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a b s t r a c t

The objective of the INTEGRATE project (http://www.fp7-integrate.eu/) that has recently concluded suc-
cessfully was the development of innovative biomedical applications focused on streamlining the execu-
tion of clinical research, on enabling multidisciplinary collaboration, on management and large-scale
sharing of multi-level heterogeneous datasets, and on the development of newmethodologies and of pre-
dictive multi-scale models in cancer.
In this paper, we present the way the INTEGRATE consortium has approached important challenges

such as the integration of multi-scale biomedical data in the context of post-genomic clinical trials,
the development of predictive models and the implementation of tools to facilitate the efficient execution
of postgenomic multi-centric clinical trials in breast cancer.
Furthermore, we provide a number of key ‘‘lessons learned” during the process and give directions for

further future research and development.
� 2016 Elsevier Inc. All rights reserved.

1. Introduction

There is a strong need in medical research, especially in com-
plex, heterogeneous diseases such as cancer, to achieve an all-

comprising harmonization of efforts across disciplines, organiza-
tions and industries. Wide-scale utilization of clinical data for
research is often hindered by fragmentation of methodologies
[1], by limited interoperability and adoption of standards [2], and
by lack of efficient and easy to use solutions to support collabora-
tion [3]. This results in high financial burden for health consumers
and slow transfer of new knowledge and technology into care.

The INTEGRATE project focused on overcoming several key
obstacles in oncology research by delivering an environment and
solutions to facilitate efficient clinical research and clinical trials
in particular in a multi-centric setting, building on experiences of
prior efforts and research results in the domain [4]. The project
was guided during the development by scenarios and require-
ments stemming from breast cancer research, provided by the clin-
ical partners in the project. We developed innovative
infrastructures to enable data and knowledge sharing, to foster
large-scale collaboration, to bring together heterogeneous multi-
scale biomedical data generated through standard and novel tech-
nologies within post-genomic clinical trials and seamlessly link to
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existing research and clinical infrastructures (clinical trial systems,
eCRFs, hospital EHRs) to enable a range of innovative applications
with high added-value. Essential to the INTEGRATE environment,
our semantic interoperability solution leverages existing and
widely-adopted standards. The semantic interoperability layer
has been implemented based on the HL7 v3 standard and on exist-
ing medical ontologies/terminologies: SNOMED-CT, MedDRA and
LOINC. The BRIDG standard has been used to represent the clinical
trial information in our environment. To be able to reuse previous
efforts in data sharing, modeling and knowledge generation and to
access relevant external sources of data and knowledge it is bene-
ficial to adhere whenever possible to existing standards. The use of
standards will also support the adoption of our solutions.

To facilitate efficient execution of post-genomic multi-centric
clinical trials, we focused on the study of issues related to the auto-
matic identification of eligible patients for inclusion into a clinical
study, which, based on available scientific evidence [5] remains a
key problem in contemporary clinical trials. We proposed a tool,
named DECIMA, to support recruitment through the automatic
evaluation of the eligibility of patients for trials based on matching
the characteristics of the patient population required by the trial to
the patient data available for instance in the hospital EHR.

We also developed a tool, named Central Review for Pathology
(CRP), focusing on efficient central review of pathology images in
order to enhance the collaboration among expert pathologists
and enable high-quality decision making.

In addition, to facilitate the use of the datasets available in the
environment for future research, we have built NONA, an expres-
sive and intuitive cohort selection application that enables users
to define, select, share and collaborate on cohorts of patient data-
sets that suit their research questions.

Finally, to enable both statistical and prediction analysis within
the INTEGRATE environment the Analysis Platform (AP) was imple-
mented supporting multiple project analysis scenarios.

