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Abstract
Background  Clinical trials have become larger and more complex. Thus, eSource should be used to enhance efficiency. This 
study aimed to evaluate the impact of the multisite implementation of eSource direct data capture (DDC), which we define 
as eCRFs for direct data entry in this study, on efficiency by analyzing data from a single investigator-initiated clinical trial 
in oncology.
Methods  Operational data associated with the targeted study conducted in Japan was used to analyze time from data occur-
rence to data entry and data finalization, and number of visits to the site and time spent at the site by clinical research associ-
ates (CRAs). Additionally, simulations were performed on the change in hours at the clinical sites during the implementation 
of eSource DDC.
Results  No difference in time from data occurrence to data entry was observed between the DDC and the transcribed data 
fields. However, the DDC fields could be finalized 4 days earlier than the non-DDC fields. Additionally, although no dif-
ference was observed in the number of visits for source data verification (SDV) by CRAs, a comparison among sites that 
introduced eSource DDC and those that did not showed that the time spent at the site for SDV was reduced. Furthermore, 
the simulation results indicated that even a small amount of data to be collected or a small percentage of DDC-capable items 
may lead to greater efficiency when the number of subjects per site is significant.
Conclusions  The implementation of eSource DDC may enhance efficiency depending on the study framework and type and 
number of items to be collected.
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Introduction

In November 2016, the ICH E6(R2) guidelines were 
revised, and the increase in scale, complexity, and cost 
of clinical trials was considered during the revision [1]. 
Getz et al. reported an increase of approximately 52% in 
the number of unique procedures to be followed in Phases 
I–III and an increase of 48% in the cost per patient visit 
in clinical studies conducted in 2011–2015 compared 
with those conducted in 2001–2005 [2]. Thus, the use of 
eSource has been explored as a methodology to achieve 
more efficient clinical trials.

eSource can be classified into several categories based 
on their characteristics. TransCelerate BioPharma Inc.’s 
eSource initiative classified eSource into following four 
categories: case report form (Non-CRF), Devices and 
Apps, electronic health record (EHR), and direct data 
capture (DDC) [3, 4]. DDC using electronic case report 
forms (eCRFs) as source data is one of these four cat-
egories. “eSource DDC” has different definitions in the 
literature. However, in this study, we defined eSource 
DDC as eCRFs for direct data entry. In conventional 
clinical trials, source data are generally kept in medical 
records, worksheets, or trial information entry fields cre-
ated on the electronic health record. Then, the data are 
transcribed into eCRFs. Therefore, creating and managing 
worksheets and transcribing source data to electronic data 
capture (EDC) requires considerable time and effort, and 
this process can lead to missing or incorrect transcription. 
Thus, source data verification (SDV) is conducted to check 
the source data against the eCRFs. Although the concept 
of risk-based approach (RBA), which aims to optimize 
clinical trial quality by considering risks to the subject’s 
safety and data quality and implementing effective moni-
toring strategies, is becoming more widely accepted these 
days, and SDV tends to be risk-based, it is still one of the 
most resource-intensive tasks. eSource DDC is a method 
in which data are first recorded in eCRFs as they occur, 
so the eCRF data become the source data. This has the 
advantage of reducing the need for subsequent data tran-
scription and SDV to verify the transcribed and source 
data, and consequently, the time to data finalization could 
be reduced. Furthermore, the qualification opinion issued 
by the European Medicines Agency in November 2018 
[5] regarding eSource DDC stated that replacing study-
specific data currently recorded on paper worksheets with 
eSource DDC is expected to reduce transcription work and 
improve data quality.

However, cases of eSource DDC implementation are 
still few in Japan. A survey conducted by the Japan Phar-
maceutical Manufacturers Association among 50 Japanese 
pharmaceutical companies in September 2022 [6] revealed 

that only 9 out of the 50 companies have implemented 
eSource DDC. Looking at the characteristics of the 11 
trials conducted by the 9 companies, 6 trials (55%) were 
healthy adult studies. Additionally, 33 out of 50 companies 
in the same survey answered that they have no specific 
plans to use eSource DDC; moreover, the most common 
reason for not implementing eSource DDC was “waiting 
for the industry to accumulate more case studies” (23/33 
companies, 70%). Specifically, in case of patient trials, 
types of data collected and scale of participating sites 
may differ depending on the disease area; furthermore, the 
introduction of eSource DDC may have different effects 
on the time to access data and the hours needed for moni-
toring and operation of sites. However, no studies have 
quantitatively summarized the effect of eSource DDC 
on the time and hours of patient trials that have actually 
implemented eSource DDC.

