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Abstract

Purpose – The purpose of this paper is to provide an overview of knowledge capture in the
biopharmaceutical industry, focusing primarily on the transition from paper-based to electronic data
capture (EDC) systems.

Design/methodology/approach – The paper draws on biopharmaceutical industry literature and
data from example clinical studies to describe the issues involved in transitioning to EDC in the
clinical trials environment.

Findings – While electronic data capture systems provide greater efficiencies along the clinical trial
supply chain, the industry is still far from achieving wide scale utilization of such technologies. The
barriers to successful implementation are multifaceted, involving not only the information technology
itself, but also user acceptance issues, lack of interoperability standards, and regulatory compliance.
Major shifts in organizational culture and a unified effort within the industry will be necessary in order
to derive full benefits from electronic capture systems in the future.

Research limitations/implications – This study was limited in that case data from only one
company was used to supplement the literature review. Further research is warranted to better
understand the factors that facilitate adoption of electronic knowledge capture systems in the
biopharmaceutical industry.

Originality/value – While the need for knowledge management in the healthcare industry is
indisputable, there has been remarkably slow progress in this area, and a dearth of research exploring
implementation issues. The value of this type of inquiry is profound as it will help us better
understand the issues in implementation and adoption, and ultimately to deliver more effective and
safe drugs to the public in a more efficient manner.
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Introduction
A number of critical factors, including an aging population, greater life expectancies
and expanding markets into the developing world, have contributed to the phenomenal
growth of the biopharmaceutical industry in recent years. Along with these external
forces have come major advances in bioengineering, nanotechnology, and genomics,
making the drug delivery process increasingly dependent on new and advanced
information technologies. With a global drug market of $643 billion annually (IMS,
2007), the future would certainly seem bright for the biopharmaceutical industry.
According to some industry reports, while the industry is still experiencing double
digit profitability rates, the market is actually in decline. Several factors are at play,
higher R&D costs, time delays and rising rates of downstream attrition, being among
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the most critical (Bart, 2003; Carel and Pollard, 2003). Some estimates report that the
costs of developing a new drug exceed $800 million and take an average of 11 years from
creation to market, causing pharmaceutical companies to experience a pronounced
“profitably gap” (Bart, 2003). As pressures on the industry continue to mount, quality
and safety issues become a greater concern. The highly publicized recall of the COX-2
inhibitor Vioxx in 2002 is but one example of how the system can go awry.

In order to gain greater efficiencies along the drug discovery supply chain,
biopharmaceutical companies will need to embrace more innovative methods. Perhaps
the most important prerequisite to innovation in a knowledge-based economy is the
ability to leverage the intellectual assets of the organization. Organizations around the
world are turning to strategic knowledge management (KM) approaches to address
this need. KM deals with the capture, creation, codification, sharing, access, application
and re-use of knowledge. It is a paradox that while great technological strides have
been realized in the biopharmaceutical sector over the last few decades, the utilization
of KM has been slow to take hold in both the healthcare and clinical trials
environments. Electronic data capture (EDC) is an emerging technology that can
streamline the drug discovery process by allowing for the collection of clinical data in
an electronic format, reducing much of the overhead and quality problems inherent in
paper systems. While electronic data capture systems promise to modernize the clinical
trial process, the industry is still far from achieving wide scale utilization of such
technologies. The barriers to successful implementation are multifaceted, involving not
only the information technology itself, but also user acceptance issues, lack of
interoperability standards, and regulatory compliance. Major shifts in organizational
culture and a unified effort within the industry will be necessary in order to derive full
benefits from electronic capture systems in the future.

This paper provides an overview of data capture in the biopharmaceutical industry,
focusing primarily on the transition from paper-based to electronic data capture (EDC)
systems. The paper draws on biopharmaceutical industry literature review and data
from example clinical studies to describe the issues involved in implementing EDC in
the clinical trials environment.

Knowledge management in the drug discovery process
Well into its second decade as a unique discipline, KM continues to gain momentum
within organizations across the world. KM has been adopted by such corporations as
Accenture, Cable & Wireless, DaimlerChrysler, Ernst & Young, Ford, Hewlett Packard
and Unilever (Rao, 2005) as well as by government and international development
agencies (Malhotra, 2003). In the big pharma environment companies such as
Bristol-Myers Squibb have embraced KM, realizing significant benefits as a result
(Leavitt, 2002). In general, however, the biopharmaceutical industry has been slow to
implement KM practices in the drug delivery context (Hodgson, 2001).

