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Abstract— An increased usage of clinical trial 

informatics systems will promote scientific 

institutions, benefit the worldwide research 

community, and assist in the rising trend of 

personalized medicine. This paper undertakes 

a systematic review to gain insight into 

existing studies on the Clinical Trial 

Informatics Systems (CTIS). In particular, we 

will focus on those articles that have worked 

on a special type of CTIS called the Cancer 

Biomedical Informatics Grid (caBIG), 

developed by the National Cancer Institute, 

and its Clinical Trial Management System 

(CTMS) workspace which uses Clinical Trials 

Suite software. Based on the 67 extracted 

studies from 2001-2011, we classified the 

literature into the 3 broad categories of 

product description, analysis of options, and 

user behaviour, each containing some sub-

categories, and provided insight into each 

category. Moreover, this paper presents 

insightful recommendations for health 

institutions to enable them ensure that the 

adoption and implementation of a clinical 

trials informatics systems such as 

caBIG/CTMS will be satisfactory. Finally, this 

article presents 5 important gaps in the 

literature and calls for future research to fill 

those gaps. 

Keywords—  caBIG, CTMS, Open-Source 

Data Systems, Clinical Trials, National Cancer 

Institute (NCI), Systematic Literature Review. 

1. INTRODUCTION 

Clinical trials are big businesses, incorporating 

information from many participants and 

situations and creating challenges in the 

acquisition, storage, and sharing of information 

amongst healthcare researchers. With billions of 

dollars spent worldwide on healthcare research, 

these large scale trials to test suitability and 

safety are an essential part of developing and 

deploying new pharmaceuticals, medical devices, 

and other healthcare solutions. In recent times, 

the pharmaceutical industry faces a shift from 

blockbuster products to targeted therapies, and 

hospitals and research institutes seek to better 

understand public health trends, risks, and 

solutions applicable for specific patients. While 

these institutions can individually collect and 

analyse their own subset of data, clinical trial 

informatics systems yield huge economy of scale. 

With institutions combining their data into a huge 

pool shared and analysed around the world, 

researchers are empowered to identify trends 

through an exponentially larger sample size. 

Research on the Clinical Trial Informatics 

Systems (CTIS) has been running for quite a long 

time. This paper makes a reflective pause on the 

literature to provide a big picture of the main 

themes researchers have been working on. To do 

this, this paper conducts a systematic literature 

review. This systematic approach helps us to 

determine where the literature has recurring 

themes, trends this stream of research has 

followed, and the gaps in the existing body of 

knowledge. In particular, we will focus on those 

articles that have worked on a special type of 

CTIS called the Cancer Biomedical Informatics 

Grid (caBIG), developed by the National Cancer 

Institute, and its Clinical Trial Management 

System (CTMS) workspace which uses Clinical 

Trials Suite software.   
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Health institutions have taken different 

approaches with regard to the adoption of CTIS. 

Whereas a number of the health institutions have 

chosen to use CTISs, a large majority of the 

health institutions are still to adopt such systems. 

This begs the question of “How can we enhance 

the adoption of the Clinical Trial Informatics 

Systems?” In short, this paper aims to answer the 

following research questions: 

1- What are the main themes of research on 

caBIG/CTMS in the literature? 

2- How can health institutions ensure that 

the adoption and implementation of a clinical 

trials informatics system such as caBIG/CTMS 

will be satisfactory? 

 

This paper is organized as follows. Section 2 

provides some background information. Section 

3 describes the method used for our systematic 

review. Section 4 presents the results of our 

synthesis of the literature, and proposes a 

classification of the literature on caBIG and 

CTMS. Section 5 presents 5 gaps in the literature 

identified by this research that are worth filling. 

Concluding remarks are presented in Section 7, 

as well as research limitations. 

2. BACKGROUND 

2.1. CaBIG and its Clinical Trial 

Management System (CTMS) 

The Cancer Biomedical Informatics Grid 

(caBIG), launched in 2004 by the National 

Cancer Institute (USA), is utilized by nearly 200 

federal, academic, not-for-profit, and industry 

organizations around the world. With the goal to 

better analyze cancer research, anyone can 

participate in this network free of charge 

(National Cancer Institute 2011).    

Within caBIG, the biggest workspace domain 

is the Clinical Trial Management System 

(CTMS), using “Clinical Trials Suite” software.  