Thus, this study aimed to evaluate the impact of the mul-
tisite implementation of eSource DDC on efficiency by ana-
lyzing data from a single investigator-initiated clinical trial 
in oncology conducted between 2014 and 2022.

Materials and Methods

Data Sources and Data Acquisition Methods

Operational data associated with a single, Phase II, mul-
ticenter, investigator-initiated clinical trial conducted in 
Japan was used for this analysis. Table 1 shows the source 
clinical trial of our eSource DDC research. The target ther-
apeutic area was cancer, and the participating sites were 
either university hospitals or cancer-specialized hospitals, 
which had more than 100 beds and multiple departments. In 
general, clinical trials in which eSource DDC can be more 
easily implemented are characterized as Phase I trials in 
healthy adults, where there is less need to input informa-
tion into medical records or share information with other 

Table 1   Overview of the clinical trial that implemented eSource 
DDC

a Number of subjects includes screening failure
b Five sites implemented DDC, and one site conducted the trial using 
conventional methods of the six participating sites

Country Japan

Disease area Oncology
Phase II
Primary endpoint Recurrence-free survival time
Number of subjectsa 129
Observational period 100 weeks (57 visits)
Number of sitesb 6
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departments. Additionally, Phase II or later trials are consid-
ered suitable when the participating sites are small clinics or 
hospitals with a single department, making it easier to share 
information within the hospital. Current ICH-E6 states that 
the protocol and other referenced documents should include 
“The identification of any data to be recorded directly on 
the CRFs (i.e., no prior written or electronic record of 
data), and to be considered to be source data” [1]. In the 
investigator-initiated clinical trials covered herein, each site 
created a source data identification list (SDIL) to identify 
the source data to be entered into the EDC for each eCRF 
item. The data used included raw data output from EDC, 
database structure specifications (DSS), SDIL, audit trails 
output from EDC, and monitoring reports. The information 
necessary to perform the analysis was extracted from these 
data. As described above, because this trial was conducted 
by entering source data directly into the EDC, the audit trail 
of the EDC includes the audit trail of the source data. This 
study was reviewed and approved by the Ethics Committee 
of Tohoku University Graduate School of Medicine.

Varying Collection Items to be Source Data at Each 
Site

The SDIL defines the fields where the eCRF is the source 
data (DDC) and those with other source data (non-DDC). 
In non-DDC, work hours are required to create the source 
documents and transcribe them to the EDC. Additionally, 
SDV is important for checking the consistency of these data. 
Therefore, all fields defined in the DSS were classified as 
DDC, Non-DDC and DDC/Non-DDC based on the SIDL 
definition by site. Audit trails were used to identify the dis-
tribution of the person who had initially entered each eCRF 
item into EDC.

Time from Data Occurrence to Data Entry 
and Finalization

The date of data occurrence was identified for each field. 
For example, for the field related to weight measurement, 
the date of data occurrence was set to the date of weight 
measurement. The number of days from initial data entry to 
data finalization was calculated from the audit trails. Data 
finalization was defined as the date on which the freeze flag 
was applied to the final data. If the data had been modified 
after the freeze flag was applied, it was defined as the date on 
which the last freeze flag was applied The use of the freeze 
flag varies according to the operational policy of each clini-
cal trial; however, in this trial, the freeze flag was applied 

by clinical research associates (CRAs) after the completion 
of data review by both the CRAs and data managers (DMs).

Number of Visits to the Site and Time Spent 
at the Site by CRAs

The number of times the CRAs visited each site and the time 
at which the work began and ended were extracted from the 
monitoring reports. Visits were counted if the visit purpose 
included the SDV of subject data. Because the EDC data 
included subjects with screening failures, the number of site 
visits and the work time at sites by CRAs were calculated 
per site per subject’s visit.

Simulation on the Impact of Change in the Clinical 
Trial Scale and the Percentages of DDC Fields on Site 
Work Hours

Kellar et al. demonstrated that challenges in implementing 
eSource DDC include the time required to initiate the trial 
and the associated costs. Additionally, site training and site 
resistance are also recognized as potential obstacles [4]. 
It is crucial to anticipate changes in site effort in advance. 
However, the data collected in this trial did not allow us to 
examine the hours required at clinical sites. Therefore, we 
conducted a simulation to assess the impact of changes in 
the clinical trial scale and the proportion of eSource DDC 
fields on site work hours, based on the study by Eisenstein 
et al. [7].

