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Abstract

Background: Electronic data capture (EDC) tools provide automated support for data collection, reporting, query resolution,
randomization, and validation, among other features, for clinical trials. Thereisatrend toward grester adoption of EDC toolsin
clinical trials, but there is aso uncertainty about how many trials are actually using this technology in practice. A systematic
review of EDC adoption surveys conducted up to 2007 concluded that only 20% of trials are using EDC systems, but previous
surveys had weaknesses.

Objectives. Our primary objective was to estimate the proportion of phase I1/111/1V Canadian clinical trials that used an EDC
system in 2006 and 2007. The secondary objectives were to investigate the factors that can have an impact on adoption and to
develop a scale to assess the extent of sophistication of EDC systems.

Methods: We conducted a Web survey to estimate the proportion of trials that were using an EDC system. The survey was sent
to the Canadian site coordinators for 331 trials. We also developed and validated a scale using Guttman scaling to assess the
extent of sophistication of EDC systems. Trials using EDC were compared by the level of sophistication of their systems.

Results: We had a 78.2% response rate (259/331) for the survey. It is estimated that 41% (95% CI 37.5%-44%) of clinical trias
were using an EDC system. Trials funded by academic institutions, government, and foundations were less likely to use an EDC
system compared to those sponsored by industry. Also, larger trialstended to be morelikely to adopt EDC. The EDC sophistication
scale had six levels and a coefficient of reproducibility of 0.901 (P< .001) and a coefficient of scalability of 0.79. There was no
difference in sophistication based on the funding source, but pediatric trials were likely to use amore sophisticated EDC system.

Conclusion: The adoption of EDC systemsin clinical trialsin Canadais higher than the literature indicated: alarge proportion
of clinical trials in Canada use some form of automated data capture system. To inform future adoption, research should gather
stronger evidence on the costs and benefits of using different EDC systems.

(J Med Internet Res 2009;11(1):e8) doi: 10.2196/jmir.1120

KEYWORDS
Clinical trials; diffusion of innovation; electronic data capture; data collection

: the basic stand-al one database used for dataentry inasingle-site
Introduction trial, to the more sophisticated systems supporting multisite

Electronic data capture (EDC) systems are used in all phases international trials with remote data entry over the Web, data
of clinical trials to collect, manage, and report clinical and Vvaidation a the time of entry (eg, checking for out-of-range

laboratory data[1]. The capabilities of those systemsvary from values or impossible combinations of values), real-time status
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reporting overall and per site, participant status tracking, and
on-demand subject randomization.

Such systems have been discussed in the literature for more
than a decade [2,3]. There are a handful of studies suggesting
that the use of EDC systems can accelerate clinical trial start-up,
reduce the overall duration of a trial, and reduce data errors
[4-6]. To the extent that these positive results can be generalized,
they make the case for wider adoption of this technology in
clinicdl trias.

The number of published trials that use an EDC system has
beenrising [7], and there have been claims of arapid uptake of
thistechnology in clinical trials[8,9]. However, this optimistic
assessment is inconsistent with reports that the failure rate of
EDC adoption is as high as 70% [10], and, notwithstanding
methodological weakness in the existing evidence, only 20%
of trials are using EDC systems (see the systematic review in
Multimedia Appendix 1). If indeed the failure rate is so high
and the adoption rate is somewhat low, then either the
technology is not quite ready for use or there are extreme
difficulties being experienced in changing the practice of clinical
trial sto accommodate more automation. Should that be the case,
then future research should investigate the quality and
sophistication of EDC solutions and address the change
management issues in the adoption of such a new technology
in clinical trials workflows.

The primary objective of this study was to estimate the
proportion of phase I1/111/IV Canadian clinical trials that used
an EDC system in 2006 and 2007. The secondary objective was
toinvestigate three factorsthat can have an impact on adoption:
trial size, source of funding, and type of participants.

