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Abstract

The Cancer Therapy Evaluation Program (CTEP) has devel-
oped an enterprise system designed to enhance the  scientific 
and administrative aspects of cancer clinical trial development. 
Faced with a maturing enterprise system, CTEP is migrating to 
a Service Oriented Architecture which will reduce long term 
maintenance cost without sacrificing flexibility,and will enhance 
the continuous improvement of the clinical trial development 
process by converging with the Cancer Biomedical Informatics 
GRID (caBIG). This paper will outline the reengineering process 
CTEP is using to move towards an SOA for its enterprise system.

Introduction

The Cancer Therapy Evaluation Program (CTEP) provides 
oversight of research conducted by eleven cooperative groups 
investigating new distinctive and effective anticancer agents, 
radiation treatments, and surgical methods. Throughout its his-
tory, CTEP has continually invested in informatics technology 
to suite of CTEP informatics applications is called the CTEP 
Enterprise System or CTEP-ESYS. Indeed, the productivity 
gains and consequent returns on the investments could serve 
as a benchmark for most public and commercial enterprises. 
Nonetheless, new technology brings new capabilities: CTEP 
is embarking on a fundamentally new program to leverage its 
existing technology base by exploiting best components de-
veloped to date as a base for new development. Analyses to 
date indicate this approach simultaneously reduces the on-
going cost of operations, frees capital for new development, 
and reduces the effort, cost and time of new development.

Accomplishments in Improved Productivity

During the period from 2000 to 2005, CTEP tracked the per-
formance indicators shown below (Table 1).

The Office of Management and Budget reported that this ad-
vance in performance yielded a 200% to 300% return on 

investment – in 2006, the highest ROI of any major IT in-
vestment in the Department of Health and Human Services 
(HHS)2.

Table 1. CTEP Key Performance Indicators.

Each of these reported gains and improvements are quite dra-
matic. In our general experience and in our work in reengineer-
ing at CTEP, such improvements cannot be achieved through 
technology alone. Transformation of the business processes 
and the roles and responsibilities of the people involved is
also needed. In fact, we have found this three-part com-
bination (people, process and technology) to be es-
sential to substantial transformation of any enterprise.

Although dramatically improved, the indicators show a focus 
on the volume of work being done and how to do more. Re-
cent work1 by David Dilts, PhD highlights the complementary 
advantages of being more selective about what clinical re-
search work to do. Dilts’ work suggests that CTEP is now in 
a position to accomplish an even better job of determin¬ing 
what clinical trials to approve, activate, and execute to com-
pletion given the richly detailed data generated from the in-
formatics system now facilitating program administration. 
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A focus on both (how to do trials and what trials to do) is 
needed to truly optimize the return from investment in can-
cer research. As we will describe in later sections, some of the 
systems for the former task are prerequisite to the latter task.

Since 2005, CTEP has continued to develop tools that will fur-
ther streamline workflow. The recently developed Docu-MART 
application is a case in point. This application will make it easier 
and faster to generate LOIs, concepts and protocols. Docu-MART 
also handles the workflow and tracking for protocols. CTEP is 
promoting its use as a means to expedite review and approval of 
high quality clinical trials without proportional staffing increases.

It is perhaps even more important to make sure that the most 
promising clinical studies are started and managed through this 
efficient trial lifecycle. Docu- MART will provide a consistent 
and comparable representation of LOIs, concepts and proto-
cols, and will help with status and tracking. It provides review-
ers with facilities for online real-time review and commentary. 
The net productivity gains free up assigned reviewers’ time to 
concentrate on scientific analyses and evaluations. Additionally, 
with data from the workflow facilitation systems, data about the 
studies, more integrated access to external reference materials, 
we can do a much better job of supporting the scientific work – 
one crucial focal area for the next phase of development work.

Next, we will review the application suite and technologies in 
use at CTEP and some of the history of its construction. This 
will position further elaboration of CTEP’s new application 
architecture, one that makes optimal use of the best technol-
ogy developed to date and exploits the most recent technical 
developments in information systems.

