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Interest in Translational Research has been growing rapidly in recent years. In this collision of different

data, technologies and cultures lie tremendous opportunities for the advancement of science and

business for organisations that are able to integrate, analyse and deliver this information effectively to

users. Workflow-based integration and analysis systems are becoming recognised as a fast and flexible

way to build applications that are tailored to scientific areas, yet are built on a common platform.

Workflow systems are allowing organisations to meet the key informatics challenges in Translational

Research and improve disease understanding and patient care.
The pharmaceutical and biotech industries continue to struggle

against difficult market conditions caused by increasing R&D

costs, high late-stage attrition, safety concerns, poor pipelines

and pricing pressure from healthcare bodies and generics. This

has resulted in decreasing valuations and shareholder confidence,

and a poor stock market for life sciences in the past three years,

while the rest of the market has grown strongly [1]. This is forcing a

dramatic re-think in many parts of the business; one such area of

re-invention is making drug discovery more patient-focused and

integrated with healthcare provision, as suggested by the NIH

Road map for accelerating bench to bedside discoveries [2]. Such

Translational Research is seen as a way to lever the knowledge and

expertise gained from using ‘omics and other such technologies to

increase the understanding of patients, bringing improvements in

attrition and delivery of targeted, safe and effective drugs.

Translational Research aims to bring together experimental

approaches that are commonly used in drug discovery, such as

gene expression, Genome Wide Association (GWA) studies and

proteomics, with data from clinical trials and more general patient

information [3]. Combining this information and making it easily

accessible to researchers enables them to design and test their

hypotheses more effectively. By integrating these previously sepa-

rate domains into a two-way process, Translational Research can

improve disease understanding, identify disease and efficacy bio-
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markers [4] and improve patient care. The resulting vision for drug

discovery companies is more effective and safer therapeutics, and a

reduction in spiralling drug development costs [5].

To provide an effective foundation for Translational Research,

an informatics infrastructure must support a number of capabil-

ities: advanced data integration techniques to bring together

clinical, sample and research data; powerful tools to normalise

and analyse translational data; appropriate user interfaces and

visualisation tools for technical and scientific user groups and

the flexibility to adapt to new techniques, technologies and pro-

cesses. Bringing clinical and research data together is, therefore, a

daunting prospect, but without an effective informatics infrastruc-

ture Translational Research is severely impaired.

Workflow technologies
Workflow-based systems allow analytical applications to be con-

structed visually without the need for coding (Figure 1), based on

data manipulation and analysis components, which can be

extended to incorporate new data sources and algorithms. This

type of visual programming enables non-software developers to

build and deliver analytical applications. Workflow systems pro-

vide a graphical environment in which data and analysis compo-

nents can be combined, usually representing a business or

scientific process, in an interactive environment. These work-

flows can then be run by an underlying workflow engine, meaning

that the process is not only captured, but also can be run as a
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FIGURE 1

A workflow combining patient and sample data, matching subjects into patient groups and analysing the resulting genotypic data before displaying it in a

pathway view and chromosome plot. Boxes represent data sources or analysis steps and the arrows indicate data flow.
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programme as well. This provides a powerful integration and

analytical environment to build scientific applications rapidly.

Workflow systems are widely used to drive web interfaces and

enable custom interfaces to be quickly developed and deployed.

They therefore lend themselves to providing specific interfaces for

different user groups. With commercial tools available from, for

example, InforSense (see: http://www.Inforsense.com), and open

source tools from Taverna [6], workflow systems are growing in

popularity within Life Sciences [7–11].

Workflow systems are particularly suited to addressing the IT

challenges inherent in Translational Research (Figure 2). They are

able to simplify the delivery of complex science because applica-

tions can be constructed and modified quickly. As a result, soft-

ware teams are very productive and are able to support multiple

groups of clinicians and researchers and respond to the rapidly

changing requirements found in Translational Research. Statisti-

cians and bio-informaticians use workflows to produce the best

practice data analysis and make it available to a wider scientific

audience via simple web interfaces, improving consistency.

Advanced analytical workflows can automate quality control

(QC) and analysis of individual ‘omics data sets and then combine

them to build predictive disease and healthcare models. Powerful

database access capabilities enable workflow tools to integrate

clinical, sample and experimental data into analysis workflows.

