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Introduction: A guiding principle behind the development and deployment of the REDCap data management
platform has always included attention to workflow design that allows easy implementation of best
practices for clinical and translational researchers. CDISC standards such as CDASH have helped the
clinical research community improve the efficiency, actionability, and quality of their clinical trials data,
but have had limited uptake among the academic institutions.

Objective: To create a scalable methodology to convert CDISC CDASH electronic case report forms
(eCRFs) instrument metadata into REDCap data dictionaries for the purpose of simplifying adoption and
use of CDASH instruments by research teams across the REDCap Consortium.

Implementation: We have used our replicable methods to translate metadata from 34 CDASH Foundational
eCRFs and 20 CDASH Crohn'’s Disease eCRFs into REDCap eCRF metadata and have made these instruments
available in the REDCap Shared Data Instrument Library for widespread sharing and uptake across the
REDCap Consortium. Users can import the standardized eCRFs directly into their REDCap projects for
immediate use in clinical trial data collection.

Conclusion: Disseminating CDISC standards through the REDCap community will increase the accessibility
of these standards for academic medical centers. Having academic clinical researchers using CDISC
standards may lead to more research datasets that interoperate with pharmaceutical sponsored trials,
and more discoveries from secondary use of clinical research data.
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Introduction

Since its inception in 1997, the Clinical Data Interchange
Standards Consortium (CDISC) has worked to ensure
that data for clinical trials are interoperable and quickly
interpretable by organizations seeking to understand the
safety and efficacy of clinical interventions. Adoption of
CDISC standards for clinical trial data became ubiquitous
when the submission of all trial data in CDISC's Study Data
Tabulation Model (SDTM) was required by the US Food
and Drug Administration (FDA) in 2006 and by Japan's
Pharmaceuticals and Medical Devices Agency (PMDA) in
2020."* The National Medical Products Administration
(NMPA) in China also prefers data to be submitted in
accordance with CDISC standards.’ The increased adoption
by regulatory agencies has also resulted in growth
in CDISC membership. In 2022, there were over 500
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CDISC members, including most major pharmaceutical
companies and clinical research organizations (CROs).*
Although CDISC standards are important in clinical
research, implementing CDISC compliant data collection,
formatting, and submission can be a time consuming and
costly process. By nature, clinical trials data are necessarily
detailed and complex in order to capture the nuances
of study design, participant characteristics, intervention
delivery, safety outcomes, and efficacy outcomes that
might influence a regulatory agency’s decision on whether
to approve a medical drug or device. Drug companies and
CROs often employ teams of experts or hire consultants
to assist with the creation of electronic case report forms
(eCRFs) at the start of a trial and creation of submission
datasets during and after the trial. Electronic data
capture (EDC) software that pharmaceutical companies
use for clinical trials such as Medidata Rave and Oracle
Health Sciences Clinical One are well tuned for CDISC
compliance and regulatory agency submissions. However,
due to their high costs, the use of such software by
academic investigator-initiated clinical trials is limited.>®
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Recently, CDISC published results of the CDISC Real
World Data Connect project, which outlined a number
of recommendations to make the CDISC standards easier
to use in settings outside clinical research for regulatory
submission.” These recommendations included taking
steps to support academic and public health researchers
in the use of data coming from observational studies and
registries.

Research Electronic Data Capture (REDCap) is an online
data capture system designed for clinical and translational
research.® It is available at no cost to academic, non-profit,
and government institutions. As of February 2022, the
REDCap Consortium counted 5743 institutions in 145
countries under its umbrella (see Figure 1).° The REDCap
marker paper has been cited 23,659 times by researchers
in many clinical research disciplines.

One of the guiding principles for developing REDCap
was attention to workflow design that allows easy
implementation of best practices for academic clinical and
translational researchers. What makes REDCap successful
is that all institutions who use the software are part of
the REDCap Consortium, which provides feedback on
how to make REDCap better serve clinical researchers."
Because standards are essential to conducting safe, high-
quality research, REDCap has developed several tools
to promote standards adoption based on demand from
REDCap Consortium members. REDCap has the ability
to import common data elements (CDE) and standard
instruments from the US National Institutions of Health
CDE Repository.! REDCap has also collaborated with
PhenX to host REDCap instrument files on their website.?
Most importantly for CDISC standards adoption, REDCap
hosts a shared library of instruments that consortium
members can import directly into their projects.”?
Previous partnerships with Patient-Reported Outcomes
Measurement Information System (PROMIS) that have their
surveys posted on the REDCap Shared Data Instrument
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Library (SDIL) have resulted in speedy implementation of
standard forms and high uptake from users.""

While new drug applications to regulatory agencies are
typically filed by large companies with the resources to
comply with CDISC standards, academic institutions also
perform clinical trials that contribute information about
the safety or efficacy of drugs. These may take the form
of drug repurposing trials or studies where the frequency,
sequence, or duration of interventions may vary and not
require electronic regulatory submission and review.'"®
Nevertheless, because these trials share interventions
with new drug trials, their datasets should interoperate.”
Despite CDISC offering a low-cost membership to
academic institutions, academic medical centers make up
just 7% of CDISC membership.* One reason for their low
participation in CDISC is the high barrier of harmonizing
data to a standard that is not required for the types of
studies normally done by these researchers. In 2021,
CDISC and the REDCap team at Vanderbilt University
Medical Center formed a partnership with a goal to close
the gap of implementing CDISC standards at academic
institutions.” As the first step toward simplifying this
implementation process, we sought to make all Clinical
Data Acquisition Standards Harmonization (CDASH)
Foundational eCRFs available on CDISC's eCRF portal
available in the REDCap SDIL.” CDISC also has a host of
disease-specific implementation guides and eCRFs.?* As a
test case for disease-specific eCRFs, and with the support
of The Leona M. and Harry B. Helmsley Charitable Trust
and the CDISC community, we sought to make Crohn's
Disease-specific eCRFs available on the SDIL.*!