Effective KM requires several important processes involving the identification,
acquisition and dissemination of knowledge to provide a strategic advantage. Dalkir
(2005) distills these into the following three stages, which make up an “integrated” KM
life cycle:

(1) Knowledge capture and/or creation.

(2) Knowledge sharing and dissemination.

(3) Knowledge acquisition and application (see Figure 1).
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In this model, knowledge content is “assessed” to ensure that is of sufficient value
before it transitions from the knowledge capture/creation stage to the knowledge
sharing and dissemination stage. It is then “contextualized” as it flows to the next stage
in order to be understood and used. Finally, it flows back to the first stage, as the
knowledge content is “updated”. Data from clinical trials are assembled and evaluated
for safety and efficacy and used to help in the approval of new treatments, ultimately
getting these medicines into the global marketplace to the patients who need them. It is
heavily dependent on processes in each stage of the KM cycle. However, the early
activities of the R&D pipeline, in which data is systematically captured, integrated and
distributed, are particularly important as these determine quality of the knowledge as
well as how efficiently it is disseminated and utilized by investigators. An important
aspect of the clinical trials process is the recording of observations, patient behaviors,
and environmental factors that might be perceived but not easily codified (i.e. tacit
knowledge). Much information, for example, may be buried in laboratory notebooks,
which contain not only specific details relating to experimental procedures, but also
inferences and conclusions drawn from such activities (Carel and Pollard, 2003).

Effective KM becomes an even greater issue in clinical trials as newer biomedical
techniques become more widespread, causing changes to the flow along the pipeline
from the traditional linear to a more dynamic, iterative process where more is done in a
parallel fashion (Carel and Pollard, 2003).

Data capture in clinical trials
There is much data that needs to be recorded in a clinical trial setting. The patient
being observed possesses an untapped reservoir of usable information pertaining to
the treatment under question. Quantitative data relating to bodily functions needs to be
measured and recorded, as well as qualitative data based on observation. After the
data is collected it needs to go through several waypoints as the information is
validated, massaged and stored in a database, available for future retrieval and
utilization. A unique aspect of this scenario is the requirement to validate all data as
close to real-time as possible, as the source of the data (i.e. the patient), may not be able

Figure 1.
Knowledge management
cycle
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to provide confirmation at a later date due to worsening health conditions or death. In
this case, valuable data may be lost or rendered useless in a future analysis.

Traditional paper-based approach
In the traditional approach, a number of key actors are involved in capturing and
recording data on paper-based artifacts. The typical workflow may involve a number
of tasks performed in a linear manner (Sahoo and Bhatt, 2003):

. the Investigator records data on the case report form (CRF);

. the Monitor conducts the source data verification (SDV), collects and submits the
CRF to the data management (DM) unit of the sponsor; and

. DM personnel complete the data entry, after seeking clarification from
Investigators and staff and validating the accuracy of the entries. If problems
occur, data clarification forms (DCF) are issued.

There are many inherent problems in such paper-based processes, including
administrative costs, risks of damage and misplacement. As a result, response time
and quality suffer in this scenario. Not counting the potential delay due to recruiting
patients for the trial, a paper-based approach can add huge lag times to the clinical
process, up to six to nine months (Sahoo and Bhatt, 2003).

Another drawback to the paper approach has to do with storage and retrieval.
Important metadata, or data about the data, are not easily generated using paper
systems. This limits the ability to search the data for future problem solving (Beyster
et al., 2005).

The promise of EDC
As biopharmaceutical companies become increasingly pressured to bring new
products to market in a faster, more cost-efficient manner, the need for more innovative
approaches becomes critical. Issues of quality and safety are also of great importance,
increasing the frequency and length of clinical trials, and causing even more cost in
terms of time and dollars. Over the last decade a growing number of companies have
turned to EDC to alleviate some of these problems. Related to an older technology
called Remote Data Entry (RDE), which were introduced in the 1980s and early 1990s,
EDC started to gain recognition about a decade ago (Hyde, 1998, Pratt, 2007). The
potential benefits of electronic approaches have been well documented. Kush (2006), for
example, claims that EDC can reduce errors going from the investigator site to the
biopharmaceutical company by between 70-80 percent and that it can cut database lock
time to a matter of hours (as opposed to the four to eight weeks typical in paper
method). Other advantages of EDC, extracted from a number of sources (i.e. Bart, 2003;
Kush, 2006; Bushnell et al., 2006; Sahoo and Bhatt, 2003), include the following:

. saving time and effort for the project team and monitors with regard to CRF
retrieval, DCF generation, query resolutions, CRF transmittal, and courier
tracking;

. elimination of initial process of data entry, data cleansing, and the manual query
resolution process for the data management team;

. effective monitoring of the progress of the clinical trial from a central location;

. facilitation of quick reporting of events through web-enabled support systems;
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. hastening of the time of drug development process and the reduction of the cost
of drug development;

. increased business process throughput by automating data capture;

. secured indexed storage of original document images to legal admissibility
standard;

. decentralized information capture; and

. reduction of paper chase by capturing paper forms and documents via a number
of devices (e.g. scanners connected over the web, networked MFDs over web or
WAN, remote fax machines, dedicated centralized production scanners).

While not abundant, there is empirical evidence to support the contention that
electronic techniques provide time and cost advantages. Bart (2003) analyzes a number
of early studies that compared EDC with paper-based approaches. Although varied in
terms of context and experimental methodology, EDC revealed cost and times savings
across all studies cited. In total, a cost savings factor of 5.8 was achieved.

Beyster et al. (2005) reports on a number of companies who have successfully
implemented electronic capture systems and who have derived large benefits as a
result. Wyeth eClinical, for example, saved millions of dollars and reduced trial
duration by 18 months after implementing an integrated electronic Case Report Form
(eCRF) system. Eli Lilly is another company who realized notable improvements (i.e.
reducing the time between last patient visit and database lock to 24 hours) after
implementing an internet-based solution during a clinical trial.

Bushnell et al. (2006) found that EDC versions of the instruments typically used in
Irritable Bowel trials (e.g. IBS-QOL, EQ-5D, and WPAI:IBS) to be comparable to their
paper-based equivalents in terms of internal consistency and test-retest reliability.
More significant, the electronic versions had greater patient acceptability. Lauritsen
et al. (2004) found that electronic and telephone diaries used for data capture in clinical
trials improved quality over paper-based methods.

By some estimates, we have reached a “tipping point” with regard to EDC adoption.
According to a recent report by Health Industry Insights (2007) companies have
increased their EDC investments by about 6.5 percent annually. The report further
predicts that investment in EDC solutions will increase at a 14.7 percent compound
annual growth rate, to a total exceeding $3.1 billion, within the next four years.

EDC implementation issues
Optimistic projections notwithstanding, there are no guarantees that EDC will reach
critical mass any time soon. There are many implementation challenges that have
slowed adoption and which will need to be overcome. As of 2007, only one third of
clinical trials are using EDC (Schaltenbrand, 2007). Of those who have implemented
EDC initiatives, 70 percent have not achieved the expected benefits (Tyson and Dietlin,
2006). A wide array of technology, people and process-related factors have made EDC
implementation a challenging proposition and one that needs to be carefully managed.
The following section highlights the most important issues surrounding EDC
implementation:

Information technology infrastructure – an important consideration is the
technology itself. There are many EDC approaches, each involving different
infrastructures (i.e. software, hardware and networking components). Depending on
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the implementation, EDC may include fax, optical character recognition (OCR),
interactive voice response systems (IVRS), speech recognition, remote data entry (RDE)
and web-based technologies. Investigator sites, therefore, need adequate resources (e.g.
PCs, fax machines, scanners, internet connectivity, broadband access, etc.) to be able to
derive full benefit from the EDC implementation.

Issues such as software installation, server maintenance and customization need to
be addressed, requiring the technical support and collaboration with IT departments,
which are frequently understaffed and do not typically receive revenue in clinical trial
contracts. Without monetary or other incentives, IT departments may tend not to
become fully engaged in the EDC effort (Welker, 2007). External hosting has become an
important trend in EDC implementation. An application service provider (ASP) model
may help reduce dependencies on local organizations, leaving IT departments to
concentrate on basic equipment, such as PCs, phone lines and scanners.

While IT certainly has an important role to play, a common mistake is to allow it to
drive the implementation process. In many cases, if IT is perceived as the one driving
the EDC project, end-user acceptance will be negatively impacted. It is critical to
incorporate participation from all stakeholders, including study managers, data
managers and monitors, involved in the implementation (Tyson and Dietlin, 2006).