Tria sizewasmeasured in termsof the target number of patients
recruited and number of sites. We expected that larger trials
would be more likely to use an EDC system. The total cost of
atria is partially driven by the number of patients recruited.
Therefore, if atechnology reduces the effort spent per patient
(eg, on date entry and query resolution), then larger trials will
likely benefit more from EDC technology than smaller trials,
making it more likely that EDC would be adopted in the larger
trials.

Source of funding indicated whether thetrial was commercially
or academically/foundation funded. Controlling for size
differences, we expected commercialy sponsored trials to be
more likely to use an EDC system. A main reason is that
academic/foundation trials are less likely to have the funding
to license and implement an enterprise-level computerized
system.

Type of participant indicates whether the participants were adult
or pediatric. We had no apriori expectations about the direction
of impact of thisfactor and included it for exploratory purposes.

The contributions of this work are as follows: (1) We have
developed a scale to assess whether an EDC system is being
used and determine its level of sophistication, (2) We have
performed a content validation and unidimensional (Guttman)
scaling of the EDC sophistication scale, (3) We provided an
updated estimate of EDC adoption in Canadian clinical trials,
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and (4) We have identified which trial factors have an impact
on EDC adoption.

Methods

M easurement

Definition of an EDC System

Previous studies of EDC adoption did not have aclear definition
of what precisely an EDC system is (see the review in
Multimedia Appendix 1). This increases the risk of variation
among survey respondents’ interpretation of the meaning of an
EDC system and consequently increases the potential for error
in the survey results.

The use of an EDC system in aclinical trial does not preclude
the parallel use of paper case report forms (CRFs). Because of
uncertainty about whether regulatory authorities will accept
electronic documents as source documents (e-source), many
sites till maintain source documents on paper [11-13]. With
an EDC system in use, these data are typed into an electronic
system by the site personnel for submission to the central
database. There are a so studies where data are being collected
from/by different types of individuals using multiple modes of
dataentry. For example, nurses may enter datainto an electronic
system, but patient diariesare on paper, or viceversa. Therefore,
in practice, paper and electronic systemscoexist at thetrial sites.

To ensure consistent interpretation of what an EDC system is
in our study, we asked questions about the features of the
systems that were used in the clinica trial. If an electronic
system was used for data capture and management and it had
at least aminimum set of features, then it was considered to be
an EDC system. We define a minimum set of features as
allowing trial sitesto submit dataelectronically into the central
database and to be able to query that central database for reports
and aggregate statistics.

All trials have to enter/transfer their data at some point into an
electronic database or file for analysis. If trial sites send paper
CRFsor fax themto acentral coordinating site and the on-paper
dataaretranscribed into acentral database, that database would
not be considered an EDC system by our definition because
data are not submitted electronically.

Thefeature set we used was obtai ned from comparative product
reviews [7,14] and Food and Drug Administration (FDA)
regulations, namely the FDA's 21 CFR Part 11 regulation
“Electronic Records; Electronic Signatures’ [15-19], which
regulates the use of EDC in trials. A content validation study
was performed to ensure that we had adequate coverage of
critical EDC system features that are used in practice. The
guestionnaire development process, pilot testing, and the final
questionnaire are provided in Multimedia Appendix 2.

The EDC Sophistication Scale

We can divide EDC systems into those offering “basic” and
those offering “advanced” features. Thus, it is natural to have
variation in the features that are implemented in different EDC
systems. The more features that an EDC system implements,
the more “advanced” it is considered.
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If an EDC system implements the “advanced” features, then it
would by definition also implement the“ basic” featuresaswell.
The former would include the latter. This type of cumulative
relationship can be modeled through a Guttman scalogram
[20,21].

