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Abstract The analysis of clinico-genomic data poses complex computa-
tional problems. In the project ACGT, a grid-based software system to sup-
port clinicians and bio-statisticians in their daily work is being developed.
Starting with a detailed user requirements analysis, and with the continu-
ous integration of usability analysis in the development process, the project
strives to develop an architecture that will substantially improve the way
clinico-genomic trials are conducted today. In this paper, results of the ini-
tial requirements analysis and approaches to address these requirements are
presented. We also discuss the importance of appropriate metadata to tailor
the system to the needs of the users.

1 Introduction

The goal of the Advancing Clinico-Genomics Trials on Cancer (ACGT1)
project is to develop an open-source and open access IT infrastructure that
provides the biomedical research community with the tools needed to in-
tegrate complex clinical information and make a concrete step towards the
tailorization of treatment to the patient[4]. The necessity of such an envi-
ronment is evident today more than ever due to the recent advancements in
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high throughput genomics and post-genomics technologies. These technolo-
gies yield an enormous pool of data that needs to be managed, analysed,
correlated, and comprehended for the treatment of diseases like cancer and
for the benefit of the community at large.

In this paper we discuss how the clinical requirements for such an environ-
ment can be addressed in a large-scale system and how appropriate meta data
can be used to achieve satisfaction of the end user. The rest of the paper is
structured as follows: Section 2 gives an overview over the user requirements
analysis that was conducted in ACGT and highlight the main challenges.
Section 3 introduces the main ACGT architecture, and in Section 4 some
new approaches to address the user requirements are presented. Section 5
concludes.

2 The End-User View

Treatment and survival of patients with cancer is increasing steadily for most
age groups as shown in Fig. 1 which gives the average annual percentage
change over a period of 10 years. One of the most important reasons for this
success story is the enrollment of patients in prospective clinical trials. Nev-
ertheless, for most clinical trials in cancer, the number of patients recruited
is much lesser than the number of eligible patients. In adults only 5% of
cancer patients are participating in such trials. Therefore, higher rates are of
utmost importance, especially in those cancers with still a dismal prognosis.
To achieve this goal it is necessary to facilitate the building and running of
clinical trials and to attract more patients to participate. In addition, the im-
provement in molecular biology has to be taken into account to create more
clinico-genomic trials.

Recent advances in methods and technologies in molecular biology have
resulted in an explosion of information and knowledge about cancer and
its treatment. As a result, our ability to characterize and understand the
various forms of cancer is growing exponentially. 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 an enormous
opportunity to improve prognosis of patients with cancer by individualizing
treatment. To achieve this goal, a unifying platform is needed that has the
capacity to process this huge amount of multi-level and heterogeneous data in
a standardized way. Multi-level data collection within clinico-genomic trials
and interdisciplinary analysis by clinicians, molecular biologists and others
involved in life science is mandatory to further improve the outcome of cancer
patients. It is essential to merge the research results of biomolecular findings,
imaging studies and clinical data of patients and to enable users to easily
join, analyze and share even great amounts of data. To provide a functional
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Fig. 1 Average annual change in survival in patients with cancer [5].

and user-friendly platform it is of utmost importance that the development
of such a platform is user-driven and evaluated by end users right from the
planning and development phase. Tools and software developed within ACGT
are based on the user’s needs and have to be in accordance with ethical and
legal requirements of the European Community.

The project has selected indicative Clinical Trials on Cancer, namely
breast cancer, pediatric nephroblastoma and in-silico modeling and simula-
tion of tumor growth and response to treatment, for the initial requirements
gathering activity. Since ACGT sees 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 require-
ments engineering process are information about existing systems, user and
stakeholder needs, organizational standards, regulations and other domain in-
formation. As clinico-genomic trials are in the center of ACGT a Clinical Trial
Management System is of utmost importance, to collect clinical, biomedical,
imaging and other trial specific and relevant data. ACGT will provide such a
tool, called ObTiMA [7, 8], whose functionality includes administrative and
scientific aspects of clinico-genomic trials.

It has to be stressed that such a complex platform as ACGT, dealing
with extremely sensitive data (patient data) and used by many different,
sometimes multi-role, end-users, having different needs and requirements, a
Data Protection Framework for ACGT is mandatory. This is based on the
anonymization of patient data, the informed consent from participating pa-
tients and the binding of partners/centers by contracts to the ACGT policies
and procedures and will ensure compliance with the Data Protection regula-
tions. In addition and from an ethical point of view it is strongly demanded to

AIAI-2009 Workshops Proceedings [38]



let patients participate in and have a measure of influence over the processing
of their genetic data.

