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In this paper, we describe an analysis tool based on the statistical environment R, GridR, which allows
using the collection of methodologies available as R packages in a grid environment. It provides the
user with transparent and seamless access to large-scale distributed computational services and data
repositories within the secure and reliable framework of a grid system. The aim of GridR, which was
initiated in the context of the EU project Advancing Clinico-Genomics Trials on Cancer (ACGT), is to
provide a powerful framework for the analysis of clinico-genomic trials involving large amount of data
(e.g. microarray-based clinical trials). As a proof of the concept, an example of microarray-based analysis
taken from the literature was reproduced using GridR.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Scientific research today, and eScience in particular, is often
characterized by an iterative process, switching between human
hypothesis generation and experimentation, and computationally
intensive data checking and statistical analysis. In cancer research
for instance, the identification of novel biomarkers with the recent
use of high-throughput technologies such as gene expression
arrays (microarrays) has suggested new approaches to patient
treatment. For instance, in [7], microarray information allows to
identify a subtype of breast cancer, in which the gene pattern
suggests that it might be treated with drugs known to be
efficient with prostate cancer, which is why we selected this
work as illustration for the use of our grid-based data analysis
environment. This new hypothesis, currently tested in the context
of a clinical trial [6], will generate new data which can help
further refinements in the characterization of the disease. An
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issue with recent clinical trials is the increasing difficulty of the
statistical treatment of data, both because of the increasing size
of the data sets, and of the complexity of the statistical design
of the experiments. The R statistical toolkit [19] has proven to
be the tool of choice to address this issue in a wide variety of
applications because of its flexibility and interactivity, and the
large number of available software packages. However, in state of
the art scientific research, single tools usually do not suffice, as
important steps such as data gathering and data integration, and
important requirements such as data privacy and reliability have to
be taken care of. Grid technologies promise to effectively deal with
these requirements, however often at the cost of high additional
effort and less interactivity. In this paper, GridR [26], a software to
transparently embed the R environment into a grid framework is
presented and evaluated in the context of ACGT [1], a large-scale
project in the area of medical informatics.

1.1. Overview of ACGT

In recent years, the rapid development of high-throughput
genomics and post-genomics technologies has provided clinicians
fighting cancer with new discovery paths and has opened
the possibility to develop patient-specific treatment strategies.
However, the amount of information now available for each patient
(e.g. in microarray context from 10’000s to 100°000s of variables
summarizing up-to millions of array features) has rendered
difficult the isolation of the clinically relevant information from
all available data. Considering the current size of clinical trials


http://www.elsevier.com/locate/fgcs
http://www.elsevier.com/locate/fgcs
mailto:dennis.wegener@iais.fraunhofer.de
mailto:thierry.sengstag@isb-sib.ch
mailto:ssfak@ics.forth.gr
mailto:stefan.rueping@iais.fraunhofer.de
mailto:anthony.assi@inria.fr
http://dx.doi.org/10.1016/j.future.2008.09.004

482 D. Wegener et al. / Future Generation Computer Systems 25 (2009) 481-488

(hundreds to thousands of patients), there is a clear need,
both from the viewpoint of the fundamental research and from
that of the treatment of individual patients, for a data analysis
environment that allows the exploitation of this enormous pool of
data [21]. This is the aim of the Advancing Clinico-Genomics Trials
on Cancer (ACGT) project [1].

ACGT aims at developing an open-source IT infrastructure
to provide the biomedical community with the tools needed to
integrate complex clinical information and make a concrete step
towards the tailorization of treatment to the patient.

On the data side, the ACGT environment is designed to
be versatile and will allow the integration of databases with
data both from existing (e.g. microarrays, imaging) and future
(e.g. sequencing and proteomics) high-throughput technologies.
The design of the platform considers the integration of private
(i.e. trial-specific) databases with public ones, thus making publicly
available datasets potentially immediately available for hypothesis
validation and meta-analyses.

On the methodology side, the ACGT platform is designed to
be modular, allowing to integrate additional data analysis tools
(software, both open-source and commercial, web services) as
plug-ins, as they become available.

Considering that the amount of data generated is expected to
rise to several gigabytes of data per patient in a close future access
to high-performance computing resources will be unavoidable.
Hence, grid computing [9] appears as a promising technology.
Access and use of grid-based resources is thus an integral part of
the design of the infrastructure.