The original intention of Guttman scaling was that such a scale
would measure asingle underlying dimension of aphenomenon
(eg, job satisfaction or symptoms of fear during battle [22]).
The basic thesis of Guttman scaling is that it is possible to
determine which items were endorsed by a subject from the
knowledge of their total score (ie, an unweighted sum of their
responses). Assume that we have a five-item scale. Then, in a
Guttman scale, all subjects who endorse four items do so with
respect to the same four items; those who endorse three items
do so with respect to the same three items. Furthermore, these
three items are among the four items endorsed by those who
endorse four items.

Previous applications of the Guttman scaling approach include
the study of the evolution, progression, or growth of various
objects. For example, anthropologists utilize scalogram
techniques for studying the evolution of cultures [23], and
sociologists, in the study of the evolution of legal institutions
[24].

The Guttman scale is suitable for defining cumulative
functionality levels for an EDC system such that if a system
implements, say, feature 5, then it is likely to have aso
implemented features 1, 2, 3, and 4. If features can be ordered,
then the higher features signify more EDC sophistication.

We therefore used Guttman scalogram analysis to create an
ordered scale of EDC sophistication, with lower scores
indicating an EDC system that ismore basic with fewer features,
and higher scores indicating an EDC system that is more
advanced. The coefficient of reproducibility [25,26] and the
coefficient of scalability [27] are used to evaluate how well the
data fit the cumulative scale. Common acceptable thresholds
for these two indices are 0.9 for reproducibility and 0.6 for
scalability [28].

Sampling Frame

Clinical trials with Canadian sites were identified through two
main international clinical trials registries. ClinicaTrials.gov
and Current Controlled Trials. Such registries have been used
inthe past to perform descriptive analysis, such as on the global
growth of clinical trials [29]. Not all of the entries in these
registries are, strictly speaking, controlled trials since they
include phase IV observational studies aswell.

Sincethe 1997 FDA Modernization Act, FDA-regul ated efficacy
drug trialsfor serious or life-threatening diseases or conditions
haveto beregistered with Clinical Trials.gov [30]. One analysis
conducted in 2003 noted that there were more than 2000
investigational new drugs and 731 nongovernment-sponsored
trials registered (around 37% registration rate) [31]. The 2007
FDA Amendments Act considerably expanded the scope of
trials to be registered by including all trials except phase | and
imposed pendtiesfor noncompliance. Following theregistration
requirement by the major medica journals, led by the
International Committee of Medical Journal Editors in 2005
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[32,33], registrations with ClinicalTrials.gov have increased
dramatically [34]. Wetherefore expected that Clinical Trials.gov
would have good coverage of commercial clinica trials,
including those with Canadian sponsors aswell as non-Canadian
sponsors with sites in Canada.

The Canadian Institutes of Health Research (CIHR), which is
the main public funding agency for health research in Canada,
has arequirement that the randomized controlled trialsit funds
be registered with an International Standard Randomised
Controlled Trial Number (ISRCTN) and that basic information
about each trial be posted on the ISRCTN registry (Current
Controlled Trials) [35]. Wetherefore expected that between the
ISRCTN registry and Clinical Trials.gov, most of the Canadian
non-commercial trials would be captured.

Our sampling frame consists of registered trials that were
running in Canadafrom January 1, 2006, to December 31, 2007
inclusive. This means trials were included that were started or
terminated during that period, as well as ongoing trials that
started before 2006 and those that were still running at the end
of 2007.

Sample Size

Based on our systematic review (see Multimedia Appendix 1),
we expected that 20% of al trials would be using an EDC
system. For an estimate of the proportion of trials using EDC
with a 95% confidence interval + 5%, we would need 246
observations. It isreasonableto expect a40% unit responserate
for aWeb-based survey [36,37]. Therefore, we needed to survey
at least 615 clinical trials.

To analyze the factors affecting adoption, we constructed a
logistic regression model [38] with a binary outcome (EDC
adoption) of the form Adoption ~ Type F + Type P + log (Sze),
where Type F was a dummy variable indicating whether the
trial was academic or industry, Type P was a dummy variable
indicating whether thetrial participants were adult or pediatric,
and Size was the target patient recruitment.

