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Abstract

Background: An eSource generally includes the direct capture, collection, and storage of electronic data to simplify clinical
research. It can improve data quality and patient safety and reduce clinical trial costs. There has been some eSource-related
research progress in relatively large projects. However, most of these studies focused on technical explorations to improve
interoperability among systems to reuse retrospective data for research. Few studies have explored source data collection and
quality control during prospective data collection from a methodological perspective.

Objective: This study aimed to design aclinical source data collection method that is suitable for real-world studies and meets
the data quality standards for clinical research and to improve efficiency when writing electronic medical records (EMRS).

Methods: On the basis of our group’s previous research experience, TransCelerate BioPharm Inc eSource logical architecture,
and relevant regul ations and guidelines, we designed a source data coll ection method and invited relevant stakehol dersto optimize
it. On the basis of this method, we proposed the eSource record (ESR) system as a solution and invited experts with different
roles in the contract research organization company to discuss and design a flowchart for data connection between the ESR and
electronic data capture (EDC).

Results:  The ESR method included 5 steps: research project preparation, initial survey collection, in-hospital medical record
writing, out-of-hospital follow-up, and electronic case report form (eCRF) traceability. The data connection between the ESR
and EDC covered the clinical research process from creating the eCRF to collecting data for the analysis. The intelligent data
acquisition function of the ESR will automatically complete the empty eCRF to create an eCRF with values. When the clinical
research associate and data manager conduct data verification, they can query the certified copy database through interface
traceability and send data queries. The data queries are transmitted to the ESR through the EDC interface. The EDC and EMR
systems interoperate through the ESR. The EMR and EDC systems transmit data to the ESR system through the data standards
of the Health Level Seven Clinical Document Architecture and the Clinical Data Interchange Standards Consortium operational
data model, respectively. When the implemented data standards for a given system are not consistent, the ESR will approach the
problem by first automating mappings between standards and then handling extensions or corrections to a given data format
through human evaluation.

Conclusions: The source data collection method proposed in this study will help to realize eSource’s new strategy. The ESR
solution is standardized and sustainable. It aims to ensure that research data meet the attributable, legible, contemporaneous,
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original, accurate, complete, consistent, enduring, and available standards for clinical research data quality and to provide a new

model for prospective data collection in real-world studies.

(JMIR Res Protoc 2022;11(12):e42754) doi: 10.2196/42754
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Introduction

Background

Real-world data (RWD) are the data relating to patient health
status and delivery of health care routinely collected from a
variety of sources [1]. Real-world evidence (RWE) is clinical
evidence regarding the use and potential benefits or risks of a
medical product derived from analysisof RWD [1]. A rea-world
study (RWS) collects RWD in a real-world environment and
obtains RWE of the use value and potential benefits or risks of
medica productsthrough analysis. Thereisconsiderableinterest
in the use of RWD to generate RWE to support regulatory
decisions regarding the effectiveness of medicines. However,
large data sets of uncertain quality and origin, lack of readily
available anaytical tools, and lack of sufficiently
methodol ogically proficient researchers can lead to flawed study
designs and analyses that yield incorrect or unreliable
conclusions [1]. Although important advances are being made
in the field of methodol ogies to access RWD, these factors are
not sufficient to fully overcome the fundamental issues of
confounding, dataquality, and bias[1]. The US Food and Drug
Administration (FDA) states that gaps in RWD sources need
to be addressed first, as electronic health record (EHR) and
medical claims data may not capture all the data elements
needed to answer questions of interest [2]. Another important
challenge is the difficulty in connecting or integrating the
various data sources that provide information about individual
patients[3]. Thereview by Grimberg et al [4] outlinesthe RWD
challenge radar and summarizes the challenges and risks of
using RWD from 3 perspectives (organizational, technological,
and people-based), for example, inefficient data collection, lack
of data quality control, diversification of data standards, and
facing data compliance issues [4].

In clinical studies, source datarefer to al theinformationin the
origina records or their certified copies, including clinical
findings, observation results, and records of other relevant
activity that are necessary for the reconstruction and evaluation
of thetria [5]. eSources are data that are originally recorded in
an electronic format. An eSource generally includes the direct
capture, collection, and storage of electronic data (eg, electronic
medical records[EMRS], EHRS, or wearable devices) to simplify
clinical research [6]. It can improve data quality and patient
safety and reduce clinical tria costs. However, owing to many
challenges [7], such as limited interoperability of EMRs and
electronic data capture (EDC) systems, unstructured data (eg,
researcher notes or comments), and the need for some data (eg,
research-specific data that are not included in the EMR) to be
manually transcribed and treated, accessing and correcting the
source data in real time during data collection can be slow.
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Despite the existence of several FDA guidelines [6,8] and
European Medicines Agency guidelines [9], the development,
implementation, and evaluation of EMR-specific electronic
resource solutions are limited. The ideal eSource technology
will be able to completely bypass EDC data input, capture the
source data directly from EMR, and transmit it to an electronic
case report form (eCRF). In the past 10 years, a variety of
eSource solutions have been devel oped, eval uated, and improved
[10-12]. There has been some eSource-rel ated research progress
in relatively large projects, such as the OneSource project,
Electronic Health Records for Clinical Research project, and
Seventh Framework Program-Translational Research and
Patient Safety in Europe project [13-15]. However, most of
these studies focused on technical explorations to improve
interoperability among systems to reuse retrospective data for
research. Few studies have explored source data collection and
quality control during prospective data collection from a
methodological perspective.

The attributable, legible, contemporaneous, original, accurate,
complete, consistent, enduring, and available (ALCOA+)
standard has been adopted in the guidelines and industry norms
of many regulatory agencies and has become a recognized
quality standard for clinical research data [16]. The FDA and
European Medicines Agency use ALCOA+ as a guide for
protecting data integrity. The World Health Organization has
also issued Guidance on Good Data and Record Management
Practices based on this principle [17]. Good documentation
practices and data integrity are integral elements of data
management and the foundation of any quality system. The
ALCOA+ principles are the cornerstone of good documentation
practices and apply to both electronic and paper data. At the
good clinical practice (GCP) seminar held in 2020 [18], the
FDA and the UK Medicines and Healthcare Products Regul atory
Agency proposed new global challenges to dataintegrity, such
as the use of eSource, EHR, and other patient data repositories
as RWD sources. Although regulators in different countries
have recently issued guidance and strategies to enhance data
integrity [17,19-22], challenges remain in how to apply this
principlein practice to safeguard data integrity in RWD.

Source data verification (SDV) meansto check the consistency
of data recorded in the database with the source data, and it is
akey link in maintaining data accuracy in quality control and
evaluating data integrity in on-site verification by regulatory
authorities. In China, external access and data sharing are not
possible owing to the sensitivity of medical data. Therefore,
SDV is usually performed using a printed and signed copy of
EMRs. Owing to the inability to reconcile hospitals' concerns
about the privacy of patient medical dataand researchers’ needs
for data transparency, the transformation and upgrade of EMR
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systems by existing medical system providers still cannot meet
the requirements of clinical research [23].

