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arriers to entry for implementing an
Internet-based clinical trial (IBCT;
a.k.a. electronic data capture, or
EDC) were described by Kelly and
Oldham,1 and very early on, it be-
came clear what were the obvious

advantages and potential impact of IBCTs in drug
development. Just a few years later, the emerging
roles of Internet technologies for data collection in
clinical trials and how IBCTs can and should be
effective in collecting clinical data were presented.2
The article predicted the eventual common use of
IBCTs in the pharmaceutical industry. Richardson3

provided specific details on how to plan and exe-
cute an IBCT. Prove4 described in detail how Bayer
AG had set up and executed a remote site monitor-
ing (RSM) program using a customized laptop. 

In a recent survey, 14 pharmaceutical compa-
nies were interviewed to determine the best prac-
tice requirements for clinical data management
and biostatistics.5 Among the key metrics were:
the rate of case report form (CRF) pages entered
and processed, last patient visit to final CRF lock in-
house, number of queries generated, and last
patient-last visit (LPLV) to database lock. Bart6

reported that by using EDC systems, clinical
research costs could be reduced by up to 20% due
to a reduction in queries, overall reduction in the
duration of the clinical trial, and the time to data-
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base lock. Hyde7 described that one of the benefits
of EDC systems is that at the time of data entry,
real-time edit checks can be fired to alert for miss-
ing and inconsistent data. These edit checks save
time and money, and improve the quality of the
data compared to the paper query system. 

General attributes of EDC have been summa-
rized in a series of publications.8-12 Time and
money are saved by eliminating the need to print
and ship CRFs and perform double key entry.
When using EDC, double key entry is eliminated
because the site enters data directly from the
source documents. Because the clinical site per-
sonnel enter the data, there are no illegible fields
and no one needs to interpret abbreviations or
symbols. Costs for query management are also
reduced, as there is a marked reduction in the
number of queries as well as the time it takes to
resolve a query. If a value is out of range, an edit
check will prompt the user to check the value at
the time of data entry. The role of the CRA has
changed with EDC.13 The CRA has taken over
some of the roles of data management and in part
now acts as a quality auditor. 

While it is clear that there are many theoretical
advantages of an IBCT over a paper-based clinical
trial, there is a paucity of data on the efficiencies of:
data entry, in-field monitoring, and in-house form
review prior to database lock. The present case study
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uses data derived from an ongoing IBCT using Target e*CRF®

in order to evaluate efficiencies of data entry, field monitoring,
and in-house data review.

Methods
The data for this case study were derived from an open-label,
randomized, multicenter IBCT for the treatment of prostate
cancer. Approximately 170 patients participated in this multi-

year study. The results represent data collected only during
the first year of the study. The goal of the current analysis is to
evaluate the efficiencies of IBCTs using metrics derived
directly from the IBCT database. 

Four forms were selected for analysis: Visit Date, Demo-
graphics, Concomitant Medications, and Adverse Events. The
roles described below are illustrated and will vary between
companies. The analysis evaluated the following:
1. Number of forms that required no modification after initial

data entry. This metric represents the quality of data entry
by the clinical study site.

2. The time from initial data entry by the clinical study site to the
time data are modified. This metric represents both the time
that data management or the CRA identifies a monitoring
issue and generates a query, as well as how quickly the clin-
ical study site resolves a query.

3. The time from data modification to in-field data review by the
CRA. This metric represents the time between query reso-
lution to the time of final source document review by the

CRA. At final source document review, the form is desig-
nated as “reviewed” by the monitor and the site cannot
enter data without the form being electronically opened by
the CRA. This metric will vary based on the frequency of
monitoring as well as the quality of the monitoring.

4. The time from in-field data review to in-house form review
(form “lock”). This metric represents the time between final
source document review by the CRA and final acceptance
of the form data by the clinical data manager. At this point,
the form is designated as “locked” by the clinical data man-
ager and the site cannot enter data without the form being
electronically opened by the clinical data manager. Once all
forms are locked in-house and all off-line SAS batch valida-
tions have been resolved, the patient record can be locked
by the data manager.