Funding source and size were available/discernable from the
two tria registries. We performed a log transformation on the
target patient recruitment variable to ameliorate the heavy tail
(the transformed variable does not deviate from normality
according to the Kolmogorov-Smirnov test).

For the impact of size and whether a trial was academic or
industry, our initial hypotheses in the introduction were
directional. Therefore, we used one-tail ed tests on the parameters
for thesetwo variablesin our logistic model. For the adult versus
pediatric impact on adoption, our initia hypothesis was
nondirectional. Therefore, we adopted atwo-tailed test for that
analysis.

At 80% power and a baseline adoption probability of 0.2, a246
sample size for the multivariate logistic regression model can
detect an odds ratio (OR) of 1.57 at aone-tailed alphalevel of
0.05 for a one standard deviation increase in the log target
recruitment variable[39], which representsaplausibleincrease
in the probability of adoption. Similarly, the OR for the binary
academic/industry detectable at the same sample size is 2.26
for a change from academia to industry for a one-tailed alpha
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level of 0.05, and 3.7 for pediatric to adult for atwo-tailed alpha
level of 0.05. Therefore, theimpact of type of participant would
have to be quite large to be detectable.

Approach

The commercial SurveyMonkey system was used to run and
manage the survey.

It has been noted that contact informationinonlineclinical trials
registries has created a burden on principal investigators (PIs)
through excessive emails from patients, other clinicians, and
direct marketers[40,41]. Therefore, we expected that most Pls
who are the main contacts in these registries would be unlikely
to respond to the survey themselves. Keeping that in mind, and
considering that coordinators are the end users of an EDC
system and would have the operational experience of an EDC
if it was used in atrial, and that they would be more likely to
respond to the questionnaire, we decided to survey Canadian
site coordinators.

The registries did not always provide detailed contact
information for the site coordinators. In such cases, we had to
determine the contact information for the Canadian site
coordinators ourselves. Two approacheswerefollowed. Initialy,
an email was sent to the main contact of the clinical trial listed
with Clinical Trials.gov or Current Controlled Trialsasking him
or her to send usthe contact information for the Canadian sites.
If the above did not work (eg, often trials do not have contact
information if the trial has stopped recruiting, the trial may
provide a generic sponsor address as a contact, or a Pl contact
may not respond), we contacted the administrative person
responsible for clinical research at the sponsor or for the
Canadian sites listed in the registries asking for assistance in
locating the coordinator.

Administration

Each study coordinator was contacted by email inviting him or
her to participate in the survey. Three reminders were sent out
at one-week intervals. Respondents were also entered into a
raffle for three iPod Shuffles. A summary of the Web survey
details according to the CHERRIES guidelines[42] isprovided
in Multimedia Appendix 3.
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Analysis

The adoption rates are presented descriptively as a proportion
with 95% confidence intervals [43].

The overall logistic regression model significance test is
performed using the G statistic [38], and goodness of fit is

evaluated using the Nagelkerke pseudo-R? [44,45]. This

pseudo-R? tendsto have low val ues compared to what onewould
expect in ordinary least squaresregression models. Collinearity
among the independent variables was assessed using the
condition number [46,47]. In general, acondition number above
30 is considered problematic. Influential observations were
detected using the delta-beta coefficient [48] and investigated.

Results

Description of Trials

In total, there were 947 registered trials with sites in Canada
that were running at some point in time during 2006 and 2007.
This excludesfive trials for which the central coordinating site
was our home institution.

The median target number of participants to recruit was 226;
the median number of sites was 5, and the median percentage
of sites that were Canadian was 100%. The humber of patients
and sites are skewed, with some trials having a much larger
recruitment target: the largest trial had 782 sites and a target
recruitment of 35,000 participants. There were 498/947 trials
(52.6%) funded by academic institutions, government funding
agencies, or foundations (henceforth “ academic” trials), and the
remaining 449/947 trials (47.4%) were funded by industry
(henceforth “industry” trials). Therefore, there was arelatively
equal split of trialsin terms of funding source.