Not a stand-alone system, CTMS is a data group 

of users.  Key strengths include an ability to 

exchange data seamlessly and securely, as the 

underpinning back-end systems of CTMS 

maintain the privacy rules for the system, and an 

ability to meet diverse needs of researchers 

through modular software applications 

(Fenstermacher et al., 2005). CTMS tools include 

(NIH 2006): 

 Adverse Events Module: to monitor 

adverse events and generate automated 

reports 

 Laboratory Interface Module: to 

exchange laboratory data across multiple 

formats 

 Clinical Data Update System (CDUS) 

Reporting Module: to submit automated 

NCI data Financial/Billing Module: to 

analyze budget allocations community 

priorities 

 Structured Protocol Representation: to 

create streamlined documentation 

 caMATCH: to connect breast cancer 

patients and clinical trials (patient-centric 

online matching ) 

 Firebird: to leverage a clinical trials 

registry accepted by the FDA and 

pharmaceutical industry.  

 Cancer Central Clinical Database (C3D): 

to share cancer research data via a web-

based interface (Fenstermacher et al., 

2005) 

 

2.2. Rationale for Increased Usage of a 

Clinical Trial Informatics System 

2.2.1. Benefit to Institutions and Scientific 

Research Community 

First, a broader usage of the clinical trial 

informatics systems by institutions, such as 

cancer centers and hospitals, will allow these 

institutions to better query and obtain data, 

especially if particular data is not readily 

available from their home institution sample. A 

clinical trial informatics system can also serve the 

strategic vision of these institutions, through 

promoting their institutional name in data search 

results, creating a brand name presence by 

creating standards for other institutions to 

benchmark, and to create innovate approaches 

through the design of personalized applications 

or surveys for their needs. 

Second, considering a broader perspective of 

scientific advancement, increased usage of 

clinical trial informatics systems can also be 

valuable from a country and world view. As more 

data is collected and shared on these systems, 

researchers across the world will be better able to 

analyze cancer and health research data from a 

wider international perspective. Although the 

network has shown initial early adopter usage 

predominately in the US, an increased utilization 

in Australia and other countries will better 

leverage the international scale of the network 

and help these areas grow in their research 

capabilities. 
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Third, this data sharing approach may offer 

benefits to reduce the cost of healthcare.  Buetow 

et al. (2009) notes that specifically through the 

caBIG technology platform and its information 

sharing “a health care ecosystem [has formed] – 

for the first time ever – that electronically links 

academic centers, care delivery organizations, 

insures, diagnostic and pharmaceutical product 

innovators, government research and care 

institutions, and all other players in the 

biomedical enterprise.” This has the potential to 

unify the divided worlds of clinical medicine and 

research, to decrease duplication and redundancy 

in research, to increase real-time monitoring of 

safety, and to more efficiently identify study 

populations, and to thus reduce the expense of 

clinical research. 

2.2.2 Relevance to Personalized Medicine 

An increased usage of clinical trial informatics 

systems also has relevance to the shift towards 

personalized medicine. Buetow et al. (2009) cites 

that the pharmaceutical industry faces an array of 

contemporary problems, as traditional one size 

fits all approaches for therapeutics are failing, 

research costs are rising, and fewer blockbuster 

drugs are being found in their repertoire. 

However, personalized medicine has potential 

benefits, including a better understanding of 

biologic targets, adverse side effects (ADRs), and 

appropriate patient populations for clinical trials 

and therapeutics. Clinical trial informatics 

systems allow researchers to move from isolated 

statistical studies to a global, deeper 

understanding of specific biomarkers, a huge 

solution to pinpointing which individuals in a 

large population might be at more risk, such as 

for serious forms of cancer (Wolfson, 2008). 

For example, although caBIG originated in the 

cancer research community, its technology and 

interconnectedness of data sharing is applicable 

to other therapeutic areas and organizations 

across the private, public, academic, and 

commercial sector. However, to leverage 

personalized medicine, organizations must share 

large quantities of data to build accurate maps, 

models, and conclusions (Buetow et al., 2009).  

Likewise, with a shift in medicine over recent 

years towards the emergence of genomics and 

proteomics high-throughput technologies, 

biomedical research is undergoing a paradigm 

shift from small independent labs to large teams 

of researchers exploring the relationships 

between entire genomes and disease 

(Fenstermacher, 2005).  As a result, Buetow et al. 

(2009) states that “caBIG enables the seamless 

continuum that is at the heart of a learning health 

care system in which knowledge of aggregated 

clinical outcomes drives next-generation research 

discoveries, which in turn are validated at the 

bedside for improved clinical outcomes, in a 

seamless ‘virtuous cycle’ [page 924]”. 