Dataintegrity in clinical research isacritical issue for both the
health care system and research community, and the
consequences of not maintaining data integrity can be severe,
including regulatory violations, need for additional research,
reputational damage, and paper retraction. A retraction analysis
of clinical studies has shown that it is important to develop
processes that enhance the detection of defective products in
their respective likely environments [24]. After the China
National Medical Products Administration issued the most
stringent data verification requirementsin 2015, atotal of 80%
of studies on new drug applications were withdrawn [25]. In
2016, a foreign researcher published an article in the British
Medical Journal claiming that 80% of China'sclinical trial data
were fraudulent, which brought great reputational damage to
China'sclinical research field [26]. In 2018, our team presented
an opinion in the British Medical Journal’s international
community on how to protect the accuracy of clinical trialsin
China [23]. We propose a solution to improve the integrity of
clinical research data in China by using the hospital clinical
research source data management platform and source data
management process architecture. A clinical source data
management platform for electronically synchronizing and
storing all study-related source data not only protects the
integrity and accuracy of study data but also facilitates SDV by
internal or external supervisors, auditors, and researchers
themselves.

Currently, there aremany medical standard—setting organizations
and ingtitutions dedicated to the interoperability of EMRs to
support RWD collection and analysis[27]: (1) diverse common
data models, such as Clinical Data Interchange Standards
Consortium (CDISC) Study Data Tabulation Model,
Observational Medical Outcomes Partnership [28], FDA
Sentinel [29], and National Patient-Centered Clinical Research
Network [30], and (2) data exchange standards, such as the
Health Level Seven Fast Health Interoperability Resources[31],
CDISC operationa data model (ODM) [32], and openEHR.
However, these standards are not yet able to address al of
Chind's needs, and much work is till needed before they can
beimplemented. Improving medical datainteroperability cannot
fundamentally solve the problem of data integrity. In addition,
except for some large state-funded proj ects, most of theresearch
is limited to case studies, thus failing to propose a general
theoretical method, and very few studies can achieve the
transformation from theory to results, real implementation, and
promotion.

In the previous study by our research group, a hospital clinical
research source data management platform and source data
management process architecture were proposed [33]. The core
factor for improving the quality of research dataisthe promotion
of the electronification of clinical research source data; in
particular, thereis aneed to break through the barriers between
theclinical diagnosisand treatment dataand the clinical research
system. Subsequently, the research group explored an RWD
collection mode based on hospital informatization and verified
it using an RWS of medical devices[34]. The study found that
when natural language processing (NLP) was used, the
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completion time was reduced by 90% compared with methods
that relied on manual input [34].

This Study

This study is an in-depth exploration based on previous results.
Using the eSource concept, we designed a source datacollection
method for clinical medicine that is suitable for RWSs, meets
the data integrity standards for clinical research, and realizes
electronic transmission from source data to clinical research
data. We developed a piece of software using the proposed
method and applied it to an RWSto verify itsfeasibility [35].

Methods

Design and Optimization of the Source Data Collection
Method

On the basis of the task decomposition steps proposed by the
ALCOA+ principles, we designed the method by referring to
the eSource logical architecture diagram proposed by
TransCelerate BioPharm Inc [7], RWD, eSource-related
regulatory guidelines[2,3,6,8,9,36-38], and the research group’s
previous experience. | n the process of designing and optimizing
the method, the members of the research team and expertsin
related fields extensively solicited, communicated, and discussed
suggestions through focus groups and expert consultations.
Experts in related fields included the big data company’s
technical staff (product managers, front-end and back-end
developers, etc), clinical trial personnel in different roles
(principal investigators, clinicians, project managers, clinical
research associates [CRAS], clinical research coordinators
[CRCq], data managers [DMsg], etc), hospital information
personnel, experts from the drug regulation department, and so
on. Using this method, we cooperated with a big data company
to develop the eSource record (ESR) system. The ESR system
is a piece of software that is implemented in a hospital in
addition to an EMR system and a trial management system
(such asan EDC system). It can be considered as a connecting
bridge between an EMR system and EDC system. To create a
complete set of clinical research source data solutions, we
invited experienced experts from EDC companies in different
clinical tria roles to provide their input. Guided by GCP
principles, we addressed the issue of data connection between
an ESR and EDC system.

Ethics Approval

This study was conducted in accordance with the Declaration
of Helsinki. Ethics approval was obtained from the Peking
University’singtitutional review board (IRB00001052—21081).

Task Decomposition of ALCOA+ Principlesin Source
Data Collection M ethods

A—Attributable

It can be very simply summarized as that the person who
performsthe data-related task must be the person who performs
thetask. For any operation, an ESR system should reliably track
only the user who created, modified, or deleted the data. The
entire process from the source data to the final analysis data set
should be clearly recorded. The producer of each source datum,
date and time it was produced, relationship between the source
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datum and its attributor (such as the patient), reason for the
modification of the source data and related evidence, and so on
should be clearly reflected in the quality of the source datain
the chain of custody.

L—Legible

The data should be readable and understandable and clearly
show the sequence of steps or eventsthe data have gone through.
It should cover the terminology mapping function and use
CDISC standard terminology as much as possible. The ESR
solution has designed but has not yet implemented a standard
terminology input modethat can correct mistakesin terminology
use for documentation.

C—Contemporaneous

Data activities should be time-stamped, and the time of
occurrence should be recorded. ESR can userecording and other
functions to retain the voice recording of the physician during
the consultation of the patient and to realize the real-time
collection of source data

O—Original

All theinitialy captured data must be retained; they should not
be replaced or deleted. ESR should preserve the source datato
ensuretheoriginality of the original record. It should only back
up the data in the hospital and the data outside the hospital,
without any data cleaning operations, to ensure the originality
of the certified copy. The certified copy of the origina record
shall be verified as having al the same attributes and
information as the origina record and shall be certified
according to the dated signature. All recording filesand various
sourcefiles, such as pictures uploaded during optical character
recognition (OCR), will be retained.

A—Accurate

Data input, storage, and maintenance should be accurate and
effective. ESR conducts quality control on datathrough multiple
links, such as electronic system verification; clinician medical
record writing; data encryption; transmission; management
process, and CRC, CRA, and DM verification, to ensure the
accuracy of data.

C—Complete

The datashould have atraceabl e audit trail to provethat nothing
has been deleted or lost. ESR can highlight the uncollected
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indicatorsin the medical record writing promptly to remind the
clinician to record the research indicators completely. It can
also check the integrity of the data through the data quality
control link and returnit to the clinician. The CDISC ODM data
standard format for eCRF is not widely or professionally
implemented in China because it is not a requirement for drug
submissions. However, EDC companies have started to
implement CDISC ODM as a method of data exchange.
Currently, the ESR solution usesthe CDISC ODM as amethod
of data exchange with EDC companies. However, certain
features, such as the audit trail feature, are not implemented
consistently by different EDC companies; therefore, the CDISC
ODM format used by the ESR will vary based on the partnered
company.