To assure the success and functionality of the ACGT environment end-
users are involved in every step of the development process.

2.1 Main Requirements

In summary, the user requirements that have been identified by the clinical
experts for the ACGT environment can be divided into the following aspects:

• Appropriateness: the data analysis environment should provide the appro-
priate tools and services to support users in the state-of-the-art scientific
analysis of biomedical data. Section 4.1 introduces the use of the GridR
component [9], a “gridified” version of the well-known R statistical soft-
ware, which is a de-facto standard for many kinds of biomedical data
analysis.

• Extensibility and reusability: the platform should be easily extensible to
new tasks and existing solutions should be easily reusable and transferable
to similar problems. Extensibility is addressed in Section 4.1, while an
important aspect of reusability, namely quality control, is described in
Section 4.5

• Performance: the system must be performant enough to facilitate large
analysis and optimization tasks, which calls for an efficient use of the grid
architecture. Challenges exists not only because of the size of the data
sets (see Section 4.2), but also from their complexity and heterogeneity
(Section 4.3), which is a result of the distributed nature of pan-european
clinical trials.

• Security: The system must be secure and protect the privacy of the in-
volved patients. This is discussed in Section 4.4.

• Usability: the system should be easy to use for inexperienced users, but
also provide a powerful interface for experts. Usability is best achieved
by a continuous process of evaluation and optimization. In Section 4.6,
approaches to automatically identify parts of the system that require a
high amount of attention are discussed.

3 The ACGT Architecture

The complexity and the diversity of user requirements have a strong impact
on the design of the ACGT architecture. It is evident that a multidisciplinary
and multiparadigm approach is necessary in order to deal with these require-
ments. For these reasons the ACGT platform is designed according to the

AIAI-2009 Workshops Proceedings [39]



Fig. 2 The ACGT layered architecture

following technologies and standards: Service Oriented Architecture (Web
Services), the grid, and the Semantic Web. In essence, the grid provides the
computational and data storage infrastructure, the general security frame-
work, the virtual organization abstraction and relevant user management
mechanisms etc. The machine to machine communication is performed via
XML programmatic interfaces over web transport protocols, which are com-
monly referred as Web Services interfaces. Finally the Semantic Web adds
the knowledge representation mechanisms through the means of OWL on-
tologies, the implementation-neutral query facilities with the SPARQL “uni-
versal” query language and the associated query interfaces.

The adopted architecture for ACGT is shown in Fig. 2. A layered approach
has been followed for providing different levels of abstraction and a classi-
fication of functionality into groups of homologous software entities. In this
approach we consider the security services and components to be pervasive
throughout ACGT so as to provide both for the user management, access
rights management and enforcement, and trust bindings that are facilitated
by the grid and domain specific security requirements like pseudonymization.
Apart from the security requirements, the grid infrastructure and other ser-
vices are located in the first (lowest) two layers: the Common Grid Layer
and the Advanced Grid Middleware Layer. The upper layer is where the user
access services, such as the portal and the visualization tools, reside. Finally,
the Bioinformatics and Knowledge Discovery Services are the “workhorse” of
ACGT and the corresponding layer is where the majority of ACGT specific
services lie.
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4 Addressing the User Requirements in ACGT

In the following, we will try to give a short overview of how to integrate the
user requirements of Section 2 into the ACGT grid architecture.

4.1 Extensibility

The requirement for extensibility is very important in the context of grid-
enabled data mining [11]. Especially, in order to keep track with new scien-
tific developments, it is crucial to be able to quickly integrate new analysis
services or algorithms into a data mining platform. Related to the ACGT
environment, extensibility denotes the possibility of extending the environ-
ment at the workflow level, at the service level, or at the algorithm level. In
order to deal with such requirements we have found that the use of metadata
descriptions and the ontology based integration of the ACGT platform com-
ponents provides a future proof approach to extensibility. In the following
we will introduce GridR [9] as an example to demonstrate how the ACGT
system can easily be extended by new services and algorithms.

GridR is an analysis tool based on the statistical environment R [3] that
allows using the collection of methodologies available as R packages in a
grid environment. The aim of GridR is to provide a powerful framework for
the analysis of clinico-genomic trials involving large amount of data (e.g.
microarray-based clinical trials). The GridR service (see Fig. 3) combines the
wide spectrum of methods available in R with an effective distributed grid
data management system (DMS) and efficient execution supported by a grid
resource management system (GRMS), see [10]. In this fashion, users can
make efficient use of distributed, parallel computational resources in their
R scripts, while all the technical details are hidden from them. The R code
to be executed can be given directly by the user in the form of a script,
but in order to increase the possibility of distributing and re-using code, the
intended way to execute R code is by storing it in a metadata repository, such
that it becomes available to the whole system. Technically, an R function or
script f thus becomes an f−service. Consequently, users who prefer to work
on the workflow level and not edit their own code can make use of available
R scripts and even all the single R functions in R libraries in their workflows.