This reveals the benefit and key value 

proposition of clinical trial informatics systems 

and their data sharing workspaces. While 

institutions can individually collect and analyze 

their own subset of data, clinical trial informatics 

systems yield huge economy of scale. With 

institutions combining their data into a huge pool 

that can be shared and analyzed around the world, 

researchers are empowered to identify more 

robust trends and conclusions through an 

exponentially larger sample size. 

This potential is reflected by the benefits shown 

to early adopter organizations. Demonstrating the 

streamlining of information, the Abramson 

Cancer Center (ACC) and University of 

Pennsylvania team adopted the CTMS Cancer 

Central Clinical Database (C3D) for two clinical 

trials and the integration of clinical laboratory 

information from the UPenn Health System 

(Fenstermacher, 2005). Demonstrating a bridge 

to personalized medicine, Duke University 

utilized caBIG to analyze the gene expression 

patterns of breast cancer patients, and connected 

this to real-time analysis of their therapeutic 

response (Wolfson, 2008).  In addition, Beutow 

et al. (2009) cites an array of early adopters 

beyond cancer research. The National Heart Lung 

and Blood Institute (NHLBI) uses technology 

from caBIG to manage a CardioVascular 

Research Grid (CVRG) for cardiovascular data 

integration. Northwestern University uses caGrid 

to study tobacco use patterns across demographic 

groups.  Finally, Nationwide Health Information 

Network (NIHN) uses caBIG technology to 

manage a Nationwide Health Information 

Network (NIHN) to create nationwide access to 

data across researches, caregivers, providers, and 

patients (Beutow et al., 2009).  This diversity of 

topics shows that clinical trial informatics 

systems can easily move beyond its cancer 

research origin to help researchers analyze data 

across a broad array of therapeutic areas. 

3. RESEARCH METHODOLOGY 

A systematic literature review is conducted based 

upon the guidelines proposed by Kitchenham 
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(2004) and Kitchenham et al. (2009). This 

method has been used in a number of similar 

studies such as (Talaei-Khoei et al, 2012, Liaw et 

al, 2012). This review follows four steps:  (1) 

identification of resources, (2) selection of 

resources, (3) extraction and synthesis of data, 

and (4) data analysis. The goal of this systemic 

literature review is to explore and categorize the 

resources that provide insight into caBIG and 

CTMS, as well as to provide insight on the 

adoption of caBIG and CTMS. 

3.1. Identification of Resources 

Resources are identified using appropriate key 

words (e.g. Clinical Trial Management System, 

CTMS, Cancer Biomedical Informatics Grid, 

caBIG, ‘information system’ [and] ‘clinical trial’, 

etc.) on the well-known databases containing up-

to-date literature articles (e.g. PubMed, 

ScienceDirect, Springer Link, Google scholar, 

IEEE Explore, etc.). It should be mentioned that 

in order to restrict the result, we only focused on 

the articles that have been published between 

2001 and 2011. The above search resulted in 

retrieving 195 publications. 

3.2. Selection of Resources 

At the second stage, we screened out the 

papers to find the most relevant articles by 

reading their titles, abstracts, and in some cases 

their full-text. The screening process narrowed 

the search result for CTMS from 32 to 7 articles.  

Likewise, out of 66 articles found using the 

keyword caBIG, 57 were deemed to be relevant. 

Except 1 article, the rest of the 38 article 

extracted using the keywords “information 

system” [and] “clinical trial” were screened out. 

Finally, of the 59 articles retrieved using other 

key words (e.g. Oracle clinical), 2 articles were 

considered as relevant to our study. Overall, as a 

result of the screening process, 67 articles were 

selected. Figure 1 summarizes the study selection 

process. 

 

Figure 1:  Systematic Literature Review Process 
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3.3. Extraction and Synthesis of Data 

The Data Extraction and Synthesis stage 

involved the extraction of some key details from 

the 67 studies included in our systematic review. 

The main theme and the category into which the 

topic of the paper falls was extracted from all the 

studies extracted. Moreover, insights into the 

adoption of caBIG and CTMS were retrieved 

from the relevant articles. Data was synthesized 

by recognizing themes from the findings reported 

in each publication. These themes provided us 

with a research classification presented in section 

4.1. Microsoft Excel was used for entering the 

data and undertaking descriptive analysis. 