In the simulation, we assumed various combinations for 
the total number of data fields, the percentage of those that 
can be DDC, and the number of subjects. In addition to these 
conditions, we set the data entry speed and the additional 
time needed to set up the eSource DDC, compared with the 
time necessary for traditional study (i.e., entering source data 
into the medical record or paper worksheet and transcribing 
the data to the EDC), as fixed values under hypothetical 
conditions. Regarding the data entry speed, we assumed that 
134 fields could be entered per hour, using the same values 
as in the study by Eisenstein et al. For a simplified simula-
tion, the time required for data correction by issuing a query 
is not considered in this simulation. When considering the 
additional time required for implementing eSource DDC, 
it was assumed that two physicians and two CRCs would 
be assigned to the project. A total of 44 h was allocated for 
training, creating source data identification lists, conducting 
site user acceptance testing, and confirming the worksheet 
items to be implemented in the EDC (Table 2). These are 
hypothetical figures and may vary based on factors like the 
number of personnel assigned and the site’s prior experi-
ence with eSource DDC. Under these assumptions, X is the 
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number of subjects, whereas Y is the number of hours (h) at 
the site. The hours Y for eSource DDC was calculated as fol-
lows: {( (number of total fields−number of DDC−capable fields)

134
+

number of total fields

134
)

×number of subjects} + 44 , while that for the traditional 
method was calculated as ( number of total fields

134
+

number of total fields

134
)

∗ number of subjects . The first half of the brackets repre-
sent the time required to enter the source data outside the 
EDC and assume that 134 fields can be entered per hour. 
The second half of the brackets represents the time to enter 
data into the EDC.

The simulation was conducted in two steps. The first step 
involved fitting the number of data fields and the percentage 
of DDC-capable fields to match those in the actual clinical 
trial. These values were determined based on the results of 
“valuing collection items to be source data at each site” as 
outlined in this study. In the second step, we established 
eight different patterns for Simulation Sites 1–9 by varying 
the combinations of the number of data fields and the per-
centages of DDC fields. Cutoff values were determined for 
the number of subjects. That is, the threshold at which the 
time spent on the trial with eSource DDC was less than that 
with the traditional method was examined.

Results

Varying Collection Items to be Source Data at Each 
Site

Table 3 shows the distribution of the eCRF fields as defined 
in the SDIL. The percentage of fields with DDC was 
61.9–84.5%, indicating variations across sites, excluding sites 

that did not implement eSource DDC. The total number of 
fields varied for each site due to its implementation in the 
EDC of operational data tailored to the operations of each site 
in this trial. Table 4 shows the percentage of initial entrants 
for the forms defined as DDC at all sites. Almost 100% of the 
initial entrants were clinical research coordinators (CRCs). 
Conversely, no trend could be seen from the initial entrants 
for the items defined as non-DDC common to each site.

Time from Data Occurrence to Data Entry 
and Finalization at Each Site

Figures 1 and 2 show the number of days from data occur-
rence to initial entry and from data occurrence to finalization, 
respectively. In this analysis, the median value was referred 
to as the representative value due to the non-normal distribu-
tion. No difference in time from data occurrence to data entry 
was observed between the DDC field and the transcribed data 
field (Table 5). The median values indicate that the data were 
entered in both cases on the same day of data occurrence. 
Regarding the number of days from data occurrence to data 
finalization, the DDC fields could be finalized 4 days earlier 
than the non-DDC fields, with a median of 24 days for the 
DDC fields and 28 days for the non-DDC fields.

Number of Visits to the Site and Time Spent 
at the Site by CRAs

Table 6 shows the site information and the results of the 
analysis. The number of site visits by CRAs per subject 
per visit was 0.14 for sites with DDC and 0.14 for those 
with non-DDC, showing no difference. The total time spent 

Table 2   Additional resources 
associated with eSource DDC 
implementation compared with 
the traditional method

a Preparation for eSource implementation includes creating the source data identification list and UAT​

Investigator (for 2 per-
sons) (h)

CRC (for 2 
persons) (h)

General education on eSource DDC implementation 5 5
Preparation for eSource DDC implementationa 2 20
Consideration of operational data as eSource 2 10
Total number of preparation resources 9 35