C—Consistent

Regardless of where the data are accessed from, they should be
displayed consistently. The ESR can verify the consistency of
source data and research data through CRC verification, and
the CRA and DM can perform traceability verification, raise
data questions, and further check consistency.

E—Enduring

Records and information should be accessible and readable for
the entire period that they may be needed, possibly decades
after they are recorded. The ESR can prevent data loss in the
event of interruption through system backup. Verified electronic
record backup should be provided to ensure disaster recovery.

A—Availability (Available)

All applicable personnel responsiblefor reviewing or operating
procedures should accessfiles and recordsin areadable format.
The ESR can output source data in an appropriate format for
reference through processes such as data processing, data
structuring, and data standardization.

Results

Description of the Source Data Collection M ethod

Overview

The method includes 5 steps: research project preparation, initial
survey collection, in-hospital medical record writing,
out-of-hospital follow-up, and eCRF traceability. A flowchart
of this method is shown in Figure 1.
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Figure 1. Flowchart of the source data collection method. CRC: clinical research coordinator; eCRF: electronic case report form; HIS: hospital
information system; NLP: natural language processing; OCR: optical character recognition.
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According to the data sources, research data can be divided into
data collected by the hospital electronic system, additional data
collected during research, and data collected outside the hospital.
Thedatacollected by the hospital EM R system are medical data

Research Project Preparation

In the preparation stage of a research project, such as a
randomized controlled trial, the researcher needs to determine

the research plan. The plan should clearly define the data
elements that need to be collected; determine the data source
and data type; and define the source data collection method,
time of data collection, and personnel who will collect the data.
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generated by the patient during the hospital visit or
hospitalization; these may include EMR data, medication data,
and medica insurance data. Research-specific dataare additional
data collected in the hospital according to the needs of the
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research project; these may include the recording of certain
additional index dataduring surgical operations. Data collected
outside the hospital are research-related data that are generated
after the patient is discharged and may include follow-up data
such as adverse events. Research data are divided into 2 data
types: structured data and unstructured data. An eCRF can be
designed based on the research plan. eCRF topics can be
associated with the EMR form to configure the traceability path
of different eCRF topics. For example, demographic data in
eCRF can be traced back to the admission record form in the
EMR. However, routine medical records do not contain certain
necessary research-specific data, such as scale scores. Therefore,
after completing the eCRF traceability configuration, clinicians
can design medical record writing prompts and rules for the
eCRF that conform to clinical habits and meet their data
collection requirements, to cover the elements required for
research and standardize the EMR recording process among
different clinicians.

Initial Survey Collection

The collection of research datacan bedivided intoinitial survey
collection and in-hospital medical record writing. During the
collection of initial survey data, the clinicians' workload when
writing EMRs can be reduced with the use of voicetranscription
and NL P technology and by allowing patientsto fill in some of
theinformation. For example, asthe hospital admission medical
record (basic information and past history) involves few
complicated medical terms, a standardized questionnaire can
be created, and the patient can scan a QR code to accessit and
completeit. Thedatafor the main complaint and current medical
history sections can be collected by clinicians through a
traditional medical history interview; then, the dialogue between
theclinician and patient istranscribed into text in real timeusing
voice transcription technology, and information such as
symptoms, medicines, time, disease diagnosis, and so on are
analyzed and extracted using NLP technology. Finally, this
information is prefilled into the medical records.

In-Hospital Medical Record Writing

In-hospital medical record writing is the process by which
clinicians write medical records according to the research
medical record template. The rich text editor alows clinicians
to record information such as text, pictures, and videos. Data
input methods for text-type information are divided into voice
dictation, manual input, and intelligent import. Intelligent import
technology refersto the automatic or semiautomatic transmission
of clinical data from one data field or system to another data
field or system (eg, via copy and paste, autofill, barcode
scanning, or image OCR). Clinicians further process and sort
machine-prefilled medical records and record the source data
from the medical encounter in a timely and complete manner
to create research medical records. NLP technology can
highlight elements that are not collected by clinicians in real
time as they write medical records. For medical records that
have been completed and submitted with signatures, NLP can
extract research data from the background and automatically
complete the eCRF. The system can track all the revisions that
clinicians have made in the research medical records for
verification. Asthe research medical records were recorded by
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the software we designed, to connect them to the hospital’s
EMR system, we transferred all the research medical records
back to the EMR in the form of documents to create a medical
record. This avoids the need for clinicians to complete the
medical records twice in the 2 systems, because records
completed in accordance with research requirements include
more information and can meet the requirements for medical
records.

Out-of-Hospital Follow-up

Through the follow-up center, clinicians can use follow-up apps
or official WeChat accounts to collect out-of-hospital data
needed for research. After setting the trigger conditions for the
follow-up start time, frequency, and format, the system can
automatically send the follow-up questionnaire to the patient,
who can complete the questionnaire via the web. It is also
possible to use smart or manual calls for follow-up questions,
this alows patients to participate in question-and-answer
dialogues, which the system can then transcribe into text. For
laboratory examinations and imaging performed outside the
hospital, the system offers file upload functions and OCR of
pictures and text. After summarizing these different forms of
follow-up data, NLP extracts these contents and enters them
into the eCRF.

eCRF Traceability

In the steps mentioned previously, NLP automatically extracts
research datafrom EM Rs and out-of-hospital follow-up records
and uses them to complete the eCRF. This can greatly reduce
the workload of the CRC, who will no longer need to manually
complete the eCRF and can focus on data verification. As the
researcher completed the configuration of the eCRF topic and
medical record form during the preparation phase of the research
project, when the CRC opens the eCRF traceability function,
the EMR written by the physician and the eCRF form will be
displayed on the screen at the same time. When the CRC clicks
on the eCRF topic, the system can automatically scroll tolocate
and highlight the position of answers in the source file. The
CRC can also be led to the sources of data by playing the
recordings maintained in the system (eg, recordings of
consultations or medical records created by physicians using
voice input). Then, the CRC can check whether the data
recorded in the sourcefile are consi stent with the data extracted
by NLP. If al the data pass this check, the CRC will sign and
submit the certification to compl ete the data storage. If the CRC
finds inconsistent data, they can provide feedback indicating
the presence of an error. For problemsrelated to NL P extraction,
the CRC can make manual corrections and provide feedback to
the technicians to optimize the NLP model. If there is an error
in the source data, such as an error introduced by the physician
during the writing of the medical record, feedback is provided
to the clinician, who will correct the content of the EMR and
resubmit it. The NLP will extract it again, and the CRC will
recheck the issue. The system will record the history of all the
CRC verifications.