3.4. Data Analysis 

Based on the terms, descriptions and concepts 

provided by the extracted publications, we found 

that the extracted papers fall into 3 broad 

research categories (See Section 4.1). Analyzing 

the related articles, we also came up with a 

number of recommendations with regard to the 

adoption of caBIG and CTMS (See Section 4.2). 

 

4. Findings 

4.1 Classification of the Studies 

In order to have a better understanding of 

existing research on caBIG and CTMS, we 

sought to categorize the extracted publications 

into meaningful clusters. Therefore, we went 

through our source of systematic review, and 

looked for an appropriate category label for each 

set of papers. In brief, we identified 3 main 

categories, including Product Description, 

Analysis of Options, and User Behaviour. 

Furthermore, we identified some sub-categories 

for 2 of the main categories. Our classification of 

various research areas on caBIG/CTMS is as 

below: 

 Product Description 

 Analysis of Options:  

o Comparison of Existing Clinical 

Data-Sharing Systems 

o Publications of Home-Grown 

Clinical Data-Sharing Systems 

developed In-House 

 User Behaviour:  

o Adaptations to CTMS: Module 

Developed within CTMS System 

o Adaptations and Improvements 

to caBIG: Improvements 

Developed for the caBIG System 

o Integration and Data Sharing 

through caBIG: Integrating Tools 

for Compatibility into caBIG  

o Issues, Critiques, or Barriers: 

Issues Identified while using 

CTMS Systems 

Figure 2 graphically depicts our classification of 

the existing literature on caBIG/CTMS. 

4.1.1 Product Description 

Articles in the Product Description category are 

most applicable for readers seeking general 

information about caBIG or CTMS, or for 

specific technical architecture descriptions of the 

product. Table 1 provides some information 

about the articles in this category. As an example 

of the papers in this category, Saltz et al. (2006) 

explained the caGrid framework and its current 

implementation, caGrid version 0.5. 

4.1.2. Analysis Options 

The second category of research on 

caBIG/CTMS is called Analysis of Options. 

Papers in this category are relevant for exploring 

low usage of CTMS, and why users may view 

competitor product options are preferable to 

CTMS.  

The home-grown articles describe unique 

products developed by a home institution and are 

assumed to have less leverage in reaching a wider 

audience base compared to the name-brand 

recognition of commercial products. Through 

exploration of competitor offerings, we can better 

understand how to improve the CTMS product or 

how to position this product to be a superior 

choice compared to other offerings in this 

category. Tables 2 and 3 provide some 

information about the articles in this category. As 

an example of the papers in this category, 

Mathura et al. (2007) designed and implemented 

a clinical trials data management framework for 

the purpose of designing and deploying 

Electronic Case-Report Forms (eCRF) that 

efficiently collates data, processes and analyses 

from multi-site clinical trials. 
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Figure 2:  Our Classification of Existing Research On CaBig/CTMS 

 

Table 1. Articles in the Product Description Category 

Product Description 

Background Explanations of caBIG 

System Topic Article 

caBIG caBIG links researchers; personalized medicine Buetow and Kenneth (2009) 

caBIG caBIG links researchers, healthcare Buetow et al. (2009)  

caBIG caBIG for sharing data Von Eschenbach and Buetow (2007) 

caBIG caBIG as breakthrough Wolfson (2008) 

caBIG Launch of caBIG, pilot phase results caBIG Strategic Planning Workspace (2007) 

caBIG caBIG for bioinformatics  Hanauer et al. (2007) 

caBIG Business Architecture Model Boyd et al. (2011) 

caBIG caGRID Fenstermacher et al. (2005)  

caBIG Grid architecture Saltz, et al. (2006) 

caBIG Grid architecture Oster, et al. (2007) 

caBIG Grid architecture Oster, et al. (2008) 

caBIG Workflow execution Tan, et al. (2010)   

caBIG How to use caBIG AIM to query for annotations Channin, et al. (2009) 

caBIG caCORE compatibility standards Phillips, et al. (2006) 
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Table 3. Articles in the In-House Developed Systems Category 

Alternative Options 
Publications of Home-Grown Clinical Data-Sharing Systems developed In-House  

System Article Where or Who 

CTMS Zhao et al. (2010) Medical University of South Carolina, Charleston, SC, USA. 

CTMS Mathura et al. (2007) Roskamp Insitute, Sarasota, Florida, USA. 