Along these lines new algorithms can be “gridified” and be seamlessly
integrated with the rest of the ACGT grid environment without a need for
changing the service’s or the R script’s implementation.
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Fig. 3 GridR Architecture

4.2 Large Data Sets

Data is the most valuable asset of ACGT and therefore the platform should
be able to manage big data sets in an efficient and secure way. The storage
and the transfer of the data is of particular importance and something that
should be taken care in a uniform way in the whole ACGT environment.

Data storage requirements are addressed by the grid infrastructure and
the ACGT “Data Grid”, which controls the sharing and the management of
large amounts of distributed data. However, an additional issue has to do
with the protocols, infrastructure, and policies for moving these large data
sets to the processing nodes where the data analysis is performed. In some
cases the grid infrastructure could be employed so that instead of moving
the data around, the processing tasks, by the means of grid job submission
and scheduling services, are transferred where the data reside. Nevertheless,
the majority of services and data processing tools in ACGT are implemented
as XML Web Services that are accessible through the network. Being a text
format, XML is well known for its unfriendliness for transferring binary data.
There are a couple of solutions for this ranging from encoding the binary data
in hexadecimal or, most often, in Base64 text format, to using “attachments”
in the SOAP messages. Nevertheless these approaches impose additional pro-
cessing and bandwidth costs and so we opt for another option, which is to
transmit references to data as part of the Web Services interaction while the
data itself can be transferred through “out of band” channels, e.g. by the
means of GridFTP. This approach offers the advantage of “quicker” XML in-
teractions, easier and more performant service composition since there is no
need to “get” (download) a huge binary data set in order to “give” (upload)
it to another service, identity of the data so that they can associated with
metadata through their references, etc.
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4.3 Complex Data

A particular characteristic of data analysis in clinical trials is that the data
used in a statistical analysis can be very heterogeneous and dynamic, mean-
ing that many different tools and approaches may be necessary to analyze
the data, but also that intermediate results may become invalid as the trial
progresses and more data becomes available. The situation is further exacer-
bated when improved interactivity can result in changing workflows on the
fly and cloning running workflows to explore alternatives in parallel. This in-
volves the risk that the user becomes overwhelmed by the enormous amount
of information and choices that are available to him. Hence, approaches to
help the user better deal with the possibilities of the system are necessary.

For these reasons, a hyperlinked presentation of information has been pro-
posed as a tool for better supporting the collaboration in scientific com-
munities [6]. In essence, provenance information can be viewed as a graph
of services invocations, with edges representing several types of lineage and
provenance. For example, relationships such as “produced-by”, “part-of”,
“derived-from”, “input-of” etc. can be modeled this way. Each entity (e.g.
service, data) is identified by an HTTP URI to provide identification, re-
trieval, and linking facilities for constructing a web of data and metadata in
accordance with the Semantic Web vision [1]. Therefore in ACGT we aim to
employ the semantic web technology in order to facilitate the tasks of both
the users and the intelligent knowledge extraction services. Users are able to
navigate to the information graph formed by the casual and other relation-
ships between and among services and data just by following the hyperlinking
paradigm that was popularized by the World Wide Web. On the other hand,
semantic web enabled software entities are empowered to take advantage of
the semantically rich content and to draw conclusions and knowledge based
on the referenced ontologies.

4.4 Security

The sensitivity of the patient data requires a strong security framework to
provide enough safety nets in order to maintain privacy, confidentiality, and
integrity. The grid middleware already supports much of the necessary in-
frastructure, in terms of certificate based Grid Security Infrastructure (GSI),
the Virtual Organization (VO) abstraction and the user credential manage-
ment, and the Grid Authorization Services (GAS). In ACGT this “system
level” security is complemented by “domain specific” mechanisms like pseu-
domymization that permits the identification of patient specific information
without revealing the true person identity. All data is anomymized before
their entry in ACGT and even during their analysis all the processing tasks
are audited and authorized based on the end users’ identity[2].
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An interesting assertion about security of services can be made when us-
ing tool repositories as described in Section 4.1: with a standard web service,
which can be deployed anywhere, it is principally impossible to give tech-
nical guarantees about which code is executed, as only the interface of the
service is given and standardized. In general this is a desired property of web
services, however, when considering data security, this means that external
(legal) measures have to be taken to prohibit the service owner from disclos-
ing information about the data. With the use of tool repositories, it can be
guaranteed by a central instance, that the code in the repository has been
reviewed and is secure to use, because the code that is being executed is di-
rectly transported to the execution site from the repository. In addition, this
shipment of algorithms allows to analyze the data on a secure site, without
needing to transport sensitive data.