Results
Efficiencies of data entry. Table 1 summarizes the efficiencies
of data entry by the site and efficiencies of in-field monitoring
by the CRA. In terms of efficiencies of data entry, 85.9% of all
forms did not require any data modification. As expected,
Visit Date and Demographics had the fewest changes. The
vast majority of the Visit Date (99.3%) and Demographic (96%)
forms required no data modifications. In contrast, and as
expected, fewer Con Med and Adverse Event forms required
no data modifications (71% and 70.2%, respectively). The dif-
ference in results between the Visit Date and Demographics
forms and the Con Med and Adverse Event forms is that visit
dates and demographic data are static and do not change over
time, while medication and adverse event data often require
updates as new data become available during the course of
the clinical trial. Also, the latter two forms are more complex
and spelling errors are common.

Table 1 also displays the percentage of forms that were
modified within 30, 60, and 90 days of data entry. In gen-
eral, 76%–99.5% of all forms had their final modification

Visit Date Demographics Con Med Adverse Events All
(N = 1903) (N = 173) (N = 1287) (N = 530) (N = 3893)

Time from Initial Entry
to Last Data Modification
None (%) 99.3 96.0 71.0 70.2 85.9
< 30 Days (%) 99.5 96.5 76.6 80.2 89.2
< 60 Days (%) 99.7 97.1 80.2 89.4 91.8
< 90 Days (%) 99.8 98.3 82.9 94.3 93.4

Median (days) 0.0 0.0 0.0 0.0 0.0
Minimum (days) 0 0 0 0 0
Maximum (days) 177 155 386 362 386

Table 1. Cumulative frequency (days) from the date of initial data entry to last form modified by the study site.

IBCT Data Entry Efficiencies

Four forms were analyzed to
evaluate the efficiencies of
IBCTs: Visit Date, Demo-
graphics, Concomitant Meds,
and Adverse Events.
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within 30 days of data entry. Having such a high percentage
of “clean” forms early in the study cycle allows the CRA to
perform source document verification in a very efficient
manner. 

Efficiencies of monitoring. Table 2 summarizes the efficiencies
in data cleaning by measuring the time between final data entry
by the clinical study site and in-field source document verifica-
tion by the CRA. These results will vary based on the frequency
of monitoring as well as the quality of the monitoring.

In terms of efficiencies of monitoring, 10.1% of all forms
were reviewed on the same day the data were modified.
What this means is that immediately after the study coordi-
nator modified data (e.g., in response to a query) the moni-
tor was able to review the form. Simultaneous data modifica-
tion and review occurred 3.7% of the time for Visit Date, 5.4%
for Demographics, 30.1% for Con Med, and 17.4% for
Adverse Events.

In terms of monitoring efficiencies, the percentage of
forms that were reviewed within 30, 60, and 90 days of data
entry are also displayed in Table 2. In general, 69%–83% of all

forms were reviewed by the CRA in the field within 60 days of
data entry or final form modification.

Efficiencies of in-house data reviewers. Rapid source docu-
ment review also allowed for rapid in-house review of the
data (Table 3). The analysis showed that 9.8% of all forms
were reviewed by the in-house data reviewers on the same
day of CRA review. What this means is that immediately after
the CRA verified the source documents, the in-house data
reviewer (clinical data manager) was able to “close” the
form. Simultaneous form review by the CRA and clinical data
manager occurred 9.7% of the time for Visit Date, 3.7% 
for Demographics, 11.8% for Con Med, and 10.4% for
Adverse Events.

Table 3 also displays the percentage of forms that were
reviewed by the clinical data manager within 30, 60, and 90
days of review by the CRA. In general, 88%–97% of all forms
were reviewed by the clinical data manager within 60 days of
form review by the CRA.

This rapid data review also allowed for rapid lock of individ-
ual patient data by data management.

Visit Date Demographics Con Med Adverse Events All
(N = 1792) (N = 166) (N = 529) (N = 230) (N = 2717)

Time from Last Modification
to CRA Review
None (%) 3.7 5.4 30.1 17.4 10.1
< 30 Days (%) 55.5 41.6 55.2 55.7 54.6
< 60 Days (%) 83.3 68.7 71.3 74.4 79.3
< 90 Days (%) 90.1 78.9 80.2 87.0 87.2

Median (days) 27.0 40.0 21.0 25.0 27.0
Minimum (days) 0 0 0 0 0
Maximum (days) 303 303 249 282 303

Table 2. Cumulative frequency (days) from the day the form was last modified to CRA review.