CTMS Payne et al. (2003) Developed for Chronic Lymphocytic Leukemia (CLL) Research Consortium 

(CRC) of 9 sites, including UCSD, Dana Farber Cancer Institute, Johns 

Hopkins University, and Mayo Clinic 

Oracle Wagas et al. (2010) Tissue banking infomatics systems developed by the Department of 

Biomedical Informatics (DBMI) at the University of Pittsburgh 

 

4.1.3 User Behavior  

The third category of research on 

caBIG/CTMS is called User behaviour. The 

categories describing existing user behavior 

describe users who have chosen CTMS, and this 

analysis has less impact on increasing usage than 

exploring why potential users choose not to 

utilize CTMS. However, these articles do yield 

some insight, as these users chose the CTMS 

product, and have demonstrated an ability of the 

product to be adapted and improved for their 

specific needs. The category of existing users 

who have integrated with the caBIG system is 

revealing for demonstrating the wide array of 

relevancy in the scientific community, as a wide 

range of research topics and disease states are 

explored, although the articles in this category 

reflect the early adopters in the tool’s traditional 

use for cancer research. 

One of the sub-categories of User Behaviour that 

is relevant for exploring the low usage among 

CTMS is the category of user issues, critiques, 

and barriers.  By exploring what downfalls users 

have identified in adapting clinical trials 

informatics systems such as the CTMS system, 

we can better understand what challenges 

institutions face in deciding how to allocate their 

capital investment for choosing a product, and 

how to ensure that roll-out and implementation of 

the product leads to satisfactory outcomes. Tables 

4 through 7 provide some information about the 

articles in various sub-categories of this category. 

 
Table 4. Articles in the Adaptations to CTMS 

Category 

User Behaviour: Adaptations to CTMS 
Module Developed within CTMS System 

System Module Use Article 

CTMS Reduce Document 

Redundancy 

Zhao et al. (2010) 

 

Zhao et al. (2010) is the only paper in the sub-

category ‘Adaptations to CTMS’. Zhao et al. 

(2010) developed a computerized regulatory 

document management system as a module in a 

comprehensive CTMS designed for the purpose 

of managing and tracking regulatory compliance 

to more efficiently. 

Table 5. Articles in the Adaptations and Improvements to Cabig Category 

User Behaviour: Adaptations and Improvements to caBIG 
Improvements Developed for the caBIG System 

System Improvement Topic Article 

caBIG Relationships in caGrid models McCuster et al. (2009) 

caBIG Improvements to Grid architecture Saltz et al. (2008) 

caBIG AIM: annotations, image markups  Channin et al. (2010) 

caBIG Common Data Elements (CDEs) Kunz et al. (2009) 

caBIG Terminology standards Cimino et al. (2009) 

caBIG Migrating data to the grid Cryer and Frey (2009)  

caBIG Ensures software applications can interoperate Freimuth et al. (2008) 

caBIG Alignment of tissue bank data models Riben et al. (2008) 

caBIG Rules-engine technology Saltz et al. (2007) 

caBIG Mechanisms to formulate queries Shironoshita et al. (2008) 

caBIG Cancer checklists for pathology Tobias et al. (2006) 
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As an example of works in the sub-category 

‘Adaptations and Improvements to caBIG’, 

Tobias et al. (2006) showed the basic goals, 

principles and methodologies for building caBIG 

models. The authors found that the College of 

American Pathologists (CAP) cancer checklists 

“can be used as the basis for an electronic data 

standard in pathology using the caBIG semantic 

modelling methodology [p. 1]” (Tobias et al., 

2006).  

 

 

Table 6. Articles in the Integration and Data Sharing Through CaBig Category 

 

User Behaviour: Integration and Data Sharing through caBIG 
Integrating Their Tool(s) for Compatibility into caBIG Grid Services 

System Tool Article Relevance 

caBIG caCORRECT (microarrays) 
 

Moffit et al. 
(2011) 

Integration via caCORRECT’s web portal and caBIG 
grid services 

caBIG Breast Cancer Collaborative 
Registry (BCCR) 

Sherman et 
al. (2011)  

Certified by the NCI Center for Biomedical 
Informatics and Information Technology (NCI CBIIT) 
as a caBIG Bronze Compatible product 

caBIG German liver cancer 
research network (22 
projects) 

Ganzinger 
et al. (2011) 

Data made available to research network via caBIG 
technologies 

caBIG Pancreatic Cancer 
Collaborative Registry 
(PCCR) 

Sherman et 
al. (2011) 

Certified by the NCI Center for Biomedical 
Informatics and Information Technology (NCI CBIIT) 
as a caBIG Bronze Compatible product 

caBIG Cancer Text Information 
Extraction System (caTIES) 

Yip et al. 
(2010)  