Another challenge facing the industry is the increasing shortage of both qualified
investigator sites and eligible patients for clinical trial research (Sung et al., 2003). It is
likely that the increasing demands of the clinical trial industry (i.e. larger patient
populations, more stringent eligibility requirements, total number of competing clinical
trials) have contributed to this shortfall. In response to this situation, pharmaceutical
companies are increasingly conducting trials and recruiting patients in the developing
world. Although there is a large and often eager population of both investigators and
patients, the required digital infrastructure is often not up to par in such environments.
Many investigator sites in the developing world lack even the most basic computer
systems and Internet connections. Additionally, although many of the investigators
are English speaking and technologically fluent, much of the ancillary personnel, such
as study nurses and technicians, have limited English language capabilities and
computer-based skill sets. Paper-based forms tend to prevail, as they are both easier to
complete and to translate in this challenging environment.

Data standards – one of the biggest challenges in implementing new information
technology (IT) in today’s rapidly changing world is connecting all of the disparate
system components together in a seamless way. For this, we need robust enterprise
architecture. This is particularly true in the biopharmaceutical industry, where the lack
of accepted data interchange standards has been an ongoing impediment to progress.
The lack of interoperability creates serious disruptions in the clinical trials pipeline and
is estimated to cause the industry in excess of $150 million a year (Vermeiren, 2007).
The Clinical Data Interchange Standards Consortium (CDISC), a non-profit
organization whose mission it is to develop interoperable data standards in the
healthcare industry, has been working hard to ameliorate the problem via several
initiatives.

The Submissions Data Standards (SDS), a set of standards from CDISC, were
formulated to guide the organization, structure and format of standard clinical trial
tabulation datasets which need to be submitted to regulatory agencies such as the
FDA. A major problem in implementing EDC systems is the choice of the database
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structure used with the specific EDC application and/or Clinical Data Management
System. Implementing SDS at the start of the clinical trial is an important step in
ensuring that the data are entered correctly initially and that future conversion is not
required. Much time is gained by eliminating inconsistencies between the locked
database and submitted data.

A number of other standards are prevalent in the healthcare industry, adding to the
mix. Kim (2005) describes the maze of data standards prevalent in the healthcare and
pharmaceutical research arenas. Common exchange and messaging standards in the
industry include HL7, DICOM and NCPDP which deal with patient, radiological and
prescription data respectively (see Table I). Other standards categories include:

. Terminology standards – provide specific codes relating to diseases, problem
lists, allergies, medications and diagnoses included in paper charts and
transcriptions (e.g. SNOMDED for clinical terms; ICD for medical diagnosis).

. Document standards – indicate what type of data is contained in a document and
where it is located (e.g. CCR for inter-provider information communication such
as patient identification information, medical history, current allergies and
medications, care plan recommendations).

. Conceptual standards – allow data to be transported across disparate systems
maintaining meaning and context (e.g. HL7 Reference Information Model).

. Architectural standards – define the processes involved in data storage and
distribution (e.g. the Centers for Disease Control’s NEDSS system to advance the
development of efficient, integrated, and interoperable surveillance systems at
the state and local levels facilitating sharing of appropriate data across
jurisdictions).

Another trend, occurring simultaneously with EDC adoption in the clinical trials
environment, is the increasing use of electronic medical records (EMR) systems to
maintain patient data in physicians’ offices and in hospitals. Unfortunately, the data in
most EMR systems (which contains much of the same patient information captured in
EDC systems), can not be used directly in the clinical trials environment due to
incompatible data formats and also because the infrastructure is not governed by
clinical research regulations (eClinical Forum and PhRMA EDC/eSource Taskforce,
2006). This results in much duplication of effort and is extremely inefficient. For
example, it is not uncommon for information to be hand written in a patient chart, later
entered into an EMR, and then printed on paper for hand transcribing from the EMR
into an EDC. Or, in the other direction, data which has been collected in an EDC is
backfilled into an EMR or patient chart to comply with regulations unique to the
healthcare industry.

Acceptance issues – acceptance and adoption of new information technology is an
ongoing challenge and a recurring theme in the information systems literature.
Ericcson and Avdic (2003), offer a framework for KM system acceptance, based on the
following three factors: perceived relevance; systems accessibility; and management
support.