There are a number of other projects that aim at developing
grid-based infrastructure for post-genomic cancer clinical trials,
the most advanced of which are NCI's caBIG [4] (Cancer Biomedical
Informatics Grid) in the USA and CancerGrid [3] in the UK. The
overall approach in those projects is somewhat different from the
one in ACGT. In caBIG and CancerGrid, 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
a relatively weak concern on data privacy issues and a looser
approach to semantic integration of data. Somewhat differently
the ACGT data and security architecture emphasizes the concern to
provide an ethically and legally sound treatment of patient data in
a grid environment. In addition, ACGT uses an “uniform ontology”'-
based approach to data annotation which greatly facilitates the
integration of heterogeneous data sources.

Security is of paramount importance to have such an architec-
ture accepted in the clinical community. Thus, the ACGT architec-
ture guarantees that the data issued from clinical trials are properly
anonymized before any processing, transport or temporary storage
on publicly accessible infrastructures occurs. Access to the various
components of the system is granted only after a proper identifi-
cation of the user and on a case-by-case basis. Anonymized data
can be re-identified upon request of stakeholders entitled to have
access to non-anonymized data through the services of a trusted
third-party. The Center for Data Protection [5] was created for this
purpose as a spin-off of the project ACGT.

Despite their apparent complexity, these security mechanisms
are fully transparent to the user, once s/he has undergone a one-
time registration procedure at an ACGT-recognized certification
body.

Two on-going international clinical trials are actually conducted
in the framework of the ACGT project, thus ensuring that clinicians’
and biomedical data analysts’ needs remain at the heart of the
development of the platform.

1.2. Rin clinico-genomic context

The present article describes the initial implementation of
GridR [26] one of the core analysis tools to be used in the
ACGT environment. GridR is based on the open-source statistical
package R [19]. The R environment provides a broad range of
state of the art statistical, graphical techniques and advanced data
mining methods (including comprehensive packages for linear
and non-linear modelling, cluster analysis, prediction, hypothesis
tests, resampling, survival analysis, time-series analysis, etc.), it
is easily extensible and turned out as the de facto standard for
statistical research in many applied statistics project. In particular
the associated project BioConductor [11] addresses the needs of
the biomedical and biostatisticians community by providing very
quickly R packages to analyze data issued from new technologies
appearing in the biology laboratory.

Numerous methods available as R/BioConductor packages and
considered experimental a few years ago have been stabilized
and became accepted standard in the analysis of high-throughput
genomic data. Integrating R/BioConductor in an open-source
clinical data-analysis environment is thus completely meaningful.

In the design of the ACGT analysis environment, R was
meant to be used interactively as well as wrapped in analysis
components embedded in workflows. R as used interactively
allows a programmatic access to the resources of the ACGT
environment, e.g., running R code for analysis on the grid from
within a local R session. Used as an analysis component in
workflows, it allows a seamless integration of the functionality of R
with the ACGT semantic data services, hiding the implementation
details of the R scripts from the workflow developer.. These two
approaches in the use of R form the core of GridR, which aims at
hiding the complexity of the grid environment from the user. The
biggest novelty introduced by GridR is the exploitation of state of
the art grid infrastructures for the efficient and secure execution of
R code. GridR is integrated with the rest of the ACGT environment
but can also be used separately provided that a compliant grid
platform is in place.

The rest of the paper is organized as follows: In Section 2
we sketch the ACGT architecture and give an overview over the
key components. Section 3 describes the main features, GridR, as
implemented in ACGT. In Section 4 the clinico-genomics analysis
scenario (“Farmer scenario”) used for the present illustration is
described, which is evaluated in Section 5. In Section 6 we give
an overview of related work. Finally, in Section 7 we discuss the
results of the paper and give a future outlook.

2. ACGT architecture

The ACGT requirements in terms of data management, effi-
cient utilization of computational resources, and security can be
matched by the adoption of a grid infrastructure. The adopted ar-
chitecture builds upon the grid fabric and it is further enhanced by
the deployment of Web Services and Semantic Web technologies.
These technologies, although initially separated, are currently con-
verging in a complementary way and the ACGT platform is a case
which demonstrates the feasibility and the added-value of such a
convergence and integration.