Developed with caBIG-compliant data structures 

caBIG Differential dependency 
network (DDN) 

Zhang et al. 
(2011) 

Developed under caBIG’s In Silico Research Centers 
of Excellence (ISRCE) Program; alternative way of 
defining network biomarkers 

caBIG Phenotypic Up-regulated 
Gene Support Vector 
Machine (PUGSVM) 

Yu et al. 
(2011) 

caBIG analytical tool for multiclass gene selection and 
classification 

caBIG Radiology; Digital Imaging 
and Communications in 
Medicine (DICOM) 

Kahn et al. 
(2011) 

DICOM Ontology was created to support the caBIG 
initiative 

caBIG Migration to grid; 
GeneHunter 

Krikov et al. 
(2011) 

Best practices for migrating existing tools to grid 
environment 

caBIG geWorkbench Floratos et 
al. (2010) 

Available through caBIG Molecular Analysis Tools 
Knowledge Center 

caBIG Proteomecommons.org Hill et al. 
(2010) 

Silver compliant data resource developed for caBIG 
to allow broader access 

caBIG Head and Neck cancer tissue 
database system 

Wang et al. 
(2010) 

caBIG enabled system 

caBIG Standardization of 
visualization technologies 

Stokes 
(2009) 

Builds on the caBIG common infrastructure for 
cancer research 

caBIG Lymphoma Enterprise 
Architecture Data-System 
(LEAD) 

Huang et al. 
(2009) 
 

Development of a caBIG Silver level compliant system 

caBIG Breast cancer medical 
record 

Varma et al. 
(2009) 

System can potentially interface with caBIG for data-
sharing 

caBIG Cancer Translational 
Research Informatics 
Platform (caTRIP) 

McConnell 
et al. (2008) 

caBIG-sponsored creation of caTRIP for aggregating 
clinical, molecular data 

caBIG National Mesothelioma 
Virtual Bank 

Amin et al. 
(2008) 

Based on caTISSUE, developed in cooperation with 
caBIG. 
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caBIG Prostate Cancer Dennis et 
al. (2007) 

caBIG compliant application 

caBIG Epigenomic cancer analysis Han et al. 
(2008)  

Application using caGrid 

caBIG In Vivo Imaging Workspace Prior et al. 
(2007) 

Describes imaging workspace added to caBIG 

caBIG Analytical tool for cluster 
modeling 

Wang et al. 
(2007) 

Silver level compatibility with caBIG 

caBIG Cancer Common Ontologic 
Reference Environment 
(caCORE) 

Gao et al. 
(2006) 

caCORE-based application in caBIG 

caBIG Cancer gene expression data 
analyzer (caGEDA) 

Patel and 
Lyons-
Weiler 
(2004) 

Academic data sharing that will be enhaced by 
operating with caBIG 

 

As an example of the works in the sub-category 

‘Integration and Data Sharing through caBIG’, 

Stokes (2009) developed  SimpleVisGrid, “a 

collection of grid services for converting 

bioinformatics and systems biology data into 

functional visualizations that reveal important 

patterns relevant to the quality and comparability 

of biological data [p. 4181]”. 

 

Table 7. Articles in the Issue, Critiques, and Barriers Category 

User Behaviour:  Issues, Critiques, or Barriers 
Issues Identified while using CTMS Systems 

System Issue Article 

CTMS Complexity hinders use Starren et al. (2006) 

caBIG Cultural resistance to change Edgerton et al. (2010) 

caBIG Recommendations for academic health center leaders; data sharing 

culture 

Piwowar et al. (2008) 

caBIG Barriers to informatics progress Forman et al. (2010) 

caBIG Need for harmonizing standards, infrastructures Ohmann and Kuchinke (2009) 

caBIG Harmonizing standards and solution (BRIDG) Fridsma et al. (2008) 

caBIG Security issues Langella et al. (2007) 

caBIG Regulatory, security, and privacy challenges Manion et al. (2009) 

caBIG Grid security challenges and  solution (GAARDS)  Langella et al. (2008) 

 

As an example of the works in the sub-category 

‘Issues, Critiques, or Barriers’, Forman et al. 

(2010) described “how the application of 

bioinformatics systems can accelerate population 

health research across the continuum from 

prevention to detection, diagnosis, treatment, and 

outcome [p. 646]”. 