Data Docking Between the ESR and EDC

Although the ESR that we designed can theoretically integrate
EDC functions, as the implementation of this method requires
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atransition phase and integration of the CDISC Clinical Data
Acquisition Standards Harmonization data standard used by
EDC, we will discuss the process of creating a data connection
between the ESR and EDC (Figure 2). First, cliniciansand data
administrators enter the EDC to create an empty mirror eCRF
based on the CDISC data standard and passit to the ESR system.
The eCRF is decomposed using the abovementioned source
data collection method, and the research medical record writing
requirements and configuration traceability paths corresponding
to different data collection points are designed. The ESR
integrates out-of-hospital data and process supervision source
data. Clinicians need to write their medical records only on the
ESR, and the ESR can automatically synchronize data with the
in-hospital EMR system. The intelligent data acquisition
function of the ESR will automatically complete the empty
eCRF to create an eCRF with value. Then, the in-hospital,
out-of-hospital, and process supervision data can be backed up
to form a certified copy database. The certified copy database
needs to undergo data management to create aclinical research
database. Then, the CRC can use ESR functions such as audio
replay, picturereview, and highlight traceability desensitization
datato track the clinical research databasein real timeto verify
thevalued eCRF dataand submit it to create aconfirmed eCRF.
By transmitting data that mirror the eCRF values, the EDC

Wang et al

receivesand submitsthe eCRF. When the CRA and DM conduct
data verification work, they can query the certified copy
database through interface traceability and send data queries.
The data queries are transmitted to the ESR through the EDC
interface. If the source dataareincorrect, they will be generated
in the ESR system, and the corresponding researchers will be
notified to correct the medical records. For the ESR system to
send data queries to the EMR system, the EMR company adds
a module to visuaize the ESR interface; therefore, all
notifications or queries can be directly handled withinthe EMR.
Researchers can choose to correct the source data via the web
or offlinein the EMR system. If some supplementary research
data are recorded through the ESR system, the correction of
source data can be completed via the web in the ESR system.
After completing the source data correction, ESR automatically
synchronizesthe source datato the certified copy database again,
re-extracts the research data, completes the eCRF, and finally
passesthe eCRF valuesto the EDC system through theinterface.
The dataverification process described previously is performed
until the verification is completed. When all data verification
is completed, the principal investigator can sign and lock the
database to secure the research and analysis data that can be
used by statisticians.

Figure 2. Data docking between the eSource record (ESR) and electronic data capture (EDC) systems. CRO: contract research organization; eCRF:
electronic case report form; EMR: electronic medical record; NLP: natural language processing.
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transmit data to the ESR system through the data standards of
Health Level Seven Clinical Document Architectureand CDISC

ODM, respectively. When the implemented data standards for
a given system are not consistent, ESR will approach the
problem by first automating mappings between standards and
then handling extensions or corrections to a given data format
through human evaluation. The ESR can receive the familiar
document format in the EMR and eCRF fields through EDC,
provide writing suggestions in the EMR document, and send
the suggestions back to the EMR system. The ESR process
includes 5 steps, as shown in Textbox 1 [39,40].

Research data need to communicate with source data systems
if dataintegrity isto be met. There are 2 approaches mentioned
in the relevant FDA report [8], including interoperable systems
and fully integrated systems. Data integrity can be fully
guaranteed only if clinical researchersare allowed to enter study
datadirectly into the EHR (fully integrated system). In contrast,
interoperable systems usualy only pass a portion of the data
that are mature and standardized. EDC and EMR systems will
interoperate through the ESR. The EMR and EDC systems

Textbox 1. Stepsin the eSource record (ESR) method.

Step 1

«  Electronic datacapture sends the eCRF and el ectronic medical record sendsthe patient clinical form to the ESR system. The source data collection
module of the ESR system will be responsible for the annotation of electronic medical records, whereas the data transcription module of the ESR
system will be responsible for locking the electronic case report form (eCRF) field to capture text segments of source data, complete the eCRF,
and generate a traceability interface for clinical research coordinator review.

Step 2

«  Thesecond step involves modeling the research data set and generating labels. Structured data are directly mapped to the Clinical Data I nterchange
Standards Consortium (CDISC) model. Unstructured data do not have a widely used intermediate layer and do not consider the Observationa
Medical Outcomes Partnership model but directly converts to the CDISC model. The process of converting unstructured data to research data
requires annotating the text and extracting the relevant content using natural language processing models.

Step 3

«  Thethird stepinvolves model training and extraction of entities and rel ationships between entities. Regarding entity extraction, the Chinese-named
entity recognition model of bidirectional encoder representation from transformers, bidirectional long short-term memory neural networks, and
conditional random fields are used.

Step 4

«  Thefourth step involves the generation of research-specific term database. The research-specific term database refers to the mapping library
between the actually extracted terms in the tags and the standard terms. The establishment of a research-specific term database requires the
extracted tags, CDISC operational data model code lists, and international standard terms (such as International Classification of Diseases 10th
Revision).

Step 5

«  Thefina stepisrelated to normalization rules after entity extraction and before completing the eCRF. The output of the natural language processing
model mainly has 2 tables, including the list of al the extracted label values (entity table) and the list of relationships between entities (entity
relationship table). The first task was to assign each entity label with a standard value and standard label type using a research-specific term

database. The second task was to convert the entity relationship table to a single record based on the domain.

Case Verification

In 2021, we selected an RWS to eval uate the effectiveness and
safety of cosmetic medical equipment (cross-linked glucan) for
chin augmentation in the Boao Lecheng pil ot zone. Theinterface
that alows the CRC to use the ESR for data traceability
verificationisshown in Figure 3. Thisfigure showstheinterface
under the eCRF traceability verification label. The contents of
the outpatient medical records are shown on the left. The eCRF
topicisshown on theright. When the mouse staysin the answer
box for “body temperature” on theright, the answer “36 °C” is
retrieved from the text related to the physical examination and
is highlighted on the left. The operation interface for CRC or
DM traceability in EDCisshownin Figure4. Thisfigure shows
theinterface under the eCRF traceability verification label. The
contents of the outpatient medical records are shown on the
right. The eCRF topic is shown on the left. When the mouse

https://www.researchprotocols.org/2022/12/e42754

staysin the answer box for “body temperature” on theright, the
answer “36 ‘C” is retrieved from the text related to physical
examination and highlighted on the left. When you click the
retrospect function in the drop-down menu, the original record
will pop up and the text will be highlighted. This figure shows
the body weight from the physical examination part of the
outpatient medical record. Details about case verification are
availablein our previoudy published study [41]. The preliminary
evaluation shows that in the clinical medical environment, the
ESR-based eSource method can improve the efficiency of source
data collection and reduce the workload required to complete
datatranscription [41]. Sincetheinitial verificationinthisRWS,
we have collaborated with many other projects for more
extensive verification. These pilot projects have begun the
process of deploying the tool in hospitals and will start soon.
A project currently using the ESR isthe RWS on the safety and
efficacy of injectable cartilage-regenerating collagen fillers for
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the treatment of cartilage damage. At the same time, we have  provide alarge amount of data for evaluating the value of the
initiated collaboration with medical system providerstodevelop tool and promoting the development of clinical research in
away to integrate this tool with EMRs. These rich cases will  China.