The Current Application Suite and Architecture

CTEP’s current suite consists of twenty-two applications pro-
viding a broad variety of functions spanning the full lifecycle 
of a clinical trial including: planning, activation, conduct, 
and reporting. These applications are used by CTEP staff and 
collaborators in the working groups and clinical research sites.
Figure 1 below shows CTEP’s applications distributed by 
usage across these four phases.

Figure 1. CTEP’s applications mapped to clinical trial lifecycle 

Each application averages roughly 105K lines of code in 
the application tier and over 250K lines of code for applica-
tion logic. In total, there are nearly five million lines of code 
in the suite. Figure 2 below shows that roughly two mil-
lion lines of code comprise the data tier with over half of 
that code concentrated in CTMBAISi The other segments 
comprise various application specific data access functions.

Figure 2. Code distribution in the data tier

The second largest of these is AdEERSii. The AdEERS data 
layer supports the reporting and analyses of adverse events. 
This data interface has recently been expanded to support 
the new CBIITiii developed application for adverse event re-
porting – caAERSiv. It is being expanded to support cancer-
imaging data through a set of web services allowing for fu-
ture support of cancer imaging data exchange from caAERS.

Figure 3. Code distribution in the application tier

Figure 3 above shows the distribution of code supporting ap-
plication logic for some of the larger applications.

The applications were developed over the past decade. Like 
many organizations, CTEP employed the best available 
technology at the time each new set of applications was 
commissioned. 
---------------------------------------------------------------------
i CTMBAIS is the Clinical Trials Monitoring Branch Audit Information 
System
ii AdEERS is the Adverse Event Expedited Reporting System
caAERS is the cancer Adverse Event Reporting System
iii CBIIT is the Center for Biomedical Informatics and Information 
Technol¬ogy IV The Cancer Adverse Event Reporting System (caAERS) 
is an open source software tool that is used to collect, process and report 
adverse events.
v These have been designed to be consistent with CBIIT’s caBIG archi-
tecture.
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The suite employs five distinct architectures reflecting this 
development heritage. 

Figure 4. CTEP’s application architectures

As the business benefits described in the preceding sec-
tion show, this proved to be a tremendously effective strat-
egy allowing rapid deployment of new function and rap-
id realization of improved efficiencies and throughput.

Having achieved all the benefits from automating the basic 
tasks, CTEP can now focus on integrating the components to 
improve data exchanges and workflows across trial phases and 
support better collaboration within phases. During the time this 
suite was developed, integration of the various application com-
ponents would have required custom, one-off development. As 
we will see in the next section, new technologies have been de-
veloped in the IT industry that dramatically reduce the integra-
tion effort and makes it feasible, even eco¬nomically advanta-
geous, to preserve substantial portions of the existing code as 
a basis for the future. The value of this new approach is quite 
significant. We estimate the cost of rebuilding this code base 
from scratch to be over $50M including the development time, 
defect correction, and deployment. The effort would take years 
as did the original development effort, and the result would 
be functionally equivalent albeit on a common platform. We 
believe that is far more cost effective and far less risky to ex-
tract the common components and concentrate on new func-
tion and integration. Our initial planning estimates show that 
we can deliver new function faster this way too. A services 
oriented architecture makes this possible. We discuss that next.

Services Oriented Architecture for CTEP

A services oriented architecture is a type of software
architecture that is based on discrete software provided servic-
es. The services are registered in a directory and all aspects of 
using the service (inputs, what functions the service performs, 
and the outputs) are described in a standard format. An exam-
ple is the caAERS-AdEERS/ABS web service. The AdEERS 
application consists of two components: a data-gathering da-
tabase for reporting, and analyses and tracking called ABS. 