This combination of factors means that Translational Research can

be scaled up to address many therapeutic areas without over-

whelming statisticians, IT infrastructure and development teams.

The following sections review the data integration, data analy-

sis, user delivery and flexibility challenges of Translational

Research in more detail, and illustrate, using case studies, how

workflow systems have been used to address them.

Data integration
Biological systems are inherently complex and many scientific

fields have developed to study genes, proteins, chemicals and

diseases, resulting in an equally complex data and informatics
772 www.drugdiscoverytoday.com
infrastructure. For the pharmaceutical industry, it often means a

series of isolated domains of research that each focus on a parti-

cular area of science. Communication with other departments can

be poor, particularly between clinical and pre-clinical organisa-

tions. This disjointed infrastructure is viewed as being unsustain-

able, and approaches such as Translational Research are driving a

more integrated environment [12]. Having recognised these pro-

blems the industry is seeking to change culturally, and by devel-

oping informatics systems that are able to transcend boundaries.

There are significant IT challenges in integrating clinical data from

patient histories, lab results, pathology reports and clinical ques-

tionnaires [13]. Similar challenges can be found when integrating

experimental drug discovery data, where integration of siloed data

has long been a thorn in the side of IT departments.

Patient data, when in an electronic format, are often stored in

multiple databases and in different formats. It usually has an

operational focus that is not appropriate for supporting disease

studies. Before patient data can be integrated with research data

they need to be cleaned, normalised and combined into a single

source, usually an HL7 data warehouse (see: http://www.hl7.org).

This can then be used to assess potential patient populations for

appropriate conditions defined by the researcher or clinician. For

clinical trials and cohort studies, users need to explore and moni-

tor populations of patients in case and control groups on the basis

of study criteria. They then check whether tissue or blood samples

are available via the LIMS or BioBanking systems [14].

Even with HL7 databases, compliance with protected health

and privacy regulations, such as the Health Insurance Portability

and Accountability Act (HIPAA), is essential. An HL7 data ware-

house can still be too focused on operational data and access to

confidential data is closely restricted. This can be addressed using a

disease oriented data mart that has de-identified patient data that

can be used as the basis of Translational Research. With pass-

through security from the data mart back to the HL7 database it is

still possible to access secure patient data with appropriate permis-

sions. For pharmaceutical companies, clinical trials bring the same

http://www.inforsense.com/
http://www.hl7.org/
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FIGURE 2

An informatics architecture for Translational Research based on workflow technologies. Workflows are used by IT to integrate translational data into the

environment and into data warehouses, by statisticians to represent business logic for the QC and analysis of data and to develop predictivemodels of disease and

biomarker prediction, and then by IT to deliver this information to clinicians and researchers via web interfaces.
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compliance issues so de-identified versions of clinical data need to

be brought into the discovery part of the business.

Service-oriented architectures are becoming common in Life

Sciences [15], meaning Translational Research infrastructures need

to integrate Web Services programming interfaces as well as data-

bases. Initiatives such as caBIG (see: http://cabig.nci.nih.gov) and

Informatics for Integrating Biology and the Bedside (see: http://

www.i2b2.org), funded by NIH, provide valuable Web Services

that can be used internally by life science companies and medical

institutes to annotate and understand data. In addition, access to

internal data and tools will increasingly need to be made available

via Web Services to support data integration and web-based deliv-

ery to end users.

A Translational infrastructure needs to support both data ware-

housing, when data can be pulled together, and data federation for
when sources need to be kept separate. The integration of patient

and sample data is a complex process that must be carefully

defined and managed, whether it is building a data warehouse

or federating data sources. This type of problem is well addressed

by workflow technologies that can query individual databases,

retrieve relevant data, filter and clean the data and place them in a

data mart that supports Translational Research rather than opera-

tional review. Where formation of new data marts and warehouses

is not an option, workflow systems can federate data and Web

Services; for example, to integrate a database of gene expression

information using the sample IDs as a common identifier. By

developing the extract, transform and load or federation processes

in workflows, the process is clearly defined and easily referenced.

They are not hidden in code and SQL calls, and can be easily

modified and extended. The modular nature of workflows, where
www.drugdiscoverytoday.com 773
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each one addresses a different point of the integration, also makes

for easier understanding, documentation and maintenance.