Figure 3. Theclinical research coordinator interface for data traceability verification in the eSource record.

¢{  CRF traceability verification Modification history Check history ¢ @ XUCH > ® Data collection point 1
Physical ~ Height 1.65m , weight 50kg , body temperature B6FG , pulse 70 There is
Case Report ) To be a '
examination beats/min, breathing 18 beats/min , blood pressure Form (CRF) verified verified O verified " source
error
107/80mmHg . The development is normal , the nutrition is good,
Only confirm the question to be checked Cancel confirmation of checked questions
the skin and mucus are normal , and the superficial lymph nodes
all over the body are not palpable and swollen . There is no vital signs:
O Is the subject undergoing vital signs measurement? :
deformity of the skull, no congestion of the eye and conjunctiva , Yes no
and no abnormalities in the nose, ears, mouth, and pharynx . The
O Body temperature (°C):

neck is soft, without resistance, the trachea is in the middle , the |
36

jugular vein is not filled , and the bilateral thyroid glands are not O Pulse (times/minute):

palpable and enlarged . Clear breath sounds in both lungsClarity. o

The heart rate was 70 beats/min, the rhythm was uniform, and no o B‘?:;d press/ure g:ysmlic/diasm[ic blaod pressure) (mmHg):
murmur was heard in the auscultation area of each valve . The O Respiration rate (times/minute):

abdomen was soft, without tenderness and mass, and the liver 1®

Physical examination:

and spleen were not touched under the costal margin . The spine R R X L
O Did the subject undergo a physical examination? :

and limbs are not deformed , the limbs move normally , and there Yes no

e mm Adanan in bha laiae leabe Dheisialanical eaflag i meanant

Figure4. Interface for traceability operation in electronic data capture.
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I-‘@ Physical examination (Traceatlity, X 9 Audit
BMI(kg/m"2) -
3 Inclusion criteria Height 1.51m, weight Jil8Kg . body temperature 36.2 °C, pulse 70 @ Query

beats/min, breathing 18 beats/min, blood pressure 112/68mmHg.

© Deviation
[} Exclusion criteria Physical examinatii The development is normal, the nutrition is good, the skin and
mucus are normal, and the superficial lymph nodes all over the & Comment
'.% Digital photo body are not palpable and swollen. There is no deformity of the )
2] No. Check  skull, no congestion of the eye and conjunctiva, and no Verify te
abnormalities in the nose, ears, mouth, and pharynx. The neck is @ Review
=4 Day 1 (baseline) soft, without resistance, the trachea is in the middle, the jugular
! Skinand mi 4 oin i not filled, and the bilateral thyroid glands are not palpable ¥ Freeze a
[ visit date and enlarged. Breath sounds are clear in both lungs. The heart
2 Lymph nodt rate was 70 beats/min, the rhythm was uniform, and no murmur [v] E
[ Inclusion criteria was heard in the auscultation area of each valve. The abdomen Q@ Check
was soft, without tenderness and mass, and the liver and spleen @ Retrospect
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routinely recorded in the EMR. In addition, the free-text data
recorded by the physician in medical records are not adequate
Princioal Findinas to meet these data standards, and additional data must be

P ) g i . extracted using NLP technology. Wehrle et a [44] created a
Although previous studies have applied Fast Health a5 control framework to support high-quality RWSsusing the
Interoperability Resources or openEHR siandards 10 NeyrgTransData system to collect datafrom registry databases

interoperability casesto serve asexperiential references[42,43], i myltiple disease areas. Although this study covers the data
clinical research datainclude research-specific datathat are not
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cycle from input to analysis, the limitation is that SDV cannot
be performed on al data. The method randomly sampled data
from only 10 patients per year and investigated the consistency
of source data documentation in EHRS, practice management
software systems, and NeuroTransData registry. The study by
Chatzidimitriou et al [45] illustrated the challenges and solutions
for collecting and analyzing RWD using the chronic
lymphocytic leukemiadatabase as an example. Theresearchers
proposed a unified data management framework to allow the
collection of homogeneous high-quality data sets and the
connection of multiple forms of biologica and medical
information. The main limitation of this framework is that it
does not include quality control measuresfor SDV. Abdolkhani
et al [46] discussed wearable health data solutions for RWD
quality control in aworkshop format. However, this study only
proposed 5 general solutions for the attributes of health data
and has not yet formed a complete theoretical framework.

Our study explores ways to implement eSources when
conducting clinical research in the current medical environment.
Our ESR solution provides novel options for addressing these
challenges. It issimple and can be easily implemented, without
requiring changes in the medical system. By managing data
from different sources, the ESR can meet the requirements of
data standards and provide traceability for verification. It can
address the scientific research pain points of clinicians in the
following ways: (1) clinicians can formulate medical record
writing rules consistent with their clinical habits that comply
with the research plan; (2) NLP tools can be integrated into
web-based operations, allowing clinicians to extract text
information without any experiencein programming; (3) onthe
basis of the initial model and the corpus marked by clinicians,
the model can undergo dynamic learning and optimization; (4)

Acknowledgments
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after the model meets the expected requirements, it can
automatically label and extract information, which solves the
problems related to traditional manual data collection; and (5)
a feedback loop is established for clinicians' case writing to
improve subsequent medical record writing specifications and
ultimately ensure high quality of research data.

Limitations

Just asthe data standards and use communities of different data
models are different, the ESR will inevitably face some
challenges in its follow-up, such as how to integrate with the
EMR asalightweight plug-into improveclinicians' acceptance
when connecting to EDC and health information systems
produced by different manufacturers. The biggest hurdleisthat
China's hospital medical record system vendors built their
systems long before industry standards were implemented,
resulting in lack of standards that could be used for data
exchange. Finaly, al the challenges of implementing ESR
presented by different stakeholders are not fully addressed in
this study.

Conclusions

The main contribution of this study is the creation of a source
data collection method that realizes a new eSource strategy.
The ESR solution aims to meet the ALCOA+ standards for
clinical research data integrity and provide a new model for
prospective data collection in RWSs. Unlike other attempts to
solve datainteroperability, which are not always applicable, the
ESR that we proposed was designed in accordance with the
GCP principle, which is standardized and sustainable. The
integration of NLP technology into the ESR improves its
flexibility, thus increasing the ease with which clinicians can
extract research data.

The authors sincerely thank Hangzhou LionMed Medical Information Technology Co Ltd for its strong support of the research
group. This study was supported by the China Center for Food and Drug International Exchange.

Data Availability

Data sharing is not applicable to this paper, as no data sets were generated or analyzed during this study.