Table 3   Percentages of DDC field and non-DDC field at each site

DDC number of fields where EDC data served as source data, Non-DDC number of fields where source data, other than EDC, were present, 
DDC/non-DDC number of fields defined as possible for both DDC and non-DDC

Site A Site B Site C Site D Site E Site F

DDC (%) 4033 (81.6) 2911 (61.9) – 4036 (84.5) 3813 (79.8) 3204 (67.0)
Non-DDC (%) 906 (18.6) 1795 (38.1) 3735 (100) 731 (15.3) 966 (20.2) 1569 (32.8)
DDC/non-DDC (%) – – – 12 (0.2) – 10 (0.3)
Overall number of fields (%) 4939 (100) 4706 (100) 3735 (100) 4779 (100) 4779 (100) 4783 (100)
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by CRAs on site visits was 43 min at sites with DDC and 
52 min at sites with non-DDC, with a difference of 9 min 
per subject per visit.

Simulation on the Impact of Change in the Clinical 
Trial Scale and Percentages of DDC Fields on Site 
Work Hours

Table 7 displays the simulation conditions and results for this 
actual trial. The number of fields and DDC-capable fields 

were derived from the data presented in Table 3. Under these 
conditions, the thresholds for the minimum number of sub-
jects required to make the overall hours with eSource DDC 
lower than those for a clinical trial conducted using the tra-
ditional method are illustrated in Fig. 3. The results indicate 
that the threshold was two subjects for all sites except Site 
C, which did not implement eSource DDC. Additionally, 
regarding the percentage of DDC-capable fields, we also 
simulated the percentage of fields on the form commonly 
defined as DDC in SDIL for all sites as DDC-capable fields, 

Table 4   List of forms that are 
“DDC” common to all sites 
and the percentage of roles of 
the person who initially entered 
data into the EDC

CRC​ clinical research coordinator; for all data entered by the CRCs, the principal investigators verified 
them and digitally signed them

Form name Role of initial entrant (%)

Checklist of tasks for each visit Investigator (0.01)
CRC (99.9)

Checklist for CRC (information about medication and adverse events) Investigator (0.00)
CRC (100.0)

Test performance record (screening test) Investigator (0.00)
CRC (100.0)

Test performance record (imaging test for tumor assessment) Investigator (0.01)
CRC (99.9)

Eligibility Investigator (0.00)
CRC (100.0)

Registration Investigator (0.00)
CRC (100.0)

Test performance record (vital sign) Investigator (0.00)
CRC (100.0)

Test performance record (laboratory test) Investigator (0.00)
CRC (100.0)

Test performance record (biomarker) Investigator (0.00)
CRC (100.0)

Test performance record (ECG) Investigator (0.00)
CRC (100.0)

Fig. 1   Percentage of days from data occurrence to initial data entry
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as shown in Table 4. Under these conditions, the thresholds 
were four subjects for Sites A, D, E, and F; five for Site 
B; and 13 for Site C (Fig. 4). Table 8 outlines the simula-
tion conditions. Number of total data fields was set to 4000, 
2000, and 1000, and the percentage of DDC fields to 30%, 
20%, and 10%, respectively, and for a total of 9 patterns 
of condition combinations, assuming a smaller number of 
total data fields or an even smaller percentage of total data 
fields than those in the present trial. Figure 5 illustrates the 
thresholds when the number of overall fields and percent-
ages of DDC items differ. The results demonstrate that the 
more DDC fields there were, the lower the minimum number 
of subjects that naturally became the threshold.

Fig. 2   Percentage of days from data occurrence to data finalization

Table 5   Number of days 
from data occurrence to data 
finalization

IQR interquartile range

DDC Non-DDC

From data occurrence to initial data entry Number of total fields entered 58,288 54,081
Median (IQR) (days) 0 (0–0) 0 (0–1)

From initial data entry to data finalization Number of total fields entered 58,288 54,081
Median (IQR) (days) 22 (9–49) 27 (14–62)

From data occurrence to data finalization Number of total fields entered 58,288 54,081
Median (IQR) (days) 24 (11–55) 28 (16–64)

Table 6   Number of site visits by CRAs and the time spent working at 
sites (per subject per visit)

Number of sites and subjects in each group: Sites implemented DDC 
(5 sites, 113 subjects), Sites implemented non-DDC (1 site, 16 sub-
jects). Number of total visits of subjects in each group: Sites imple-
mented DDC (2259 visits), Sites implemented non-DDC (312 visits)
CRA​ clinical research associate