As can be seen in Table 1, industry trids tended to be
approximately three times larger in terms of participant
recruitment, with substantially more overall sites but
proportionally fewer that were Canadian. There were large
multicenter academic studies, with the largest academic study
having 782 sites of which 14 were in Canada, and the largest
industry trial having 757 sites of which 29 were Canadian.

Table 1. Differences between academic and industry trials (two-tailed tests)

Academic (median) Industry (median) P value (Mann-Whitney U Test [49])
Number of participants 130 400 <.001
Total sites 1 39 <.001
Canadian sites 100% 11% <.001

There were 84/947 pediatric-only trials (approximately 9%),
and 863/947 adult triadls (approximately 91%). In this
classification, trials that included adults and youth in their
recruitment criteria were classified as adult since they did not
focus specifically on a pediatric population. Adult trials were
equally likely to be academic asindustry (433 vs430), whereas

http://www.jmir.org/2009/1/e8/

pediatric trials were much more likely to be academic
(chi-square test: P< .001).

As can be seen in Table 2, adult trials tended to be almost one
and ahalf timesaslarge aspediatric trialsin terms of participant
recruitment, with more overall sites but proportionally fewer
that were Canadian.
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Table 2. Differences between adult and pediatric trials (two-tailed tests)
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Adult (median) Pediatric (median) P value (Mann-Whitney U Test [49])
Number of participants 236 141 <.001
Total sites 6 1 .003
Canadian sites 57% 100% .001

Response Rate and Nonresponse

As shown in Figure 1, we were able to get study contact
information for 716/947 trials (75.6% of the total). These are
nodes C, E, and J. C and E represent the 331 trials for which
we were able to obtain Canadian site coordinator contact
information and that were sent the actual survey. These represent
46.2% of contactable trials (331/716).

Figure 1. Responsesto the survey

Trials for which we did not get contact information tended to
be larger industry trials. For some, no contact information was
available at all. For others, we had a sponsor or Pl contact,
whom we followed up with to get Canadian site coordinator
contact information. In Figure 1, D represents the trials for
which there wasinsufficient contact information in theregistry;
for these trials, we tried to get coordinator contact information
by contacting the sponsor or PI (J), or it was not possible to get
sponsor or Pl contact information (K).

A
Registered
Trials
947
B | c |
Trials without Trials with
coordinator contact coordinator contact
information information
825 122
D | E |
Unable to get Able to get F I G H I
coordinator contact coordinator contact
information information Refusal Non-response Response
616 209 3 35 84
J | K
Able to get Unable to get
Sponsor/PI contact Sponsor/Pl contact
information information
385 231
L | M ] N | P Q|

Refusal Refusal

66

Non-response

319 1

Non-response

33

Response

175

Reasons given by sponsorsor Plsfor refusing to provide contact
information (node L in Figure 1) included the following: (1)
therewas aneed to get coordinator consent or local site Research
Ethics Board approva first before giving us the information
because the coordinators would be participating in a research
study, (2) the federa privacy legidation (PIPEDA) bars the
disclosure of the coordinators’ business contact information or
that thiswas confidential (proprietary) information, and (3) the
site coordinators do not have time to participate in a survey or
the contact does not have time to provide us with the
coordinators’ contact information.

In all of our subsequent analyses, weights were used to ensure
that our responding sample adequately represented the
population of Canadian trials[50].

Out of the 331 tria sfor which we obtained coordinator contacts,
72 did not respond (78% response rate to the survey). We
compared those nonrespondents to respondents on the same set
of variables. There was no statistically significant differencein
the response rates for industry and for academic trials by
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chi-square criteria. Neither was there a statistically significant
differencein responserate for adult trialsand for pediatrictrias.
Furthermore, we did not find any significant differences between
survey respondents and nonrespondents on the other three
variables (number of patients, number of sites, and proportion
of Canadian sites) at a Bonferroni adjusted alphalevel of 0.05.