4.5 Quality Control

In dynamic, distributed, and heterogeneous environments with multiple ac-
tors and complex use cases it is important to have a continuous validation
of the different functional components. Therefore an ACGT validation and
testing infrastructure is required to constantly monitor the ACGT services
and report any malfunctions. This infrastructure for the automatic testing
and validation of ACGT workflows and services is useful both for the initial
decision making process about the acceptance of a new service and for the
monitoring the status of the ACGT services as a whole. The status of ACGT
services and workflows is checked with respect to the following criteria:

• Liveness, i.e. that it’s “alive” and normally operating
• Correctness, i.e. that it delivers the correct results
• Performance, i.e. that it responds in a timely fashion

A number of tests are developed as scripts for each service according to
these criteria. These tests are of course service and workflow specific because
different components have different notions of correctness or performance.
Nevertheless all of them are given some sample input data and parameters
and based on this information they validate the target services according to
the services’ interface and functionality. The tests are stored centrally and
re-evaluated periodically.

The advantage of this testing scenario is that even complex, user-defined
workflows can be tested periodically, such that a single user can be notified if
a workflow (i.e. a scientific experiment) of hers fails to meet the expected re-
sults. In this way, not only software quality, but also the quality of published,
clinically relevant findings can be controlled.
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4.6 Usability

Much thought in the ACGT project is given to the usability of the final soft-
ware, including a formal usability analysis and end user integration through-
out the runtime of the project to guarantee that the software will meet the
requirements of the end users. Usability analysis is an important, but very
time consuming process. In this section, we will present some approaches on
how to improve the usability of the system using information present in the
system’s meta data.

The idea is that workflow execution statistics can be gathered together
with other meta data and put into relation with the user’s content with the
system. For example, an analysis of workflows which are often canceled can
provide the system’s administrator with valuable information on how help
users to select a better workflow. A statistic of the execution time of different
services can help a developer to choose which services to optimize. A list of
often used services can help new users to select good services.

Hyper-linking between meta data, workflow templates and workflow statis-
tics also allow for a more complex reasoning of the users intent. One example
could be as follows: the user executes different workflows on a data set, or
variants thereof. From the meta data of the data set the system finds out that
all the variants of the data set point to the same basic data set (e.g. a trial)
and hence can reason that all the workflow executions belong together. It
can then search the database of historic workflow executions to see whether
a similar groups of workflow have been executed by another user. If this is
the case, it is reasonable to assume that both users try to solve a similar
problem, and hence the best workflow of the old user can be suggested to
the new user. Of course, privacy aspects have to be considered in this kind
of scenario.

5 Conclusions

There are a number of projects that aim at developing grid-based infrastruc-
ture for post-genomic cancer clinical trials, the most advanced of which are
NCI’s caBIG2 in the USA and CancerGrid3 in the UK. The overall approach
in those projects is somewhat different from the one in ACGT. In caBIG, the
bottom-up, technology-oriented, approach was chosen, in which the focus was
put on the integration of a large number of analysis tools but with weak con-
cern on data privacy issues. CancerGrid on the other hand addresses the very
needs of the British clinical community. In contrast, the goal of the ACGT
project is develop a pan-european system that is driven by current demands

2 Cancer Biomedical Informatics Grid, https://cabig.nci.nih.gov/
3 http://www.cancergrid.org/
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from clinical practice. With two on-going international clinical trials actually
conducted in the framework of the project, the approach is top-down, with
clinicians’ and biomedical data analysts’ needs at the heart of all technical
decisions, considering data privacy issues as central as data analysis needs.

In this user driven endeavor the technical concerns raised by the multiplic-
ity and heterogeneity of user requirements demand state of the art methodolo-
gies and technologies. In the ACGT work plan the employment of ontologies
and metadata annotations and the realization of intelligent higher level ser-
vices are the primary implementation targets. Finally, in the realization of
this environment, we aspire that the users are also involved. Guided and fa-
cilitated by the infrastructure, they can actively participate by creating and
sharing information and knowledge. Only this way the ACGT is enriched and
improved to become a really useful scientific tool.
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2. B. Claerhout, N. Forgo, T. Krügel, M. Arning, and G. De Moor (2008): A Data Pro-
tection Framework for Transeuropean genetic research projects. Studies in health tech-
nology and informatics, vol. 141, 67.

3. R Development Core Team (2008) R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0,
http://www.R-project.org
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