Sites implemented 
DDC

Sites imple-
mented non-

DDC

No. of CRA visits to sites 
per a subject’s visit (times)

0.14 0.14

Time CRA spent at site per 
a subject’s visit (min)

43 52

Table 7   Simulation conditions 
for sites A–F

a Table 4 shows the forms defined as DDC at all sites

Site A Site B Site C Site D Site E Site F

No. of data fields 4939 4706 3735 4779 4779 4783
% of data fields for DDC 81.7 61.9 0 84.5 79.8 67.0
% of the total number of fields 

included in the form in Table 4a
33.5 30.2 12.6 31.3 31.3 31.3

No. of subjects 15 64 16 14 10 10
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Fig. 3   Simulation results for Sites A to F under the conditions listed 
in Table  3. X = number of subjects, Y = work hours, solid line: 
eSource DDC, broken line: traditional method. Thresholds: The min-
imum number of subjects for which the overall hours with eSource 
DDC are less than those for a clinical trial conducted using the tradi-

tional. Table 3 shows the distribution of the eCRF fields as defined in 
the SDIL. The number of fields included in the form defined as DDC 
in SIDL was used as the condition for this simulation as the number 
of DDC fields

Fig. 4   Simulation results for Sites A to F under the conditions listed 
in Table  4. X = number of subjects, Y = work hours, solid line: 
eSource DDC, broken line: traditional method. Thresholds: The min-
imum number of subjects for which the overall hours with eSource 
DDC are less than those for a clinical trial conducted using the tradi-

tional. Table 4 shows the percentage of initial entrants for the forms 
defined as DDC at all sites. The number of fields included in the form 
defined as DDC common to all facilities in Table 4 was used as the 
condition for this simulation as the number of DDC fields
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Discussion

Variations were observed among the sites participating in 
this trial for items for which EDC was the source data. These 
variations may be due to the fact that each site has differ-
ent rules for operating medical records, and the examina-
tion sequence process is different. These are the factors that 
are difficult to change on a trial-by-trial basis. Therefore, it 
is necessary to acknowledge these differences as facts and 
plan for a reasonable operation that places less burden on 
the site when implementing eSource DDC. The results also 
suggested that the percentage of items that can be initially 

entered by the CRCs is an indicator of the efficiency predic-
tion of implementing eSource DDC because if the CRCs can 
enter data into the EDC and use it as source data, the amount 
of transcription work will be reduced. Many of the items that 
investigators directly record require medical decisions based 
on multiple observations. Additionally, in many cases, it is 
necessary to react based on the situation. Therefore, it may 
be appropriate to plan the clinical trial on the assumption 
that those items are difficult to be DDCs.

The time from data occurrence to initial data entry is 
mainly the result of site operations. In contrast, the time 
from initial data entry to finalization results from operations, 

Table 8   Simulation conditions 
for simulation sites 1–9

Simulation condition

Simulation site No. of data fields
No. of data fields 

for DDC
Percentage of data 
fields for DDC (%)

1 4000 1200 30.0
2 4000 800 20.0
3 4000 400 10.0
4 2000 600 30.0
5 2000 400 20.0
6 2000 200 10.0
7 1000 300 30.0
8 1000 200 20.0
9 1000 100 10.0

Fig. 5   Simulation results for Sites 1–9. X = number of subjects, 
Y = work hours, solid line: eSource DDC, broken line: traditional 
method. Thresholds: The minimum number of subjects for which the 

overall hours with eSource DDC are less than those for a clinical trial 
conducted using the traditional
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including SDV and data review by CRAs and DMs, in addi-
tion to site operations. Regarding the percentage of initial 
data entry on the day of data occurrence, 76% of DDC items 
and 72% of non-DDC items were entered on the same day 
of data occurrence, with a median of 0 days for both groups 
(Fig. 1). This suggests that non-DDC items; that is, data 
transcribed from source data recorded on other media, were 
also entered into the EDC in a timely manner. Thus, no dif-
ference was observed between the two groups. Figure 6 
shows the distribution of the median number of days from 
data occurrence to initial data entry for each form. Only a 
few forms, such as “Tumor Assessment,” “AE Evaluation of 
Laboratory Test Result,” “Concomitant Medications,” and 
“Adverse Events,” took significantly longer to be initially 
entered for the DDC items. These forms were also prominent 
for non-DDC items. The median time from initial entry to 
data finalization for DDC and non-DDC items was 22 and 
27 days, respectively (Table 5). This indicates that DDC 
items were finalized five days earlier than non-DDC items 
after the initial data entry. This may be because DDC items 
had fewer SDVs required. Furthermore, according to DMs, 
implementing eSource DDC allowed DMs to review some 
of the operational data on the EDC and infer the operation of 
the site, thus avoiding unnecessary queries, such as a query 
to verify just to be sure of the data, which may have reduced 
each role’s query effort.