The newly created AdEER/ABS service allows the caAERS ap-
plication to send adverse event (AE) information to the AdEERS/
ABS database. The service receives AE information and pro-
cesses it according to a set of business rules. If the information 
conforms to the defined rules, AdEERS/ABS accepts the AE into 
database. Otherwise, it notifies the service requester of an error.

Note that the actual code doing the work is the same code that 
has supported the AdEERS data gathering application. Only 
the interface has been extended to allow for caAERS to use 
this code in addition to the AdEERS reporting application.

In Services Oriented Architectures (SOA), the service
interfaces are standardized, fully described, and registered in 
a directory. Even the location of the service (similar to a web 
address) is included in the registration. This greatly eases the 
burden on a programmer wishing to reuse existing applica-
tion logic. He or she generally can do so just by finding the 
service needed in the registry and using the registry informa-
tion to locate and make use of it in his or her new application.

Notice that the user and author of the service do not need to work 
directly together. This makes it possible for the service author to 
simply extend existing application code with a SOA style stan-
dardized interface – a task generally far simpler than rewriting 
the code from scratch. Moreover, the existing code such as the 
AdEERS/ABS which has been used in production for many years 
is generallyfar more reliable than brand new software would be.

While the services are quite useful, there are additional elements 
of a Services Oriented Architecture that make it really powerful. 
A very prominent feature of any SOA is the enterprise service 
bus (ESB). The ESB provides a means for services to convey 
input and outputs to each other. It also facilitates and monitors 
service invocations.This allows it to keep track of all of the calls 
and responses among services, recording statistics on the num-
ber and timing of such events. Typically, this information can be 
used to track the key performance indicators (work getting done, 
how fast, by whom, etc) of the system and these in turn usually 
provide some strong indication of performance of the enterprise 
and its utilization. The ESB would also facilitate the integration 
of components from CBIIIT’s Clinical Trial suite. This is anoth-
er feature of a SOA – easy adoption of alternative technologies. 
Last, the ESB usually provides a framework for describing and 
executing workflows, which in turn invoke the system’s servic-
es. By using the ESB for workflow, an enterprise can extend or 
modify its workflows and processes more easily than would be 
possible if the workflow was embedded within its applications.
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Fully utilizing SOA in CTEP

This new technology presents an important and valuable 
opportunity to CTEP.

Figure 4. Finding CTEP’s best technology

We have completed an assessment of the existing code base. 
We have found that roughly 20% of each application compris-
es utility services common among the applications and found 
many application suites of this scale and complexity. A sec-
ond subset, similar in size comprises function more oriented to 
clinical research but nonetheless common across the suite. These 
sets of nearly redundant services can be replaced by a single set 
of service components made of the best of the existing soft-
ware parts. That is, we will keep the best technology, provide 
it with a proper service interface, and reuse it with the unique 
parts of each application. Figure 5 shows the results in principle.

 

Figure 5. Using CTEP’s best technology

Our work shows three advantages from leveraging the best tech-
nology across the 11 most important applications in  CTEP’s suite:

• Reduces overall code base by over 40%: 
This allows greater focus on the stability and reliabil		
ity of the common components.

• Allows construction of new applications faster:
We will only build truly unique software from scratch and reuse 
the existing whenever possible. Our initial studies and shows that 
new applications will take approximately half the time to build.

• Reduces maintenance costs by over 2X: 
Two causes are active in reducing costs of maintenance. First 
there is less code to maintain. Second correcting a defect in the 
common components corrects that defect for all applications 
that use that common component.

Clearly, these advantages are compelling. Our work to date 
shows that these benefits are quite feasible and achievable with 
a consequent effect that more resources can be devoted to new 
projects. Our 2008 development plan has taken advantage of 
this reallocation of resource enabling the development of more 
application more quickly with fewer resources. In the next 
section, we discuss what new types of new projects would 
provide the most impact.