This framework is applicable to the clinical trials environment in which the capture
of knowledge plays such a critical role. Users of a KM system need to understand how
it adds value to their work and be able to integrate it into current work practices.
Unless those entering data into an EDC system perceive some personal gain from
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participation, they are unlikely to be enthusiastic about the implementation. Welker
(2007) considers the problem of user motivation to be a serious barrier to EDC
implementation and stresses the importance of shifting the mindset, and culture, of the
organization to facilitate acceptance. An important precursor to such cultural shifts is
adequate training (Welker, 2007; Kush, 2006), not only in the specific technologies
involved, but also in understanding why the system is necessary and how it impacts
the big picture in terms of workflow. Tyson and Dietlin (2006) emphasize that fostering
a “culture of ownership” is an important success factor, empowering users of the EDC
system to implement necessary process changes when necessary.

Systems accessibility deals with such questions as when, where and how users gain
access to the system. As mentioned previously, access to the necessary hardware,
software and communications technologies is critical in order to be able to derive full
benefit from the EDC implementation. The user of an EDC system is typically presented
with an analogue of the paper-based CRF in a graphical user interface (GUI). It is
important for the GUI to be well designed, enabling users to perform their data entry
tasks without additional training or consultation of manuals. The chosen product needs
to have an intuitive interface, providing adequate language and visual cues for the user

Finally, management support undergirds any successful KM implementation and is
an integral success factor in EDC systems adoption. Welker (2007) cites the lack of
adequate managerial involvement as a factor that impedes adoption of EDC in many
clinical settings. Kush (2006) also stresses the importance of strong managerial
capabilities such as planning, leadership, and use of metrics, as necessary to make EDC
implementation successful.

Another important factor is ease of use. It is interesting to note that physicians will
often prefer paper-based over electronic methods simply because they are more familiar
and at times more convenient to use. Medical assessments are the cornerstone of the
clinical trial industry. Physicians play key roles in determining how clinical trials are
conducted. Faced with demanding time constraints, the study protocols that they author
often focus exclusively on the immediate details pertaining to the trial (e.g. investigator
conduct and results reporting) while ignoring the need for a later independent review of
the study data (Sawhney et al., 2006). Once the review process becomes imminent,
physicians will often opt for paper-based systems because there is not enough time to
work through the validation processes required in EDC systems. Additionally, the
traditional use of subjective assessments (e.g. narrative descriptions of patient
symptoms or describing oncology tumors simply as “worse” or “better,” rather than
providing linear or volumetric measurement) do not lend themselves as well to EDC
systems. For these reasons, paper-based systems tend to be favored in many trials.

Regulatory compliance – the challenge of data capture has become more complex
and demanding due to recent changes in the regulatory environment. The Health
Information Portability and Accountability Act (HIPAA), for example, is legislation
designed to protect the privacy, security and distribution of the health information of
identifiable individuals. The areas of HIPAA that directly impact EDC implementation
are privacy and security. Specifically, HIPAA mandates that Protected Health
Information (PHI), regardless of the form of the information, must be fully
“de-identified” before collection. This in itself is a potential problem since so little of the
information collected in research clinics meets the standards of de-identification as set
forth in the law (Outcome Sciences, 2004).
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Validation is also an important issue that impacts EDC implementation, requiring
strict attention to federally mandated regulations. Investigator sites need to be familiar
with the FDA’s Electronic Record, Electronic Signature Regulations (21 CFR Part 11)
which requires that computer systems and electronic records provide for the following
safeguards (Marks, 2004):

. validation of computerized systems to ensure the accuracy, reliability, integrity,
availability and authenticity of required records and signatures;

. audit trail which is both computer generated and time-stamped;

. physical, logical and procedural security measures;

. access control – limited to authorized individuals with proper system training
and for inspection;

. adherence to established policies and standard operating procedures; and

. retention of records to allow for retrieval.

EDC is a key element of the eClinical/knowledge management platform
EDC is a key element of the eClinical/knowledge management platformAn overall
eClinical solution is critical knowledge management for biopharmaceutical drug
development. It allows for the interchangeability and interconnectivity of data among
standard components, such as Clinical Trial Management Systems (CTMS), Interactive
Voice Response Systems and EDC, in the clinical environment. Perceptive Informatics,
the technology business of PAREXEL, a global biopharmaceutical services provider,
for instance, provides an eClinical platform, which brings data together to create a
broader picture of the trial, resulting in improved quality, safety and decision-making.