Semantic integration of data is also a key requirement in Trans-

lational Research. The growing use of ontologies and the Semantic

Web promises much in delivering common identifiers and rela-

tionships in Life Sciences [16]. Workflow systems can benefit

greatly from advances in the Semantic Web by integrating seman-

tic web services directly into workflows to facilitate the combina-

tion and analysis of data.

Data integration case study: Dana-Farber cancer
institute
The most valuable resources in the study of diseases such as cancer

are disease samples collected from patients who are undergoing

treatment and on whom relevant clinical and outcome data are

available. In pursuit of its mission to defeat cancer, scientists at the

Dana-Farber Cancer Institute have amassed a substantial collec-

tion of patient samples (with the appropriate informed consent)

and a vast body of clinical data associated with the patients

contributing those samples. Designing experiments to use these

samples to advantage, and analysing the resulting data, requires

that scientists have direct access to complex data that are often

distributed among various data stores across the Institute. As such,

even fundamental questions involved in experimental design such

as ‘Identify patients with CD138+ bone marrow cells, who are

newly diagnosed with multiple myeloma and divide them into

groups of responders and non-responders to bortezomib treat-

ment’ are difficult to answer. Researchers are required to complete

forms and ask technical staff to query databases, which is often

takes time to be completed.

To address these questions, a pilot study in multiple myeloma is

integrating patient and sample data into an HL7 data warehouse

[17]. Workflows are being used to enable scientists to directly

access these data to select patient cohorts [18]. The combination

allows scientists to link information regarding availability, age and

storage medium of samples such as bone marrow, serum and urine.

Previously these studies could only be designed through extensive

trial and error discussions between the lead scientists and data

analysts with access to the data stores. With the benefit of an

integrated system, considerable time is saved in defining studies.

In addition, subtleties in the data can be identified that previously

would have remained hidden owing to the long turnaround times.

Once a patient subset has been selected, gene expression experi-

ments are run and data integrated, via the sample ID, with the

clinical data used to design the experiment. This integration is

absolutely essential for analysis of the data, focusing on identify-

ing genes whose patterns of expression can classify the patients

into relevant groups based on response to therapy. Workflows are

also being used to provide automated annotation of gene lists from

public sites such as GO, UNIPROT and OMIM.

Data analysis
Analysis of scientific data requires many algorithms to identify

patterns and relationships and predict outcomes. To support

Translational Research, informatics infrastructures must be able

to incorporate any algorithm into an analysis environment that

connects to the previously described data integration layer. Each

high-throughput technique has algorithms for QC and analysis,
774 www.drugdiscoverytoday.com
often producing a gene or protein list. The lists then require

validation using metabolic pathway tools or scientific literature

searches. The arrival of high-throughput technologies has resulted

in new algorithms that are able to identify patterns and are scalable

to work in data sets of many millions of data points. Standard

statistical tools such as SAS (see: http://www.SAS.com) and R (see:

http://cran.r-project.org) are therefore supplemented with tech-

nique-specific analysis such as Copy Number Variation [19] and

Hardy–Weinberg [20] tests. As well as ‘omics technologies, Trans-

lational Research frequently includes imaging techniques that also

need to be analysed and compared. For example in oncology,

assessment of tumour size and growth is driven by image analysis

providing good biomarkers of disease status and progress.

In a translational study a number of techniques are often used

simultaneously because the combination of different approaches

provides a more accurate prediction. For example, a study to

identify biomarkers for Alzheimer’s disease [21] uses a combina-

tion of proteomics, clinical questionnaires, Magnetic Resonance

Imaging and lipidomics to identify suitable combinations of fac-

tors. This requires the data from each technique to be checked and

normalised before being integrated into a summary table using the

subject ID. Anova, t-tests and principal component analysis are

then used to identify predictive biomarkers.

Using predictive modelling to improve clinical decision making

is fundamental to Translational Research. Therefore, translation

infrastructures need to support these techniques as well as multi-

variate analysis techniques and statistical analysis extensions.

Multiple models need to be run against multiple experimental

data sets so that they can be compared and contrasted to find the

best approach. This is an iterative process requiring a series of trial

and error assessments before deployment to end users. The result

provides predictive models to support clinicians and enables

Translational Research to make knowledge-driven decision mak-

ing a reality by putting information into context. Knowledge-

driven decision making is new to Translational Research [22]

but offers tremendous potential for improved healthcare.