The study results indicate that the time from data occur-
rence to data finalization was shortened by a median of 
4 days. When considering this period in two parts—data 

occurrence to initial data entry and initial data entry to data 
finalization—the findings indicate that the implementation 
of eSource DDC may have a more significant impact on 
operations following the initial data entry than on the time 
from data occurrence to the initial data entry. The interpre-
tation of this 4-day difference depends on the development 
strategy and other factors.

No difference in the number of visits by CRAs to sites 
was observed between DDC and non-DDC sites. The time 
spent by CRAs was 43 min per visit at sites with DDC and 
52 min per visit at sites with non-DDC, with a difference of 
9 min per subject per visit. This trial’s total number of visits 
was 57 if all trial procedures were completed. This means 
that the CRA time spent at the site was reduced by 8.6 h 
per subject. One reason for the reduced time spent may be 
that the items to be confirmed during the site visit could be 
identified beforehand.

This simulation served as a supplementary analysis to 
assess the impact of implementing eSource DDC on site 
work hours. When applying the results obtained from the 
SDIL of this clinical trial to the simulation conditions of the 
actual sites, we found that the threshold number of subjects 
for which eSource DDC required less time than the tradi-
tional method was 2 for all sites except Site C. However, as 
mentioned above, some fields defined as DDC in the SDIL 
still required data entry into medical records. Consequently, 
the percentage of DDC fields might be smaller than that 
defined in the SDIL. To account for this variation, we cal-
culated the percentage of fields commonly defined as DDC 

Fig. 6   Median of days from data occurrence to initial data entry by forms. Median = 0 for all forms expect the above
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for all sites in Table 4 and simulated scenarios with limited 
percentages of DDC fields. The results ranged from 4 to 
13 subjects, representing those who completed all 57 visits. 
When considering the number of subjects who completed 57 
visits at each site, as shown in Table 7, it is possible that the 
implementation of eSource DDC did not reduce work hours 
for Site E and Site F. The results from Simulation Sites 1–8, 
which represent entirely hypothetical conditions, reveal an 
inverse relationship between the number of DDC-capable 
fields and threshold subjects. These findings indicate that 
even a small amount of data to be collected and a limited 
percentage of DDC-capable items may lead to greater effi-
ciency when the number of subjects per site is large.

Thus, to the best our knowledge, this is the first study to 
quantify the effect on time and work hours in a multicenter 
study of patients with eSource DDC. Moreover, this study 
was based on a single trial, and there was only one site with 
non-DDC, which was analyzed to compare the number of 
site visits and time spent by monitors. Additionally, there is 
a limitation in terms of generalizability because the study 
was designed in 2019, the targeted clinical trial began in 
2014, and more information needed to be collected on the 
background information required to extrapolate the results. 
However, many organizations are “waiting for the industry to 
accumulate more case studies” as a reason why they have no 
specific plans to introduce eSource DDC [6], and we believe 
that this study can encourage further research by introducing 
our case study to promote the introduction of eSource DDC 
into appropriate clinical trials. Moreover, the source clinical 
trial was initiated in 2014, when the concept and precedent 
of eSource DDC was still even less common than it is today. 
Therefore, it is undeniable that there could have been a more 
efficient way to implement eSource DDC and perhaps result-
ing in less homogeneity of eSource DDC across the study 
sites. However, even under such circumstances, work hours 
required for monitoring and simulation showed that the site 
reduced its work hours. We are not suggesting that eSource 
DDC should be implemented in all clinical studies. The most 
important thing is the ability to collect data to achieve the 
study objectives while ensuring the safety of the subjects. 
However, eSource DDC can be partially implemented and 
may lead to greater efficiency even if only some of the items 
are DDC as simulated.