As an integral part of this flexible eClinical infrastructure, data from EDC solutions
are seamlessly married with data from other study-related sources such as e-patient
diaries and hybrid, paper-based data capture systems. Study reports and portals
provide real-time access to system metrics and clinical data.

EDC speeds data analysis timelines
Data capture methods can be evaluated using a number of different metrics, including
accuracy and completion rate. By comparing two similar phase III oncology studies that
had previously been completed by Perceptive Informatics, differences in the efficiencies
of two capture methods are considered; paper-based and electronic-based (EDC).

For these studies, data were generated and gathered at investigator sites via
physical assessments (e.g. radiography, blood work) to compose the entire collection of
the patient’s raw clinical data. This raw data was managed by the clinical sites,
allowing clinical investigators to assess the patient’s performance while on the drug
under investigation. These assessments, in addition to the raw data supporting them,
are collectively referred to as Clinical Dossiers. They were crucial to the independent
review of study data (including the actual radiological exams) during these trials.

In both of the phase III studies, knowledge capture and transfer began at the
investigator site with the submission of the collective raw data for each patient to the
client’s data management group. However, both studies differed in the methods used.
Protocol A used the older, paper-based case report forms (CRFs) to compile the data.
Protocol B used a web-based EDC system to compile the data. Once the raw data were
submitted to the data management group and a patient was identified as complete and
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slated for independent review, the data management group compiled all patient
knowledge into the Clinical Dossier and transferred it for a facilitated independent
review.

Once acquired and prior to the independent review, there was reconciliation
between the data in the dossier and the data in the database. Any discrepancies noted
through this reconciliation delayed the independent review, since the data
management group now needed to develop a solution and revise the dossier.

Measuring the time from the first receipt of the dossier to the time in which the
patient was ready for independent review is a simple and intuitive way to compare the
efficiency of the two different methods used. It is not unreasonable to assume that the
shorter the time between clinical dossier receipt and patient review readiness and the
fewer the discrepancies, the more efficient a method is in capturing and transferring
clinical trial knowledge.

For protocol A, which employed the paper delivery system, an average of 80 days
passed between the delivery of the first dossier to the time that the patient was ready
for independent review. For protocol B, which employed the EDC method,
approximately 40 days passed between the delivery of the first dossier to the time
that the patient was ready for independent review.

This data would suggest that the EDC method can cut down discrepancy resolution
time by approximately 50 percent. While this data implies that EDC is superior in
facilitating knowledge capture and transfer over the older paper-based method, we are
still faced with many of the operational challenges discussed previously. The use of
EDC in protocol A caused the sponsor to be extremely selective with the clinical sites
and in many cases the sponsor had to subsidize the installation of a dedicated high
speed internet line. The sponsor also had to place a significant emphasis on the
training of staff in not only the functionality, but also in the regulatory considerations
of EDC. Lastly, necessary fields collecting Serious Adverse Event and Adverse Event
data were absent from the EDC, causing additional delays in both the data
reconciliation and data cleaning. This suggests that while EDC was much more
efficient than the older, paper-based method, a more proactive design of EDC to capture
all aspects of the data would have yielded an even greater efficiency.

EDC is no substitute for training and monitoring
In one independent review of radiographic data (i.e. CT, MRI, and X-ray exams) to
assess the efficacy of an experimental cancer treatment, the basic assessment centered
upon testing whether this new compound would shrink existing cancerous lesions (i.e.
tumors) and/or prevent the occurrence of new lesions. Both the investigator site and
trained radiologists independently measured tumor diameters on medical imaging
scans to determine change over time for existing lesions and simultaneously recorded
the presence or absence of new lesions.

It was decided early on to use EDC to record their independent results. It was
envisioned that EDC would help ensure consistency between the two reviews. The
rationale for this assumption consisted of the following:

. Both reviewers had the complete medical imaging dataset. The investigator’s EDC
form prompted reviewers to enter exam data (i.e. modality and exam date) prior
to review. A common occurrence with paper forms is that an assessment is
submitted, yet the modality and date of the imaging exam in question cannot be
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determined or is incorrect (e.g. exam date is after assessment date). When
discrepancies arise, it is very difficult to ensure that the independent reviewer is
looking at the same images as seen by the investigator. Using EDC, it is
relatively easy to produce an ongoing reconciliation (via electronic reporting) of
exams acquired at the investigator site and those that had had been received by
the independent reviewer. Missing or erroneously data are more quickly
corrected in-stream rather than nearer the final analysis (when all the paper
forms eventually surface for review by the sponsor).