Workflow systems support data analytics and mining capabil-

ities [23], and enable multiple modelling techniques to be run over

data sets. The results can then be compared in order to identify the

most appropriate modelling approach or data set. Their ability to

support the rapid construction of analysis workflows means that

the iterative time required to perfect a model is significantly

reduced, and service groups are able to respond more quickly to

requests from users. Once the workflows are complete they can be

made available to researchers and clinicians who are able to adjust

particular parameters to test the models.

Data analysis case study: Erasmus MC
Erasmus University Medical Centre (Erasmus MC) provides

advanced medical care for a local population of three million

people in The Netherlands. Erasmus MC is actively developing

evidence-based clinical models for oncology, cardiovascular and

neurological Translational Research approaches that integrate

clinical, gene expression, imaging, sample and genetic

approaches. Analysis of this data is complex and Erasmus MC is

using workflows as a basis for their analysis platform [24]. Each

technique requires its own QC before analysis; Genome Wide

Association studies, in particular, require large quantities of data

http://www.sas.com/
http://cran.r-project.org/
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to be filtered by allele frequency, genomic location and Hardy–

Weinberg equilibrium. Once checked, data need to be combined

to allow multivariant analysis and predictive models to be run,

requiring access to statistical and modelling tools. It is often a case

of trial and error to find the best classification or predictive model,

so Erasmus MC use workflows to run multiple tools and compare

the results. Erasmus MC is seeking to guarantee the best experi-

mental accuracy and reproducibility of experimental results, to

ensure that the resulting models are accurate and do not suffer

from errors due to the selection process or too limited statistical

significance. Workflows are being developed to optimise classifi-

cation within patient cohort studies using methods such as Deci-

sion Trees and Support Vector Machines. Within this framework

researchers can explore the relationship between sample size,

outcome, methods, validation and parameters for optimal patient

stratification in areas of high un-met medical needs.

User interaction
Translational Research requires good collaboration between many

scientific and technical groups. Each group requires its own user

interfaces and tools to support its particular needs. Without tai-

lored user interfaces, translational projects are likely to be greatly

impaired. The following list illustrates the types of group involved

in Translational Research projects and their particular needs:

� C
linicians need to interact with patient records and predictive

models via simple web pages to support data-driven clinical

decision making.

� B
iomedical research scientists need to access data and analysis

workflows via easy to use web pages built by bio-statisticians

and IT personnel.

� B
io-statisticians need to develop analysis workflows rapidly

using R and SAS tools; they also require predictive modelling,

clustering and classification algorithms.

� IT
 personnel need a standard-based platform with strong

database and web services support, as well as powerful workflow

and web deployment tools.

Access to and analysis of data is frequently a bottleneck for

researchers and clinicians, as the turnaround time for a new

analysis can be a few weeks owing to the heavy workload of

statisticians and bioinformatics teams. Scientists need direct access

to data and analysis, but following dictates defined by statisticians

and in a format that is end user focused and not overwhelmed by

complex interfaces. Web pages are the best deployment option for

such scientific groups, as they allow users to view and assess data in

ways that are tailored to them. Bio-statisticians and IT developers

need a powerful desktop tool to construct analysis and integration

workflows.

User interaction case study: Windber Research Institute
and Walter Reed Army Medical Center
Research and clinical teams at Windber Research Institute and

Walter Reed Army Medical Center are using workflow systems to

support multiple user groups through the same command-and-

control informatics platform [25]. IT personnel have used work-

flow builder clients to integrate data from multiple clinical sources

to provide a unified set of patient data, which has then been

combined with tissue sample, genomics, proteomics and imaging

data into a single patient-centric model. Bio-statisticians use work-
flow builder clients to design and test analysis protocols that can

then be deployed to researchers and clinicians.

Researchers use a web interface to define cohorts in their

translational studies based on patient, sample and experimental

data across the organisation. They can see how many patients fit

into case or control groups and expand the detail of each patient

to minimise selection bias. A longitudinal view of a patient’s

history also supports this. Researchers can browse and drill into

data from hundreds of parameters; for example, a breast cancer

study had over 500 different factors that could be assessed.