4.2 Recommendations Regarding 

caBIG/CTMS Adoption 

By reading and analyzing the extracted articles, 

we propose the following recommendations that 

may help institutions ensure that adoption and 

implementation of a clinical trials informatics 

system such as caBIG/CTMS will be satisfactory: 

Target Leadership to Diffuse Cultural 

Resistance to Change: Edgerton et al. (2010) 

describe change management factors that may 

defer users from converting to a CTMS system. 

This article also describes the Cooperative 

Human Tissue Networks (CHTN) journey 

migrating from stand-alone databases to a 

centralized web-based system with an Oracle 

backend relational database over the course of 

three years. Moreover, the authors recommend 

detailed documentation of agreed upon 

requirements, and ongoing review of the sources 

of resistance to change. Overall, this migration 

can be accompanied by issues like 

“communication, cultural changes in work 

practice, scope creep, leadership and 

organizational issues, and training” (Lorenzi and 

Riley 2000), as well as potential solutions 

(Edgerton 2010): 

Communication: conduct face to face meetings 

to improve clear data model development. 

Culture changes in work practice: promote a 

sense of success for the overall community to 
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avoid cultural resistance at a divisional level. 

Forman et al. (2010) notes that the informatics 

based approach must be accompanied by a shift 

in value system rewards for a single principle 

investigator to a collaborative team approach in 

tackling big sets of data. 

Scope Creep: be aware that unrecognized 

requirements may lead to scope creep.  

Leadership and Organizational Issues: create a 

centralized leadership with a clear project 

ownership and vision for change. To this point, 

Piwowar et al. (2008) also suggest that academic 

health center leaders have a critical role in the 

shift to data sharing.   Recommendations for 

these leaders include measuring, recognizing, and 

rewarding data sharing contributions to 

incentivize its use, in addition to integrating data 

sharing education, publishing recommended best-

practice mechanisms for data sharing, funding 

and maintaining data sharing infrastructures, and 

revising policies and guidelines to reflect data 

sharing goals. 

Training:  identify a super user to train others; 

avoid the duplicity of dual entry by users. 

Leverage data standardization and 

harmonization to overcome technical sharing 

challenges:  Forman et al. (2010) cite that 

additional challenges remain, such as a lack of 

common data standards, proprietary barriers to 

data access, and difficulties pooling data. Some 

of the challenges of data sharing and pooling can 

be addressed by data standardization of reference 

measurements and harmonization of similar 

content across different data sets and systems.  

Likewise, Ohman and Kuckinke (2009) describe 

that standards need to be harmonized and bridged 

in order to allow technical and semantic 

interoperability among different groups, 

including consistency of common data elements 

and terminology. To aid this need, developments 

such as the Healthcare level 7 (HL7) and the 

Clinical Data Interchange Standards Consortium 

(CDISC) help to provide system (HL7) and 

platform (CDISC) independent standards to 

support data exchange. As an example of using 

this approach, Fridsma et al. (2008) describes the 

BRIDG project, a model that contains 

harmonized semantic interoperability across four 

project use cases, including caBIG. 

Ensure users security and privacy, leveraging 

the strengths of GAARDS:  Manion et al. (2009) 

used an interview-based study of thirty-one 

individuals at six cancer centers to explore the 

security and privacy requirements for a multi-

institutional cancer research grid-based system 

such as caBIG.  Key challenges for increased 

usage were found to include challenges of 

authentication (validation of identity) and 

authorization (permission to access data) across 

the system environment.  The specific 

recommendations of this article included, among 

others, a need for technical infrastructure 

development to support credentialing, recognition 

of regulation governance and development of 

requisite HIPAA and ethics training for 

community members, and controls to ensure the 

privacy regulations of various foreign 

partnerships.  Likewise, Langella et al. (2007) 

cite security as a critical and challenging issue for 

caBIG “because of the scale of the program, then 

sensitivity of medical information, and the 

requirement to protect the intellectual properties 

of researchers, laboratories, and centers” 

(Langella et al. 2007, page 433).  As a result, the 

Grid Authentication and Authorization with 

Reliably Distributed Services (GAARDS) 

security infrastructure has been developed, and 

serves as the core Grid security infrastructure for 

caBIG.  In a subsequent article, Langella et al. 

(2008) note that GAARDS is a comprehensive 

system addressing the security challenges 

associated with user sites spanning various 

geographies, institutional boundaries, and 

decentralized user credential authorities granting 

authorization to its groups. 

Avoid excessive system complexity, as this may 

deter use:  Starren et al. (2006) mention Human 

Computer Interaction (HCI) issues, especially 

workflow complexity and ambiguous icons, as 

factors that detract from the usefulness of web-

based Clinical Trials Management Systems. 