Authors Contributions

All the authors contributed to the study. BW wrote the first draft of the manuscript. CY conceived the idea for this study. BW,
XL, JL, and FJ participated mainly in the preliminary design of the method. HZ is the product manager of the eSource record
system. CY provided critical comments and revised the manuscript. All the authors read and approved the final manuscript.

Conflicts of Interest
None declared.

References

1.  Sherman RE, Anderson SA, Dal Pan GJ, Gray GW, Gross T, Hunter NL, et al. Real-world evidence - what isit and what
can it tell us? N Engl JMed 2016 Dec 08;375(23):2293-2297. [doi: 10.1056/NEJMsh1609216] [Medline: 27959688]

2. Useof rea-world evidence to support regulatory decision-making for medical devices. Food and Drug Administration
(FDA). 2017 Aug 31. URL: https.//www.fda.gov/media/99447/download [accessed 2021-09-19]

3.  FDA Framework for FDA's real-world evidence program. Food and Drug Administration (FDA). 2018 Dec. URL.: https./
/www.fda.gov/media/120060/downl oad [accessed 2021-09-13]

https://www.researchprotocols.org/2022/12/e42754

JMIR Res Protoc 2022 | vol. 11 | iss. 12 | e42754 | p. 10
(page number not for citation purposes)


http://dx.doi.org/10.1056/NEJMsb1609216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27959688&dopt=Abstract
https://www.fda.gov/media/99447/download
https://www.fda.gov/media/120060/download
https://www.fda.gov/media/120060/download
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Wang et a

4,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Grimberg F, Asprion PM, Schneider B, Miho E, Babrak L, Habbabeh A. The real-world data challenges radar: areview
on the challenges and risks regarding the use of real-world data. Digit Biomark 2021 Jun 24;5(2):148-157 [FREE Full text]
[doi: 10.1159/000516178] [Medline: 34414352]

E6(R2) Good clinical practice: integrated addendum to ICH E6(R1). Food and Drug Administration (FDA). 2018 Mar.
URL: https://www.fda.gov/regul atory-information/search-fda-gui dance-documents/

e6r2-good-clini cal-practi ce-integrated-addendum-ich-e6r1 [accessed 2021-08-24]

Guidance for industry electronic source datain clinical investigations. Food and Drug Administration (FDA). 2013 Sep.
URL: https://www.fda.gov/media/85183/downl oad [accessed 2021-08-24]

Parab AA, MehtaP, VattikolaA, Denney CK, Cherry M, Maniar RM, et a. Accelerating the adoption of eSourcein clinical
research: atranscelerate point of view. Ther Innov Regul Sci 2020 Sep 03;54(5):1141-1151 [FREE Full text] [doi:
10.1007/s43441-020-00138-y] [Medline: 32128701]

Use of electronic health record datain clinical investigations guidance for industry. Food and Drug Administration (FDA).
2018 Jul. URL : https.//www.fda.gov/regul atory-informati on/search-fda-guidance-documents/

use-€l ectronic-health-record-data-clini cal -investigati ons-guidance-industry [accessed 2021-08-24]

Quialification opinion on eSource Direct Data Capture (DDC). European Medicines Agency (EMA). 2019 Jul 25. URL:
https.//www.ema.europa.eu/en/documents/regul atory-procedural -quideline/
qualification-opinion-esource-direct-data-capture-ddc_en.pdf [accessed 2021-10-16]

GarzaM, Myneni S, Fenton SH, Zozus MN. Esource for standardized health information exchange in clinical research: a
systematic review. J Soc Clinical Data Manag 2021;1(2). [doi: 10.47912/jscdm.66]

Safran C, Bloomrosen M, Hammond WE, Labkoff S, Markel-Fox S, Tang PC, Expert Panel. Toward a national framework
for the secondary use of health data: an American Medical Informatics Association White Paper. JAm Med Inform Assoc
2007;14(1):1-9 [FREE Full text] [doi: 10.1197/jamia.M2273] [Medline: 17077452]

Kush R, Alschuler L, Ruggeri R, Cassells S, Gupta N, Bain L, et a. Implementing single source: the STARBRITE
proof-of-concept study. JAm Medical Informatic Assoc 2007 Sep 01;14(5):662-673. [doi: 10.1197/jamia.m2157]
RoccaM, Asare A, Esserman L, Dubman S, Gordon G. Source data capture from EHRs: using standardized clinical research
data. U.S. Food & Drug Administration. 2019 Oct 30. URL: https://www.fda.gov/media/132130/download [accessed
2021-08-16]

Hussain S, Ouagne D, Sadou E, Dart T, Daniel C. EHRACR: a semantic web based interoperability approach for reusing
electronic healthcare recordsin protocol feasibility studies. CEUR-WS. 2012. URL: https.//ceur-ws.org/\Vol-952/paper_31.
pdf [accessed 2022-11-25]

Delaney B, Curcin V, Andreasson A, Arvanitis T, Bastiaens H, Corrigan D, et al. Translational medicine and patient safety
in Europe: TRANSFoRm--Architecturefor thelearning health system in Europe. Biomed ResInt 2015;2015:961526 [FREE
Full text] [doi: 10.1155/2015/961526] [Medline: 26539547]

Bargaje C. Good documentation practicein clinical research. Perspect Clin Res 2011 Apr;2(2):59-63 [ FREE Full text] [doi:
10.4103/2229-3485.80368] [Medline: 21731856]

Annex 5 guidance on good data and record management practices. WHO Expert Committee. 2016. URL : https.//www.
who.int/medicines/publications/pharmprep/WHO TRS 996 annex05.pdf [accessed 2021-09-14]

Khin NA, Francis G, Mulinde J, Grandinetti C, Skeete R, Yu B, et al. Dataintegrity in global clinical trials: discussions
from joint US food and drug administration and UK medicines and healthcare products regulatory agency good clinical
practice workshop. Clin Pharmacol Ther 2020 Nov 28;108(5):949-963. [doi: 10.1002/cpt.1794] [Medline: 31958142]
Guidance on good manufacturing practice and good distribution practice: questions and answers: data integrity. European
Medicines Agency (EMA). 2016 Aug. URL: https:/tinyurl.com/r6k4nrpj [accessed 2021-09-12]

‘GXP dataintegrity guidance and definitions. M edicines and Healthcare products Regulatory Agency (MHRA). 2018 Mar.
URL: https://assets.publishing.service.gov.uk/government/upl oads/system/upl oads/attachment_ data/file/687246/
MHRA_GxP_data integrity guide March edited Final.pdf [accessed 2021-11-16]

Draft Guidance: good practices for data management and integrity in regulated GMP/GDP environments, Pl 041-1 (Draft
3). Pharmaceutical Inspection Co-Operation Scheme (PIC/S). 2018. URL : https://www.picscheme.org/layout/document.
php?id=1567 [accessed 2020-12-19]

Guidance for industry: dataintegrity and compliance with drug CGMP: questions and answers. US Department of Health
and Human Services FaDA. 2018. URL: https://tinyurl.com/nhjtfrnj [accessed 2020-02-18]