The architecture that was adopted for ACGT is shown in greater
detail in Fig. 1. A layered approach has been followed to providing
different levels of abstraction and a classification of functionality
into groups of homologous software entities [24]. In this approach
the security services and components are pervasive throughout
ACGT in order to facilitate user management, trust bindings
and access-rights management and enforcement. The Grid and
domain-specific security mechanism used ensure the proper
implementation of security requirements like pseudonymization
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Fig. 1. The ACGT layered initial architecture.

and anonymization. Apart from the security requirements, the grid
infrastructure and other services are located in the first two layers
(bottom of Fig. 1). In particular the grid Authorization Service
(GAS) is the central entity for managing access authorization rules
in the context of a Virtual Organization and Myproxy services
greatly facilitate the credentials management tasks by storing
the user certificates through a familiar user name and password
authentication mechanism.

The middle layer consists of the Bioinformatics and Knowledge
Discovery Services. These services are the “workhorse” of ACGT
and the corresponding layer is where the majority of ACGT specific
services lie. Some characteristic examples of these services are:

e Mediator Services that offer uniform access to distributed and
heterogeneous clinical and biomedical databases.

e Ontology Services that provide a conceptualization of the
domain through the Master Ontology for Cancer and the
“domain of discourse” for constructing complex queries for the
mediator services.

o Workflow Enactment Services that support the efficient man-
agement and execution of complex biomedical workflows.

e Metadata Repositories environment which ensures the persis-
tence and proper management of the metadata description of
the services available to the users.

e A number of data mining and knowledge discovery tools and
services that fulfill the data analysis requirements of ACGT, with
GridR as one of the most prominent tools.

The upper layer is where the user-accessed services, such as the
portal and the visualization tools, reside. The portal is the main
entry point for ACGT. The majority of the tasks a user needs to
do in the context of a clinical trial, be it analysis of biological data,
execution of services, enactment of published workflows, training
and learning activities, and so on, are supported by the ACGT portal
and its “portlets”. Though this portal the users are able to also
design new scientific workflows that combine data retrieval tasks
and different data analysis tools in order to either test a hypothesis,
or implement an experiment or a scenario. These activities are
supported by the ACGT workflow editor (shown in Fig. 2), a web
based drawing and workflow designing tool. The workflow editor
is integrated with the rest of the architecture and provides, in
particular, a graphical browser which facilitates the discovery of
the existing ACGT services and their composition. In comparison to
existing workflow editing environments the ACGT workflow editor

is an example of the “Software as a Service” approach, eliminating
the need to install and run the application on the users’ desktop
machines, and also featuring better integration with the grid and
Service Oriented Architecture of the platform (e.g. server side
execution of the workflows, central repository of all the workflows
to better support sharing, etc.), Users can thus develop complex
analysis pipelines, by interconnecting services registered in the
metadata repository, and store them as new services for later reuse
by the same or other users.

R scripts can be wrapped into such workflow elements by using
GridR, hence giving the possibility to perform highly complex and
flexible analyses. At the workflow level GridR is considered as a
simple service that accepts an R script as input. Upon enactment of
such workflow component, the details and the complexity of the
mechanisms involved in the execution are hidden from the user.
The R scripts are considered as another kind of reusable entities
that are shared between the ACGT users and that are discoverable
on the basis of their metadata descriptions, e.g. the algorithm they
implement, the data types of their inputs, their quality properties
(e.g. performance), etc.

The workflow depicted on Fig. 2 is an example of a specialized
workflow, developed in another context, which interfaces two
GridR scripts with a number of data sources (specifically: a set of
mediator queries to and a set of static files) to produce the various
types outputs, e.g. plots and matrices.

In summary, in terms of the architecture GridR is one of
several ACGT services, which provides the use of R as a workflow
component, that can be seamlessly integrated with the other
data access and data analysis services. This integration is realized
in practice by exposing a Web Service interface that makes it
compliant with the platform.

As already mentioned, GridR can be also used in the traditional
sense, i.e., in the context of a separate interactive R environment,
through the call of a number of user functions (see Table 1).
Such an interface is adequate for more advanced users or users
that want to create new scripts for GridR that can subsequently
shared in the context of ACGT. With respect to security both
approaches are based on working with Myproxy credentials. For
using R as interactive client, the information on the Myproxy
certificate to be used can be pre-configured in a configuration
file or passed when calling the respective functions interactively,
whereas in the workflow context credential delegation is used. In
the next section, however, we provide details about the internal
mechanisms underlying the implementation of GridR without
looking in detail at the different interfaces it provides to the users.


