Of the 331 trial coordinators to whom we sent the survey, we
wanted to determine if there was a nonresponse bias in terms
of their adoption of EDC. A common way to evaluate thisisto
compare early versus late respondents, where late respondents
are a proxy for nonrespondents [51]. We found no significant
difference by chi-square criteria.

EDC Adoption Rate

Trials that did not select any of the features were clearly not
EDC system users. There was considerable variation in the
features of the electronic systemsthat the remaining trials used.
System features can be grouped into six cumulative levels of
sophistication (see Table 3): (1) f1, (2) f2 to f4, (3) f5 and 16,
(4) 17, (5) f8, and (6) f9. The grouping of features at levels 2
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and 3 is done because these features almost always occurred
together in EDC systems used by our respondents. We
performed a Guttman scaling on the six levels of EDC
sophistication. The coefficient of reproducibility for the Guttman
scale is 0.901 (P< .001), and the coefficient of scalability is
0.79. Such high coefficients provide evidence that the features
in EDC systems are cumulative according to our six levels, and
therefore the level can be used as a unidimensional score of
EDC sophistication.

El Emamet d

Based on our definition, systems at a sophistication level of 1
would not be considered an EDC system. For example, if a
coordinating center used a password-protected stand-alone
database to manually enter paper CRFs that were sent in by
courier from other sites, then it would have a system at thefirst
level of sophistication.

Therefore, we only considered systems with a sophistication
level of 2 and above asan EDC system. It isestimated that 41%
of all trials (95% Cl 37.5%-44%) are using an EDC system with
a sophistication level of 2 or above.

Table 3. Thegrouping of featuresinto asix-level cumulative scale of EDC sophistication as determined through a Guttman scalogram analysis: higher

levels signify more sophistication

Sophistication Level  Features

1 1.
2 f2.

There is aunique account and password for each user to access the online system.

Subject visit data are entered by sites through a Web interface into electronic case report forms (eCRFS).

f3.  The completion status of each eCRF for each subject can be tracked automatically online; for example, you can see
which visits have complete data and which still have incomplete eCRFs for each subject.

The system provides an audit trail for all data entry and data modification.

Data validation happens automatically when data are entered into the eCRF (either right away or when the user

presses the SUBMIT button), for example, to check for out-of-range values.

The system will automatically log the user off after a period of inactivity.

f4.
3 f5.
f6.
4 7.
interface.
5 f8.
withdrawn subjects over time.
6 f9.

Subjects are randomized automatically, either through an automated telephone response system or through a Web

Subject recruitment can be tracked online for each site; for example, the user can see a graph of recruited and not

The system alows tracking of medication inventory at the sites.

Themost basic EDC systemsin usetoday have Web-based data
entry forms, form completion tracking, and audit trails.
Automated randomization isafeature of relatively sophisticated
EDC systems. Few trials are able to track subject recruitment
over time, and tracking medication inventory is quite
uncommon. The median EDC sophistication level was 4 for
both academic and industry trials. The median EDC
sophistication level for adult trialswas 4, and for pediatric trials
it was 5. This difference was doatistically significant
(Mann-Whitney U two-tailed test, P=.003).

The logistic regression model to predict EDC adoption had a

Nagelkerke R? of 0.22. The dummy variableindicating whether
the trial was industry or academic was statistically significant
(OR = 1.52; one-tailed P=.002), and the size variable was al so
statistically significant (OR = 1.44; one-tailed P<.001). Whether
atrial had pediatric or adult participants was not significant
using atwo-tailed test. This suggeststhat larger trials tended to
be more likely to adopt EDC and that industry trials were also
more likely to adopt EDC. Whether the trial was adult or
pediatric did not make a difference in the adoption of EDC.