Yan X, Dong C, Yao C. Protecting the accuracy of clinical trial datain China. The BMJ Opinion. 2018 Jun 7. URL: https:/
[/blogs.bmj.com/bm;j/2018/06/07/protecting-the-accuracy-of -clinical -trial -data-in-china/ [accessed 2021-10-16]

Wang B, Lai J, Yan X, JinF, Yao C. Exploring the characteristics, global distribution and reasonsfor retraction of published
articles involving human research participants: a literature survey. Eur JIntern Med 2020 Aug;78:145-146. [doi:
10.1016/j.€]im.2020.03.016] [Medline: 32216996]

Announcement of the State Food and Drug Administration on Self-examination and Verification of Drug Clinical Trial
Data (2015 No. 117). ChinaNational Medical Products Administration. 2015 Jul 22. URL : https://www.nmpa.gov.cn/xxgk/
gata/qtggta/20150722173601172.html [accessed 2022-01-13]

https://www.researchprotocols.org/2022/12/e42754 JMIR Res Protoc 2022 | vol. 11 | iss. 12 | e42754 | p. 11

(page number not for citation purposes)


https://www.karger.com?DOI=10.1159/000516178
http://dx.doi.org/10.1159/000516178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34414352&dopt=Abstract
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/e6r2-good-clinical-practice-integrated-addendum-ich-e6r1
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/e6r2-good-clinical-practice-integrated-addendum-ich-e6r1
https://www.fda.gov/media/85183/download
https://europepmc.org/abstract/MED/32128701
http://dx.doi.org/10.1007/s43441-020-00138-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32128701&dopt=Abstract
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/use-electronic-health-record-data-clinical-investigations-guidance-industry
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/use-electronic-health-record-data-clinical-investigations-guidance-industry
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/qualification-opinion-esource-direct-data-capture-ddc_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/qualification-opinion-esource-direct-data-capture-ddc_en.pdf
http://dx.doi.org/10.47912/jscdm.66
https://europepmc.org/abstract/MED/17077452
http://dx.doi.org/10.1197/jamia.M2273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17077452&dopt=Abstract
http://dx.doi.org/10.1197/jamia.m2157
https://www.fda.gov/media/132130/download
https://ceur-ws.org/Vol-952/paper_31.pdf
https://ceur-ws.org/Vol-952/paper_31.pdf
https://doi.org/10.1155/2015/961526
https://doi.org/10.1155/2015/961526
http://dx.doi.org/10.1155/2015/961526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26539547&dopt=Abstract
http://www.picronline.org/article.asp?issn=2229-3485;year=2011;volume=2;issue=2;spage=59;epage=63;aulast=Bargaje
http://dx.doi.org/10.4103/2229-3485.80368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21731856&dopt=Abstract
https://www.who.int/medicines/publications/pharmprep/WHO_TRS_996_annex05.pdf
https://www.who.int/medicines/publications/pharmprep/WHO_TRS_996_annex05.pdf
http://dx.doi.org/10.1002/cpt.1794
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31958142&dopt=Abstract
https://www.ema.europa.eu/en/human-regulatory/research-development/compliance/good-manufacturing-practice/guidance-good-manufacturing-practice-good-distribution-practice-questions-answers#data-integrity-(new-august-2016)-section
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/687246/MHRA_GxP_data_integrity_guide_March_edited_Final.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/687246/MHRA_GxP_data_integrity_guide_March_edited_Final.pdf
https://www.picscheme.org/layout/document.php?id=1567
https://www.picscheme.org/layout/document.php?id=1567
https://www.fda.gov/media/119267/downloadhttps://www.fda.gov/regulatory-information/search-fda-guidance-documents/data-integrity-and-compliance-drug-cgmp-questions-and-answers-guidance-industry
https://blogs.bmj.com/bmj/2018/06/07/protecting-the-accuracy-of-clinical-trial-data-in-china/
https://blogs.bmj.com/bmj/2018/06/07/protecting-the-accuracy-of-clinical-trial-data-in-china/
http://dx.doi.org/10.1016/j.ejim.2020.03.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32216996&dopt=Abstract
https://www.nmpa.gov.cn/xxgk/ggtg/qtggtg/20150722173601172.html
https://www.nmpa.gov.cn/xxgk/ggtg/qtggtg/20150722173601172.html
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Wang et a

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

Woodhead M. 80% of Chinasclinical trial data are fraudulent, investigation finds. BMJ 2016 Oct 05;355:15396. [doi:
10.1136/bmj.i5396] [Medline: 27707716]

Facile R, Muhlbradt EE, Gong M, Li Q, Popat V, Pétavy F, et al. Use of Clinical Data Interchange Standards Consortium
(CDISC) standards for real-world data: expert perspectives from a qualitative Delphi survey. IMIR Med Inform 2022 Jan
27;10(1):€30363 [FREE Full text] [doi: 10.2196/30363] [Medline: 35084343]

Reineckel, Zoch M, Reich C, Sedimayr M, Bathelt F. The usage of OHDSI OMOP - A scoping review. Stud Health Technol
Inform 2021 Sep 21;283:95-103. [doi: 10.3233/SHT1210546] [Medline: 34545824]

Patt R, Wilson M, Chan KA, Benner JS, Marchibroda J, McClellan M. The New Sentinel Network — Improving the
evidence of medical-product safety. N Engl JMed 2009 Aug 13;361(7):645-647. [doi: 10.1056/nejmp0905338]

Forrest CB, McTigue KM, Hernandez AF, Cohen LW, Cruz H, Haynes K, et al. PCORnet® 2020: current state,
accomplishments, and future directions. J Clin Epidemiol 2021 Jan;129:60-67 [FREE Full text] [doi:
10.1016/].jclinepi.2020.09.036] [Medline: 33002635]

Ayaz M, Pasha MF, Alzahrani MY, Budiarto R, Stiawan D. The fast health interoperability resources (FHIR) standard:
systematic literature review of implementations, applications, challenges and opportunities. IMIR Med Inform 2021 Jul
30;9(7):€21929 [FREE Full text] [doi: 10.2196/21929] [Medline: 34328424]

Hume S, Aerts J, Sarnikar S, Huser V. Current applications and future directions for the CDISC operational data model
standard: amethodological review. JBiomed Inform 2016 Apr;60:352-362 [FREE Full text] [doi: 10.1016/}.jbi.2016.02.016]
[Medline: 26944737)

Dong C, Yao C, Gao S, Yan X, JinF, Zhu S. Strengthening clinical research source datamanagement in hospital sto promote
data quality of clinical research in China. Chin JEvid Based Med 2019;19(11):1255-1261.