The INTEGRATE technologies can be used by a large and multi-
disciplinary biomedical community, ranging from basic, transla-
tional and clinical researchers to the pharmaceutical industry, to
share data and knowledge, and to collaborate on creating new
knowledge with the end goal of improving patient outcome. This
paper initially describes our methods in Section 2. Then Section 3,
presents the key solutions delivered by the INTEGRATE project:
Reconfigurable infrastructure components; applications support-
ing collaboration and the efficient execution of clinical research;
a semantic interoperability solution and a standards-based data
model focused addressing the needs of breast cancer research
and care. We also detail, in Section 4 the technical validation of
our technologies and the clinical evaluation of the solutions carried
out with the clinical organizations in the project who are van-
guards in research and care in oncology. In Section 5 we present
related work and finally Section 6 concludes this paper and pre-
sents directions for future research.

2. Methods

2.1. Legal requirements

The first objective that needs to be supported by the INTEGRATE
computational platform is to enable efficient and effective data
sharing across institutional boundaries. Both health and genetic
data are collected and stored by the INTEGRATE platform and as
such distributed collaboration and research should be enabled
and promoted. Such secondary use of health data has a vital role
in improving and advancing medical knowledge [6], but it remains
essential that steps are taken to respect wishes of the patient
regarding secondary usage, and to ensure the privacy of the patient

during such use scenarios. Informed consent [7], together with
depersonalization and its related concepts of anonymization,
pseudonymization, and data minimization are key methods used
to provide this protection [8].

However, in principle, the processing of health and genetic data
is prohibited, except if the data subject (the patient) has given his/
her explicit consent to such processing (Data Protection Directive
[9], Article 8, §2, lit. a) or if one of the exemptions provided for
in article 8, §§2–5 is met (not applicable to our case). The consent
to the processing of sensitive personal data shall be given in writ-
ing and in addition, the data controller cannot legitimately allow
the processing of sensitive personal data in the absence of explicit
written consent of the patient.

The easiest way to run such a platform from a legal perspective
would be to use only anonymous data, as the processing of anony-
mous data does not need a legal basis or an informed consent of
the patient, as anonymous data is not personal data and would
therefore not fall under the scope of the Data Protection Directive.
Unfortunately, most of the data cannot be processed anonymously.
In addition, as the identification of each patient has to be guaran-
teed in order to give the best therapy, most of the data needed for
such a platform has to be processed in a pseudonymous way
(meaning replacing a person’s name and other identifying charac-
teristics with a label, in order to preclude identification of the data
subject or to render such identification substantially difficult). The
INTEGRATE platform should carefully conform to the aforemen-
tioned requirements and as such an ethical framework should be
constructed.

2.2. High-level architecture

The rationale for the technological developments of the INTE-
GRATE project lie in the actual IT needs of multicenter clinical tri-
als. Setting up, managing and implementing such trials is an
arduous and costly process [10]. There is a strong need to integrate
the available data and knowledge in comprehensive models sup-
ported by interoperable infrastructures and tools, to standardize
methodologies, and to achieve wide-scale data sharing and reuse,
and multidisciplinary collaboration. It is therefore becoming criti-
cal that several IT solutions need to be in place, while novel con-
cepts are also necessary for facilitating security, recruitment and
execution of such trials including quality control [11]. The INTE-
GRATE project proposed and implemented a technological envi-
ronment based on the following methodological principles:

� A security central authentication framework with Single-Sign-
On (SSO) functionality allowing the user to log in once to all
the services of INTEGRATE.

� Advanced tools and services for ensuring privacy protection of
patients.

� A semantic interoperability solution for the homogenous repre-
sentation and assessment of clinical data in order to reduce
manual operations and render trial data seamlessly interopera-
ble with the specialized tools of INTEGRATE.

� Advanced, specialized tools for automating patient screening
processes, enhancing trial recruitment, facilitating the selection
of patient cohorts, allowing the remote collaboration of pathol-
ogists for reviewing digital pathology data, perform quality con-
trol between participating pathology centers and analyzing data
securely on the same platform for performing statistical analy-
ses and predictive modeling.

In addition, it follows the principles of the View – Viewpoint
model, as formalized in ANSI/IEEE 1471-2000, ISO/IEC
42010:2007 [12] and leverages several design principles:
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