Translational experiments can then be run, and researchers can

access the data through the same system and run complex ana-

lyses written by bio-statisticians. Unnecessary complexity is hid-

den and researchers only see a few relevant options and the

results.

Clinicians also use web interfaces (Figure 3) based on the same

system, but modified for their needs, to improve clinical decisions.

A population explorer can be used to find past patients who closely

match new patients entering treatment. Past patients’ treatment

and response can then be mapped on a timeline to look for

potential risk factors to monitor, and predictive models built by

researchers can help to identify the most appropriate treatment.

This collaborative system is enabling scientists to translate their

research into real decisions that impact patient care, and providing

clinicians with the best possible data on which to base decisions.

Flexibility
Translational Research is a new area and the techniques and best

practices involved are still evolving. There will always be new

algorithms that need to be integrated, such as the CHIAMO SNP

testing programme developed by the Wellcome Trust Case Con-

trol Consortium [26]. Researchers and statisticians need to eval-

uate and modify workflows continually to reflect experience

gained on past projects and insights gleaned from scientific

literature. Disease investigation is often unpredictable and while

Translational Research aims to make it more data-driven, it still

requires a dynamic environment that supports frequent mod-

ifications. Monolithic solutions requiring long development

cycles are not going to be effective in Translational Research;

infrastructures need to be dynamic to keep pace with changing

requirements.

Groups addressing different diseases will need differing techni-

ques and analyses to meet their particular requirements. However,

the underlying system requires the same data integration, analysis

and deployment capabilities. For example, groups studying endo-

metrial cancer will have different needs to those working on

metabolic disorders. IT Systems that have been constructed to

integrate clinical and research data for a particular project may not

be able to integrate a new technique easily or modify analysis

protocols for new areas.

The visual programming approach supported by workflow sys-

tems means that once the data sources and algorithms required are

integrated, new applications and workflows are easy to create. New

workflows and applications can be built and delivered in a few

hours, making considerable time savings. Modifying existing

workflows is even faster, minimising support and maintenance

costs and enabling developers to focus on new and added-value

applications.
www.drugdiscoverytoday.com 775
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FIGURE 3

Cohort selection and patient browser web interface developed for clinicians at Windber Research Institute.
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Flexibility case study: CIDR at Johns Hopkins University
The Center for Inherited Disease Research at Johns Hopkins Uni-

versity (JHU) is a centralised facility that provides genotyping and

statistical genetics services. It is used by JHU investigators seeking

to identify genes that contribute to human disease. JHU is active in

many areas of research including cancer, diabetes, drug abuse,

neurology and stroke. CIDR provides a good example of why

Translation Research infrastructures need to be flexible; it has

developed a series of workflow tools to monitor quality and

produce a variety of reports and data files for Illumina (see:

http://www.illumina.com) and Affymetrix (see: http://www.affy-

metrix.com) GWA arrays [27]. During the QC stage of GWA,

researchers from different disease areas need to test alternative

QC filters and thresholds. There is no single analytical process that

can satisfy every GWA study and therefore each QC workflow

needs to be easy to modify. For example, a study into rheumatoid

arthritis would commonly exclude single nucleotide polymorph-

isms (SNPs) from Chromosome 6 so that major histocompatibility

complex (MHC) genes are not included. Alternatively a specific

genomic region may be of interest in which case other SNPs would

be excluded. Workflow systems offer this flexibility in refactoring
776 www.drugdiscoverytoday.com
and allow rapid iteration of analysis processes and re-deployment.

They also provide extensibility in cases where users wish to inte-

grate new algorithms, manufacturers and tools in this rapidly

changing field.

Conclusion
In this paper we have discussed the complex informatics issues

surrounding the support of Translational Research. We have

shown how workflow technologies can be used to address the

informatics challenges of integrating and analysing data,

deploying end user solutions and providing the flexibility

required to evolve best practices. The combined strengths of

database access capabilities, advanced analytics and deployment

options mean that workflow systems can respond quickly to

new user requirements and changes in scientific processes.

Bringing together combinations of data and techniques in work-

flow systems enables the promise of Translational Research to be

achieved in a repeatable and scalable way. This results in better

disease understanding, informative biomarkers and more effec-

tive therapeutics for an industry struggling with safety and

financial concerns.

http://www.illumina.com/
http://www.affymetrix.com/
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