JnF, Yao C, MaJ, Chen W, Yan X, Wang B. Explore efficient and feasible clinical real world data collection mode in
Hainan Boao L echeng international medical tourism pilot zone. ChinaFood & Drug Administration Magazine 2020(11):21-31.
Yao C, XieH, Hao X, Tan Y, Li W, Wang B. Research on Integrated Solution Tools for Real-World Data Collection,
Governance and Management. China Food & Drug Administration Magazine 2021(11):62-70 [FREE Full text]

Data standards for drug and biological product submissions containing real-world data. U.S. Food & Drug Administration.
2021 Oct. URL: https://www.fda.gov/regul atory-information/search-fda-gui dance-documents/
data-standards-drug-and-bi ol ogi cal - product-submi ssions-contai ning-real -world-data [ accessed 2022-01-12]

Real-world evidence. U.S. Food & Drug Administration. 2021. URL : https.//www.fda.gov/science-research/
science-and-research-special -topi cs/real -world-evidence [accessed 2022-08-17]

Real-world data: assessing electronic health records and medical claims data to support regulatory decision-making for
drug and biological products. U.S. Food & Drug Administration. 2021 Sep. URL: https:/tinyurl.com/mrx628j7 [accessed
2021-11-16]

Lai J, Wang B, Yao C, Ren Y, Jin F, Wang K. Research on Standards Transformation from RealWorld Data to Clinical
Research Data. China Food & Drug Administration Magazine 2021(11):39-46 [FREE Full text]

Lai J, Yao C, Wang B, Wang K, Liao X. Real world data standardization for an ophthalmology real world study in china
and exploration of hew eSource solutions. PharmaSUG. 2022. URL: https://www.pharmasug.org/proceedings/china?2022/
RW/Pharmasug-China-2022-RW146.pdf [accessed 2022-10-26]

Wang B, Hao X, Yan X, Lai J, JinF, Liao X, et al. Evaluation of the clinical application effect of eSource record tools for
clinical research. BMC Med Inform DecisMak 2022 Apr 11;22(1):98 [ FREE Full text] [doi: 10.1186/s12911-022-01824-7]
[Medline: 35410214]

GarzaM, Rutherford M, AdagarlaB, Eisenstein E, Kumar KR, Zimmerman KO, et al. Evaluating site-level implementations
of the HL7 FHIR standard to support eSource data exchange in clinical research. Stud Health Technol Inform 2021 May
27,281:397-401 [FREE Full text] [doi: 10.3233/SHT1210188] [Medline: 34042773]

Yang L, Huang X, Li J. Discovering clinical information models online to promote interoperability of electronic health
records: afeasibility study of OpenEHR. JMed Internet Res 2019 May 28;21(5):e13504 [FREE Full text] [doi:
10.2196/13504] [Medline: 31140433]

Wehrle K, Tozzi V, Braune S, Rolnagel F, Dikow H, Paddock S, et al. Implementation of a data control framework to
ensure confidentiality, integrity, and availability of high-quality real-world data (RWD) in the NeuroTransData (NTD)
registry. JAMIA Open 2022 Apr;5(1):00ac017 [FREE Full text] [doi: 10.1093/jamiaopen/ooac017] [Medline: 35571355]
Chatzidimitriou A, Minga E, Chatzikonstantinou T, Moreno C, Stamatopoulos K, Ghia P. Challenges and solutions for
collecting and analyzing real world data: the Eric CLL database asan illustrative example. Hemasphere 2020 Oct;4(5):e425
[FREE Full text] [doi: 10.1097/HS9.0000000000000425] [Medline: 33709059]

Abdolkhani R, Gray K, Borda A, DeSouza R. Quality assurance of health wearables data: participatory workshop on barriers,
solutions, and expectations. IMIR Mhealth Uhealth 2020 Jan 22;8(1):€15329 [FREE Full text] [doi: 10.2196/15329]
[Medline: 32012090]

Abbreviations

AL COA+: attributable, legible, contemporaneous, original, accurate, complete, consistent, enduring, and available

https://www.researchprotocols.org/2022/12/e42754 JMIR Res Protoc 2022 | vol. 11 | iss. 12 | e42754 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1136/bmj.i5396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27707716&dopt=Abstract
https://medinform.jmir.org/2022/1/e30363/
http://dx.doi.org/10.2196/30363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35084343&dopt=Abstract
http://dx.doi.org/10.3233/SHTI210546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34545824&dopt=Abstract
http://dx.doi.org/10.1056/nejmp0905338
https://europepmc.org/abstract/MED/33002635
http://dx.doi.org/10.1016/j.jclinepi.2020.09.036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33002635&dopt=Abstract
https://medinform.jmir.org/2021/7/e21929/
http://dx.doi.org/10.2196/21929
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34328424&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(16)00038-1
http://dx.doi.org/10.1016/j.jbi.2016.02.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26944737&dopt=Abstract
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2022&filename=YPJD202111008&uniplatform=NZKPT&v=TYNESF_EvmLmdJDZORkEwpWXNJ0Bih2z5Ee5v_2hrh5L2hSxnqmq6Fjhk3ioupFl
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/data-standards-drug-and-biological-product-submissions-containing-real-world-data
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/data-standards-drug-and-biological-product-submissions-containing-real-world-data
https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence
https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/real-world-data-assessing-electronic-health-records-and-medical-claims-data-support-regulatory
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2022&filename=YPJD202111005&uniplatform=NZKPT&v=TYNESF_EvmKHApMvTayehZgXIIvbAVk0vHXip4xpKxkN8OEaWjfS7MLj2pC2O5_B
https://www.pharmasug.org/proceedings/china2022/RW/Pharmasug-China-2022-RW146.pdf
https://www.pharmasug.org/proceedings/china2022/RW/Pharmasug-China-2022-RW146.pdf
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-022-01824-7
http://dx.doi.org/10.1186/s12911-022-01824-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35410214&dopt=Abstract
https://europepmc.org/abstract/MED/34042773
http://dx.doi.org/10.3233/SHTI210188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34042773&dopt=Abstract
https://www.jmir.org/2019/5/e13504/
http://dx.doi.org/10.2196/13504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31140433&dopt=Abstract
https://europepmc.org/abstract/MED/35571355
http://dx.doi.org/10.1093/jamiaopen/ooac017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35571355&dopt=Abstract
https://europepmc.org/abstract/MED/33709059
http://dx.doi.org/10.1097/HS9.0000000000000425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33709059&dopt=Abstract
https://mhealth.jmir.org/2020/1/e15329/
http://dx.doi.org/10.2196/15329
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32012090&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

CDISC: Clinical Data Interchange Standards Consortium

CRA: clinical research associate

CRC: clinical research coordinator

DM: data manager

eCRF: electronic case report form

EDC: electronic data capture
EHR: electronic health record
EMR: eectronic medical record
ESR: eSource record

FDA: Food and Drug Administration

GCP: good clinical practice
NLP: natural language processing

OCR: optical character recognition

ODM: operational data model
RWD: rea-world data
RWE: real-world evidence
RWS: rea-world study

SDV: source data verification
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