostgreSQL and
MySQL possible
Supported
standards
Regulatory ICH GCP and 21CFR part 11
Compliance
Technology Database: own internal database structure (indexed ASCII files)
StudyManager
Company ACS
General
URL www.clinicalsoftware.net
Advantages Most widely used, most mature, best supported
according to the
company

Technical support

Does not require assistance from informatics when the trial is running

necessary?

Price Depending on modules, anticipated users, implementation

Features

Data entry RDE

CRF Easy-to-use design and layout tool let create CRFs to capture virtually
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development

any type of data,

Edit checks

A wide variety of validation rules can be assigned to each data field,
ensuring that data is entered correctly. Ranges of acceptable values
can be set or whether data is required within a field. Multiple rules for a
single field can be set and field values can be validated against other
fields

Support of data

monitoring

Reporting Flexible report builder that enables customization of report templates
Data export

Supported Accepts all types of data coding, based on the costumers
standards requirements

Regulatory ICH GCP and 21 CFR part 11, HIPAA Compliance

Compliance

Technology Database: Microsoft SQL;

Frontend is web based application; uses .net technology

InForm

Name InForm

Company PhaseForward

General

URL http://www.phaseforward.com

Advantages > 1000 clinical studies across 100 countries

according to the

company

Technical support
necessary?

Not necessary

Price

Depending on number of CRF and patients, duration of trial

Features

Data entry

RDE

CRF
development

eCRFs have to be done by the company at the beginning

Edit check
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Support of data
monitoring

Reporting

for
tools/

Interfaces
analysis
data export

Supported
standards

Regulatory
Compliance

ICH GCP; CFR Part 11

Technology

Database: Oracle

openClinica

Name

openClinica

Company

Akaza Research

General

URL

www.openclinica.org

Advantages
according to the
company

Leading open source clinical trials management system

Technical support

No, but the company offers users to subscribe to support services that

development

necessary? provide software users with the assurance of professional technical
assistance in a timely and thorough manner (not for free)

Price Open Source LGPL licence

Features

Data entry RDE

CRF CRFs can be designed by using Excel Design Templates

Edit checks

For every data item on the CRF an validation expression (regular
expressions, range checks..) can be defined and an error message
that should appear if an entered value does not satisfy the validation
criteria

Support of data
monitoring

No special support
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Reporting Limited reporting functions, possible to define datasets and filters
Interfaces for | Datasets can be created including the data collected on different
analysis tools/ | CRFs, this datasets can be exported in currently 4 different formats:
data export HTML, tab-delimited text, comma-delimited text, or SPSS format
Supported CDIsC

standards

Regulatory ICH GCP; CFR Part 11

Compliance

Technology
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11 Tools for the creation and management of
clinical trials

11.1 Introduction

Clinical Data Management (CDM) is the process of collecting and validating data during a
clinical trial. Therefore it is a crucial part of the clinical trial process, which ensures the
validity, quality, integrity and completeness of the collected data. It is still one of the main
problems in that process that clinical data management systems often do not integrate
extensive metadata to describe the data collected during a clinical trial. That makes reuse of
the data difficult even for human experts. [CHO2004] For the services in the ACGT
environment it is crucial that reliable, well defined clinical data is provided as their input.

A very important part of the clinical trial protocol is the definition of data that has to be
recorded for every patient in the trial. Standardizing these data and unambiguous definitions
is a prerequisite for consistent quality permitting reuse and sharing of data. Based on the
clinical trial protocol, the documentation system is developed. The most important parts of
such a system are the “Case Report Forms