. Review criteria edit checks. The assessment criteria used for this study, Response
Evaluation Criteria in Solid Tumors (RECIST), requires complicated algorithms
of limited lesion selection areas, linear measurement, and percent change
calculations over time that are very difficult to enforce with paper forms.
Mathematical errors and lesion selection omissions/errors have typically been
the norm with manual reporting. EDC systems were built to aid reviewers by
providing the mathematical results and attempting to enforce proper lesion
selection and follow-up reporting.

After a planned interim analysis was conducted consisting of approximately 120
patients, it was determined that the investigators and the independent reviewers
disagreed on “new lesion” determination 37 times in this sample size alone. In all
instances, the investigators had indicated the presence of a new lesion, while the
independent reviewer did not confirm this conclusion. Although there are no published
concordance expectations for this type of analysis, the amount of discrepancy seen here
was completely unacceptable. Therefore, an additional independent team of physicians
was established to produce a third party review of both datasets and determine the root
causes of the discrepancies.

After analyzing all EDC data and imaging exams for the 36 patients the final results
were as follows:

. A total of 23 cases consisted of miscellaneous errors by either the investigator or
the independent reviewer;

. Five cases involved differences in the way the two reviewer/EDC systems
interpreted disease assessments; and

. Nine were considered “borderline” new lesion and were very subjective.

A closer look at these results indicated that in 14 instances the requirements for the
EDC forms were not consistent between the investigator and the independent reviewer
systems or that the requirements were too vague (e.g. no minimum size was ever
established for a new lesion). The remaining 23 instances of discordance were not as
clear. In at least a few instances it was confirmed that investigators were utilizing
information outside of the EDC reported results (i.e. patient symptoms, additional
confirmatory medical tests, etc.) to determine new lesion assessments. Additionally, it
is speculated that investigators were not completing the assessments personally but
merely entering the data generated by others (probably subordinates or on-call
radiologists). Under these circumstances existing lesions can often be erroneously
reported as “new.”

In summary, lack of coordination and explicit requirements of the two EDC
systems, lack of training (or perhaps willful noncompliance), and lack of effective
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monitoring contributed significantly to the overall poor concordance of these study
results. Although in this instance EDC did play a significant role (it should be noted
there were no mathematical errors observed among thousands of calculations), the
technology alone cannot be counted on to supplant the standard clinical trial
management system consisting of continuous training and monitoring.

Summary and conclusion
Through a review of the literature and application of specific case data, a number of
important advantages of EDC surfaced, including improved data
clarification/correction capabilities, improved quality/accuracy of data acquisition,
automated data entry and submission, and greater time and cost efficiencies. EDC is
growing at a rate of 6.5 percent annually and is beginning to receive widespread
attention in the industry. There has been increased vendor activity in the EDC space
and investments in associated technology and solutions are growing at double-digit
rates, with projected sales in the billions within the next few years.

In spite of this dramatic growth, it is also evident from our investigation that while
EDC has the potential to radically improve the clinical trial process, it still faces a
number of significant hurdles, which may slow its adoption. As in any information
technology, successful implementation involves more than simply mastering the
technology itself. Barriers also include user resistance, lack of interoperability
standards, and regulatory compliance.

Major shifts in organizational culture will be required to implement EDC
successfully. Collaboration between the different stakeholders in the pipeline (e.g.
sponsor, contract research organization, investigator site) is also crucial. The industry
itself needs to come together to harmonize data standards.

There are a number of limitations in the approach used in this investigation and
further research is warranted. Our analysis was limited to only one phase of the KM life
cycle, the capture and/or creation stage. Also of vital importance is how knowledge is
shared, disseminated, applied and retrieved in the clinical trials pipeline. Future research,
focusing on these stages of the KM cycle, is necessary to better understand the
limitations and problems of leveraging intellectual capital in the drug discovery process.

Case studies are inherently limited in scope. To get a broader sense of the barriers to
EDC in this environment, future survey based and experimental studies are warranted.
While EDC is no panacea, it represents an important advance and one that has the
potential of improving the management of critical knowledge, translating ultimately to
the delivery of safer, higher quality and more affordable health care.
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