 

5. Gaps Identified in the Literature 

This paper conducted a systematic literature 

review and through analyzing the 67 extracted 

studies from 2001-2011, classified the literature 

into the 3 broad categories of product description, 

analysis of options, and user behaviour, each 

containing some sub-categories, and provided 

insight into each category. Of the 3 categories, 

‘user behavior’ has been researched more than 

the other two, while ‘analysis of option’ is the 

least researched category. It appears that user 

aspects of caBIG/CTMS has attracted a higher 

level of attention from researchers. Through the 

conducted systematic review, we identified the 

following 5 gaps in the literature, and encourage 

future researchers to conduct scientific research 
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in order to fill these gaps which are certainly 

worth filling: 

 More research is required on the 

adaptations to CTMS and module 

Developed within CTMS System. 

 More studies are needed to investigate 

the positive and negative sides of Home-

Grown Clinical Data-Sharing Systems 

(applications developed in-house). 

 More research is required on the 

Comparison of Existing (Off-the-Shelf) 

Clinical Data-Sharing Systems. 

 There is a lack of research that compares 

the implementation outcomes and 

success of home-grown Clinical Data-

Sharing Systems versus the Existing 

(Off-the-Shelf) Clinical Data-Sharing 

Systems. 

 Even though a number of researchers 

have sought to identify the issues with 

the adoption and usage of CTMS systems 

and barriers that threaten its success, 

more research is required that provide 

solutions for such issues and hassles. 

6. Contributions 

In this section, we present what this paper offers 

by Walshman’s framework (Walsham, 2006) for 

research contributions. Table 8 presents the 

contributions of this paper in terms of audiences, 

theoretical and practical contributions. It also 

formulates possibilities that researchers and 

practitioners can benefit from this article.  

Table 8: Contributions 

Potential 

audience? 
 Health institute that try to adopt clinical trials informatics systems such as caBIG/CTMS. 

 Researchers who work on clinical trials informatics systems. 

What does the 

study claim to 

produce that is 

new to the 

literature and 

the audience? 

Theory 

 Provide a pig picture for contributing factors for successful adoption of clinical trials 

informatics systems. 

 identify any gaps in current research in order to suggest areas for further investigation.  

Practice 

 Create widespread understanding of and support for the use of clinical trial informatics 

systems in health institutes. 

 Comprehensive ethical data sharing process, such as ethics approval, consent management 

and the compliance 

 Regulatory compliance across multiple jurisdictions (different countries have different 

laws) 

 Cooperative management involving multiple organisations and multiple disciplines 

 Providing a strategic infrastructure for sharing sensitive medical data, given the fact the 

world is fast moving towards cloud based computing whereas all sensitive data 

(particularly for medical domain) have to be preserved locally by data collecting 

institutes.     

How should 

people use the 

outcome? 

Researchers 

 Opens new avenues of research in adoption of clinical trial informatics systems.  

 Provide a framework/background in order to appropriately position new research 

projects.  

Practitioners 

 There are recommendations to practitioners for adoption of clinical trial informatics 

systems.  

 Provide insights in what different clinical trial informatics systems provide, which will 

help in the process of decision making in health institutes.   
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 7. Conclusions and Limitations 

The current study took a systematic review 

approach to gain insight into existing studies on 

the Clinical Trial Informatics Systems (CTIS) in 

general and a special type of CTIS called the 

Cancer Biomedical Informatics Grid (caBIG), 

developed by the National Cancer Institute, and 

its Clinical Trial Management System (CTMS) 

workspace in particular. Based on the 67 

extracted studies from 2001-2011, this paper 

classified the literature into the 3 broad categories 

of product description, analysis of options, and 

user behaviour, each containing some sub-

categories, and provided insight into each 

category. The systemic literature review also 

revealed thematic elements detracting from ideal 

volume of clinical trials informatics systems, 

including cultural resistance to change, technical 

challenges of data standardization, assurance of 

security and privacy, and product complexity 

leading to human error or confusion, and this 

paper offered solutions to help organizations 

navigate these issues. Future work includes user 

comparisons of the CTMS and competitor 

products for further data.    

It should be noted that the results of this study 

are based on the information gathered from the 

literature. Hence, the validity threats to, and 

limitations of, our reference papers may also 

apply to this research. Although we have 

undertaken a thorough review of the literature on 

caBIG/CTMS, we note that with the increasing 

number of studies on the topic we cannot 

guarantee to have taken into account all the 

references in this area. 
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