Discussion

Summary

Theclinica trials landscape in Canadais evenly split between
academic and industry trials. However, industry trials tended
to be larger with more patients and sites. More than 90% of

http://www.jmir.org/2009/1/e8/

trialswere of adults, and thesetended to belarger than pediatric
trials. Our results revea that the 41% adoption rate of EDC
systemsin Canadian clinical trialsistwice the commonly cited
value. Larger trials and those sponsored by industry are more
likely to use an EDC system. We found that the type of
participants did not have an impact on adoption, but this may
be because the sample was under-powered to detect this effect
given that the distribution of adult/pediatric trials was quite
skewed.

While there is no difference in the level of sophistication of
EDC systems used between academic and industry trials,
pediatric trialstended to have more sophisticated EDC use than
those with predominantly adult participants.

It is not surprising that industry-funded trials included in the
sample were larger than academic ones. Pharmaceutical
companies in Canada invested between $1.1425 billion and
$1.67 billion on R& D in 2003 [52,53], of which between $487.5
million and $668 million was on clinical trials [53,54]. These
numbers exclude stakeholders such as the biotechnology
industry [55] and therefore are expected to be an underestimate.
In comparison, the main academic health research funding body
in Canada, CIHR, spent only $57 million on clinical trials
research during the same period.

To the extent that the need for heavy investmentsininformation
technology (IT) can act asabarrier to use, cost would have been
adeterrent for academically funded trialsto use I T to the same
extent as industry trials during the 2006-2007 period that we
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studied. This concurs with the observation that the median
number of sites for academic trials was one; it may be more
difficult to justify an investment in EDC for single-site trials.
However, recently more EDC systems are adopting the Software
asa Service (SaaS) model, where sites access the EDC through
their Web browser. Such systemsdemand less of an I T capacity
at each site to get started and do not require a large capital
expenditure at the outset of the study to purchase equipment
and software licences. Therefore, over time it is plausible that
the adoption rate for academic trials will catch up to industry
trials.

Despite academic trials having alower adoption rate, there were
no differencesin terms of the sophistication of the EDC systems
that were used by industry-sponsored and academic trials.
Therefore, when academic trials do adopt an EDC system, they
do not opt for systems with fewer features.

Practical Implications

A commonly accepted descriptive model of the diffusion of
innovations is an S-shaped curve, as shown in Figure 2 [56],

Figure 2. The S-shaped diffusion of technology curve

A
Laggards (16%)

Late Majority (34%)

Cumulative Adoption
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which characterizes many technological innovations, irrespective
of thetechnol ogy. For example, one study reviewed the adoption
patterns of a variety of 20th century consumer products (eg,
washing machines, videocassette recorders) and found that they
follow the same adoption curve [57], while Teng and Grover
developed historical diffusion curves for general information
technologies (eg, personal computers, email) [58]. Health care
information technologies, including electronic health records,
order entry systems, and mobile devices, have also been
examined within this diffusion framework [59-63].

To the extent that this model appliesto EDC adoption, we are
currently in the steepest point of adoption among the early
majority of Canadian trials. Consequently, it would be
reasonable to expect increased use of EDC systemsin trialsin
the immediate future. This trend is consistent with other
evidence showing rising adoption of health IT in general, and
specifically, electronic health records [60,64-70], in medical
centers and practices.

Early Majority (34%)

Early Adopters (13.5%)

Innovators (2.5%)

High adoption rates of EDC systems have anumber of practical
and research implications. First, the characteristics of the
adopters change over time and so does the nature of suitable
evidence to inform their adoption decisions[56]. For example,
innovators (the first 2.5% who adopt a new technology) do not
need evidence to make an adoption decision. Early adopters
(the next 13.5%) are satisfied with case studies and examples
of successful adoption and benefits. The early majority require
stronger evidence of benefits. There is therefore a strong

http://www.jmir.org/2009/1/e8/

P
Time |

reguirement for more systematic evaluation of EDC systemsto
quantify the costs and benefits of their use and the contextsin
which benefits do or do not materialize in order to address the
information needs of the early majority.