IBCT Data Cleaning Efficiencies

Visit Date Demographics Con Med Adverse Events All
(N = 1750) (N = 162) (N = 474) (N = 202) (N = 2588)

Time from CRA Review
to In-House Form Review
None (%) 9.7 3.7 11.8 10.4 9.8
< 30 Days (%) 73.0 64.8 91.6 87.6 77.0
< 60 Days (%) 89.0 88.3 96.6 93.6 90.7
< 90 Days (%) 96.2 96.3 98.7 96.5 96.7

Median (days) 12.0 17.0 6.0 7.0 10.0
Minimum (days) 0 0 0 0 0
Maximum (days) 146 110 134 105 146

Table 3. Cumulative frequency (days) from the date of CRA review to in-house form review.

IBCT In-House Data Review Efficiencies

 



Discussion
In recent years, with advances in EDC technology and IBCTs,
the pharmaceutical industry has made dramatic advances in
the area of clinical data manage-
ment. By using EDC, data entry
has been streamlined, data
management has become more
efficient, and the quality of the
data has improved.

The current study allows for
the evaluation of some of the
preferred metrics described by
Fitzmartin.5 The data illustrate
that there are clear advantages
of IBCTs in terms of data entry,
source document verification,
and data cleanup and manage-
ment. The types of metrics pre-
sented in this article can pro-
vide a benchmark to evaluate
the operational efficiencies of
IBCTs during long-term stud-
ies. There is little question that
IBCTs can reduce clinical trial
costs and improve quality as
systems mature and meet the
needs of clinical research, data
management, and project man-
agement.

In contrast to an IBCT, when
performing a paper-based clini-
cal trial it is not uncommon for
a CRA to discover that the site
was not properly prepared for
the visit and has not completely
filled out the CRFs. The reason
for this is that the CRA has no
bird’s eye view of the data until he/she actually arrives at the
study site. Only then does the CRA look at the CRF data and
verify that the data entered into the paper CRF match the
data in the patient record (source document). The CRA also
attempts to reconcile missing, out-of-range, and inconsistent
data. As a result, during the monitoring visit the CRA and
study coordinator devote more time to resolving issues
regarding careless transcription errors, out-of-range data,
and missing data than to protocol compliance issues. With
EDC, a lot of these issues are resolved prior to the monitor-
ing visit.

One of the main challenges for an IBCT, as well as for a
paper-based clinical trial, is to get the clinical study site to
enter the data into the CRF in a timely manner. However, once
the data are entered, there are major advantages of IBCTs
over paper-based trials. With a little effort, any delay in

entry/review can be caught up at the end of the trial, enabling
database lock one–two days after the last data are available.
Often, this only depends on the time it takes to complete the

last monitoring visit. This work-
flow is a major improvement
over a paper CRF-based clinical
trial, where it can take months
to perform final data verification
by data management.

The main advantage of an
IBCT is the automatic feedback
system (i.e., online edit
checks), which addresses the
most basic errors at the time of
data entry (e.g., missing, out of
range, and inconsistent data). In
paper CRF-based clinical trials,
this reconciliation occurs well
into the study when data man-
agement runs the validation
checks after double-key data
entry has been completed. In an
IBCT, the CRAs are much more
knowledgeable about the status
of the trial prior to the monitor-
ing visit. From the home office,
the CRA can identify and
instruct the study coordinator
to address missing and  illogical
data, spelling errors, and incor-
rect terminologies/acronyms. If
there are missing or out-of-
range data, the CRA has the
explanation, in electronic for-
mat, prior to the visit. During
the monitoring visit, there is no
need for the CRA to make

inquiries as to why data are missing, out of range, or inconsis-
tent, since these issues have already been resolved via the
edit/logic check and query processes prior to the visit.  The
CRA can also be authorized to “review” the form electroni-
cally to prevent the site from changing data after source docu-
ment verification is completed. This “review” feature further
ensures data integrity.
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