Limitations

The result was based on a single study with 6 sites, and 
there is a limitation in generalizability. Thus, we believe that 
a cluster-randomized study in which sites are randomized 
to DDC and non-DDC would allow for a more non-biased 
analysis. Although some EDC data were defined in advance 
as source data in the SDIL, some data were transcribed after 

other source data were recorded, and the analysis results 
could not take these into account. Additionally, the EDC 
setup and off-site monitoring have yet to be considered in 
this result. Thus, careful consideration should be given to 
determine whether the implementation of DDC will improve 
efficiency throughout the entire clinical trial. Moreover, this 
trial was initiated in 2014, i.e., prior to the revision of ICH 
E6(R2); consequently, the operation was not considered 
from the perspective of RBA. Higher efficiency could have 
been anticipated if it had been combined with RBA. Further 
research is required to investigate this assumption. Addition-
ally, multiple trial data with actual site’s work hours using 
this algorithm are needed to perform validation of the algo-
rithm used in this study.

Conclusions

This study proposed a case in which eSource DDC was 
implemented in a late-phase, multicenter, investigator-initi-
ated clinical trial in oncology, which is considered difficult 
to implement in Japan. The implementation of eSource DDC 
may enhance efficiency, depending on the study framework 
and the type and number of items to be collected.

Acknowledgements 
Authors are grateful to Daisuke Takagi, Eri Yasunaga, Hiroshi Fukuju, 
Kana Yamashita, Kasumi Ishii, Masakatsu Kuwano, and Shoko Sugaya 
for their willingness and cooperation in responding to our interview in 
writing this manuscript. Furthermore, the authors would like to thank 
Enago (www.​enago.​jp) for the English language review. Finally, we 
would like to acknowledge the support of all those involved in this 
clinical trial and are grateful for their contributions.

Funding 
No financial support for the research, authorship, and/or publication of 
this article was declared.

Data availability 
The datasets analyzed during the current study are available from the 
corresponding author on reasonable request.

Declarations 

Conflict of interest 
MT received grants from MSD, AstraZeneca KK, Bristol–Myers 
Squibb KK, Ono Pharmaceutical Co., LTD, Eli Lilly Japan, Novartis, 
and MiRXES; and honoraria for lectures from Johnson & Johnson 
Japan, Medtronic Japan, AstraZeneca KK, Eli Lilly Japan, Chugai 
Pharmaceutical Co., LTD, Taiho Pharma, Bristol–Myers Squibb KK, 
Ono Pharmaceutical Co., LTD, Novalis, MSD, and Daiichi-Sankyo; is a 
board member of Data Safety Monitoring Board of Chugai Pharmaceu-
tical Co., LTD; is a board member of Advisory Board of AstraZeneca 

http://www.enago.jp


1041Therapeutic Innovation & Regulatory Science (2024) 58:1031–1041	

1 3

KK, MSD, Novartis, MiRXES; and is a board of directors of Japan 
Lung Cancer Society. FN participated on a Data Saety Monitoring 
Board or Advisory Board of Yakult and is a board member of Ethical 
Review Board, DeNA Life Science. TY reports grants from AC Medi-
cal Inc., A2 Healthcare Corporation, ClinChoice, Japan Tobacco Inc., 
Japan Media Corporation, Medidata Solutions, Inc., Ono Pharmaceuti-
cal Co., Ltd., Kyowa Kirin Co., Ltd., Tsumura & Co., Daiichi-Sankyo 
Company, Limited., Otsuka Pharmaceutical Co., Ltd., Eisai Co., Ltd., 
Solasia Pharma KK, Asahi Intecc Co., Ltd., 3H Clinical Trial Inc., 
Medrio, Inc., Nipro Corporation, Intellim Corporation, Welby Inc., 3H 
Medi Solution Inc., Baseconnect Inc., Nobori Ltd., Puravida Technolo-
gies Llc., Hemp Kitchen Inc.; and consulting fees from Public Health 
Research Foundation, EPS Corporation, Japan Tobacco Inc., Medidata 
Solutions, Inc., Ono Pharmaceutical Co., Ltd., Kowa Company, Ltd., 
Chugai Pharmaceutical Co., Ltd., Daiichi-Sankyo Company, Limited., 
Eisai Co., Ltd., 3H Clinical Trial Inc., Intellim Corporation, AstraZen-
eca, Sonire Therapeutics Inc., Seikagaku Corporation, Merck & Co., 
Inc., Mebix, Inc., Nippon Boehringer Ingelheim Co., Ltd.; and is a 
board member of Incyte Biosciences Japan. The other authors declare 
that they have no conflicts of interest to disclose.