Future Development

In general, CTEP has taken a practical approach to selecting 
new informatics applications. That approach has established 
an informatics foundation piece by piece – each providing 
a focused set of benefits to the enterprise. The next phase of 
development can exploit this data rich foundation 
and add new data sources to facilitate faster and bet-
ter decision-making. We can also employ readily avail-
able SOA technologies to more effectively integrate data 
sources and to facilitate collaboration and workflow.

Decision Making

As shown in Figure 1, the suite includes a clinical trial dash-
board. This application is implemented as a web portal and pro-
vides a set of common reports along with a facility for users to 
compose additional queries and reports. As we have considered 
the suggestions for reports and decision models, it is clear that 
CTEP already has most if not all of the data it needs. How-
ever, the decision makers would be able to make better deci-
sions if the data were presented more effectively. For example, 
borrowing a technique often used in portfolio analyses we can 
summarize the attributes of a proposed or in progress proto-
col under a set of (nearly) orthogonal measures. Using these 
summarized measures, we can then distribute protocols within 
2-axis grid. Dilts has suggested using the scientific merit of 
projects as one axis and the operational complexity as another.
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These measures would summarize a set of attributes of the 
various protocols for which CTEP already has the data. The 
resulting graph might look like Figure 6 below.

Figure 6. A sample portfolio

In this example, we are representing each project as an el-
lipse. The merit and complexity of each project is illustrated 
by its position in the grid. The actual accrual vs. planned by 
the color (red, yellow, green), and the relative cost by the size 
of the ellipse. This type of visualization provides a lot of in-
formation in a compact form. One can easily identify the 
high risk, high cost, low accrual, and low merit projects (up-
per left– Project D) that should potentially be cancelled.

Presenting the characteristics of protocols in this way would 
help decision makers maintain a balanced clinical research 
portfolio. For example, a balanced investment portfolio would 
typically include a subset of projects that are more costly and 
difficult but have a potentially greater scientific significance. 
To balance the risk inherent in these projects, the portfolio 
might also include a subset expected to generate more certain 
albeit less significant scientific outcomes and at lower cost.

Commercial software and increasingly even open source 
software can be used to create this example and many other 
kinds of data visualizations.

Workflow and Collaboration

Referring to Figure 1, we note that the applications used in 
each phase of the clinical trial are discrete and distinct from 
one another. Also, the groups/ sites and CTEP use different ap-
plications. The applications are engineered to provide effective 
interchange of data. In some cases the applications are built ex-
pressly to gather and submit data to CTEP or to present sub-
mitted and aggregated data back to the groups and sites. The 
data exchanges among applications are in part responsible for 
the business returns described earlier. Nonetheless, by adopt-
ing a Service Oriented Architecture and most notably an enter-
prise service bus, we will be able to compose more effective 
intra and inter phase workflows and better intra-phase col-

laborations between CTEP and the cooperative groups/sites.
Data Integration

Last, we note that there is a large number of data exchange 
interfaces among the branches of CTEP, with other parts of 
NCI and with the cooperative groups. In general, we find data 
service interfaces to be a more effective means of data inte-
grtion than data exchange. Here’s why: data exchanges always 
introduce time lags. Whenever a source of changing data is 
copied, the copy must be refreshed on some periodic basis to 
remain current – it is usually at least a little out of date. In con-
trast, a data service always accesses the data at its source – the 
data user gets data that is never out of date. Service interfaces 
tend to cost less to operate too. This is because storage costs are 
lower and there is no need to provide administrative services 
or backups for the copied data. Occasionally, performance and 
network latency considerations might indicate the need for ex-
changes but CTEP is investigating the opportunity to replace at 
least some of the data exchanges with data service interfaces.

Conclusions

CTEP-ESYS has provided a tremendous return on invesment  
to CTEP and to the extended clinical research enterprise help-
ing the enterprise dramatically improve the efficiency of clini-
cal research. Through careful analyses and selection of reus-
able components and careful reengineering and adoption
of SOA technologies, we are further exploiting the CTEP 
-ESYS foundation to deliver the next wave of benefit – 
providing greater insights into what research to do.
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