Second, EDC systems make it much more practical to makethe
frequent design changes that are required in adaptive clinical
trials [71]. One would therefore expect to see a paralel risein
the use of adaptivetrial designs.
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Third, for commercid trias, e ectronic submissionsto regulatory
authoritieswould become more practical with theincreased use
of EDC systems.

Finally, to the extent that EDC improves the data quality and
efficiency of trials, higher EDC adoption would be expected to
enable such benefits to materialize in the future.

In terms of the EDC systems themselves, the median
sophistication level of EDC systems indicates that many trials
are not able to track recruitment in real time. This suggests an
important feature that EDC developers need to make sure is
added to their systems.

Comparison to Previous Work

Our systematic review of the literature (see Multimedia
Appendix 1) indicated that only 20% of clinical trialswereusing
an EDC system. It is useful to explore why this number isvery
different from our results. This large discrepancy can be
explained in five possible ways. First, the 20% adoption was
true afew years ago and adoption has progressed significantly
over theintervening period, reaching the levelswe have reported
here for 2006-2007. Second, the studies providing the 20%
adoption numbers were methodologically weak and therefore
thisnumber isunreliable. Third, previous studiesused adifferent
unit of analysis—many were reporting on the proportion of
pharmaceutical companies and contract research organizations
(CROs) that were using EDC rather than the proportion of trials.
However, the unit of analysis was often not easily discernable
from the published accounts. Fourth, previous studies were not
specific to clinical trials in Canada, as opposed to our current
results. Finaly, previous work did not have a consistent and
precise definition of what an EDC systemis, and thismay have
contributed to different surveys not measuring the same thing
and classifying systems as EDC differently than us.

It is most likely that reality is a mixture of the above five
reasons.

Future Work

It would be of value to track the adoption of EDC over time
using regular surveys similar to the current one. This will

Acknowledgments
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provide evidence asto whether the adoption isactually following
the S-shaped adoption curvein Figure 2 as we have postul ated.

Additional comparisons with the United States and Europe
would be informative. If there are significant regiona
differences in adoption rates, then there may be policy or
structural choices that explain the differential. For example, if
one region has adopted a certain set of policies or incentives,
or has an existing health informaticsinfrastructure that supports
the use of EDC, then other regions may consider duplicating
those drivers to accelerate their EDC adoption rates.

Thereare other factorsthat could have an impact on the adoption
of EDC that would be useful to investigate in future research.
For example, for academically funded trials, onewould consider
the age of the PI, his or her technical skill’knowledge, the
existence of a senior informatics person to provide support,
whether there is an existing research systems infrastructure in
place with programming or database resources available for
investigatorsto use, and whether or not the academic institution
already has a sophisticated EDC system available for use by
any investigators. For industry-funded trial's, one could consider
the size of the organization running the trial (whether it is the
industry sponsor or a CRO), the size of trials usually conducted,
and the number of trials conducted per year in the geographical
region of study (say, Canada or the United States).

Since we have developed an EDC sophistication measure, it
would now be easier to evaluate the rel ationship between EDC
sophistication and the benefits of EDC. One can hypothesize
that more sophisticated EDC use will be associated with greater
benefits, such as faster trial completion and fewer data errors.

Limitations

One limitation of our results is that individuals conducting
clinical trialsmay not have registered their trials[40], suggesting
that someinvestigator-initiated trialsmay not bein theregistries.
If that is indeed the case for trials with sites in Canada, then
unregistered trials may introduce a bias if they differ
systematically in terms of their adoption of EDC technology
and/or size.

Our results are limited to Canada, and the adoption rates may
be different in other jurisdictions.

We wish to thank the reviewers for their valuable feedback on an earlier version of this paper.
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