Open Access
 This article is licensed under a Creative Commons Attribution 4.0 
International License, which permits use, sharing, adaptation, dis-
tribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 International Council for Harmonization. Integrated addendum to 
ICH E6(R1): guideline for good clinical practice E6(R2). 2016. 
https://​datab​ase.​ich.​org/​sites/​defau​lt/​files/​E6_​R2_​Adden​dum.​pdf. 
Accessed Sept 2023.

	 2.	 Getz KA, Campo RA. New benchmarks characterizing growth in 
protocol design complexity. Ther Innov Regul Sci. 2018;52:22–8. 
https://​doi.​org/​10.​1177/​21684​79017​713039.

	 3.	 Kellar E, Bornstein SM, Caban A, et al. Optimizing the use of 
electronic data sources in clinical trials: the landscape, part 1. 
Ther Innov Regul Sci. 2016;50:682–96. https://​doi.​org/​10.​1177/​
21684​79016​670689.

	 4.	 Kellar E, Bornstein S, Caban A, et al. Optimizing the use of elec-
tronic data sources in clinical trials: the technology landscape. 
Ther Innov Regul Sci. 2017;51:551–67. https://​doi.​org/​10.​1177/​
21684​79017​718875.

	 5.	 European Medicines Agency. Qualification opinion on eSource 
direct data capture (DDC). https://​www.​ema.​europa.​eu/​docum​
ents/​regul​atory-​proce​dural-​guide​line/​quali​ficat​ion-​opini​on-​esour​
ce-​direct-​data-​captu​re-​ddc_​en.​pdf. Accessed Sept 2023.

	 6.	 Japan Pharmaceutical Manufacturers Association. Current sta-
tus and challenges of DDC/EHR data linkage [Translated from 
Japanese]. https://​www.​jpma.​or.​jp/​infor​mation/​evalu​ation/​resul​ts/​
allot​ment/​gbksp​a0000​001j8j-​att/​DS_​202208_​DDC_​EHR_b.​pdf. 
Accessed Sept 2023.

	 7.	 Eisenstein EL, Garza MY, Rocca M, Gordon GS, Zozus M. 
eSource-enabled vs. traditional clinical trial data collection meth-
ods: a site-level economic analysis. Stud Health Technol Inform. 
2020;270:961–5. https://​doi.​org/​10.​3233/​SHTI2​00304.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
https://database.ich.org/sites/default/files/E6_R2_Addendum.pdf
https://doi.org/10.1177/2168479017713039
https://doi.org/10.1177/2168479016670689
https://doi.org/10.1177/2168479016670689
https://doi.org/10.1177/2168479017718875
https://doi.org/10.1177/2168479017718875
https://www.ema.europa.eu/documents/regulatory-procedural-guideline/qualification-opinion-esource-direct-data-capture-ddc_en.pdf
https://www.ema.europa.eu/documents/regulatory-procedural-guideline/qualification-opinion-esource-direct-data-capture-ddc_en.pdf
https://www.ema.europa.eu/documents/regulatory-procedural-guideline/qualification-opinion-esource-direct-data-capture-ddc_en.pdf
https://www.jpma.or.jp/information/evaluation/results/allotment/gbkspa0000001j8j-att/DS_202208_DDC_EHR_b.pdf
https://www.jpma.or.jp/information/evaluation/results/allotment/gbkspa0000001j8j-att/DS_202208_DDC_EHR_b.pdf
https://doi.org/10.3233/SHTI200304

	Efficiency of eSource Direct Data Capture in Investigator-Initiated Clinical Trials in Oncology
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and Methods
	Data Sources and Data Acquisition Methods
	Varying Collection Items to be Source Data at Each Site
	Time from Data Occurrence to Data Entry and Finalization
	Number of Visits to the Site and Time Spent at the Site by CRAs
	Simulation on the Impact of Change in the Clinical Trial Scale and the Percentages of DDC Fields on Site Work Hours

	Results
	Varying Collection Items to be Source Data at Each Site
	Time from Data Occurrence to Data Entry and Finalization at Each Site
	Number of Visits to the Site and Time Spent at the Site by CRAs
	Simulation on the Impact of Change in the Clinical Trial Scale and Percentages of DDC Fields on Site Work Hours

	Discussion
	Limitations
	Conclusions
	Acknowledgements 
	References