Methods

The instrument metadata describing both the CDASH
Foundational eCRFs and the Crohn's Disease eCRFs are in
a CDISC format called the Operational Data Model (ODM-
XML). ODM-XML is a vendor-neutral machine-readable
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Figure 1: Map of REDCap consortium members.
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format for describing case report forms.”> Meanwhile,
REDCap case report form metadata is created and shared
in a comma separated file called a data dictionary. It is also
possible to create, export, and upload individual forms in
a project with a .zip file. We created a reusable script that
parsed the ODM-XML and created a REDCap instrument
zip file. This script was based on existing REDCap code that
creates a new project from an ODM-XML file. We modified
this code to convert individual eCRF ODM-XML files to
REDCap .zip files with some additional customizations.
Some of these customizations included the ability to prefill
fields with preset text such as units, links to terminologies
for response options, and branching logic. The program
can also take an ODM-XML file and create an eCRF in a
REDCap project directly from within the eCRF designer
user interface as shown in Figure 2.

This script was written in PHP and implemented as a
REDCap external module. REDCap external modules
are add-ons programs that can supplement REDCap
functionality. System administrators can download
external modules from the REDCap External Modules
Repository.”? We also created explanatory text, licensing
information, and disclosures to include with the
instrument when it was added to the SDIL.

We followed a two-week cycle iterative design process
to develop the eCRF converter and descriptive text. CDISC
experts spent a week reviewing the eCRFs that were
produced from the eCRF converter. CDISC experts and
the REDCap team then met to report deficiencies in how
the eCRFs rendered in REDCap or inconsistencies with
other EDC systems. The REDCap team would then spend
the following week incorporating those changes into
the external module. The external module would then
be available to the CDISC experts again and the process
repeated. All identified issues and their resolutions were
tracked in a shared spreadsheet that CDISC and REDCap
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team members updated. This cycle started in November
2021 and continued through March 2022.

Implementation

The process of developing the external module required
190 hours of REDCap developer time and 352 hours
of CDISC expert time to complete. In June 2022, we
published the CDISC ODM-XML to REDCap instrument
zip external module to the REDCap External Module
Repository.>* We also posted all 34 CDASH Foundational
and 20 CDASH Crohn's Disease eCRFs to the SDIL. Version
1.1 of four CDASH instruments (demographics, common
identifiers, adverse events, and protocol deviations) were
already available on the SDIL prior to June 2022 and had
been downloaded by REDCap Consortium members 4024
times. At the time of publication there were insufficient
data to evaluate the uptake of the newly posted eCRFs in
the SDIL. However, the SDIL framework has the ability to
track the number of downloads and institutions using the
eCRFs."” Those statistics will be shared at a later time.

Discussion

With CDASH instruments easily accessible from the SDIL,
academic institutions in the REDCap consortium can
benefit from faster eCRF creation and shorter overall
study startup time, particularly for Crohn’s Disease
studies. Applying standards at eCRF creation as opposed
to after data collection has also been shown to improve
data completeness by decreasing the number of missing
values in SDTM datasets.** There is also the benefit that
data from clinical trials can be more easily combined for
secondary uses. The external module for conversion of
ODM-XML to REDCap instrument zip files is available for
reuse in future versions of these eCRFs and new CDASH
eCRFs for other therapeutic areas and disease areas where
CDISC has implementation guides.*

Data Collection Instruments

+ Create | a new instrument from scratch

4 Import | a new instrument from the official REDCap Instrument Library,
&, Upload |instrument ZIP file from another project/user or external libraries

_ = Upload |eCRF XML file from CDISC

Instrument name

Upload eCRF XML

Select a CDISC eCRF XML file on your
computer, and then click the Upload button 17
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collection instrument in the project. 12
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Figure 2: Screenshot of eCRF creation with ODM-XML file from within REDCap’s online designer.
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Limitations
Much of the CRF customizations specified in the ODM-
XML were easily translated into the REDCap equivalent of
that functionality. Prefilled fields, field validation (such as
numeric values of dates), branching logic, and controlled
terminologies all had REDCap equivalents. Some features
in the ODM-XML, however, proved harder to replicate. For
example, some forms had nested repeating subsections
(e.g., enter information for all surgeries during the study)
within non-repeating forms. While REDCap does support
repeating instruments, these are used in cases where the
entire form, not parts of the form, repeat. We overcame
this limitation by hard coding in several fields, hidden by
branching logic, into forms where repeating subsections
were needed. We also included instructions to the user for
what to do if they needed more repeating instances.
Another challenge we faced was that many form names,
variable names, and response options contained special
characters, which were not supported in REDCap. While
we did consider simply removing these special characters,
having the CDASH standard name unavailable would
pose a problem for future SDTM mapping. To overcome
this limitation, we put full variable names in the field
annotation text area of REDCap. Other metadata will
accompany variable name and response option codes to
inform SDTM mapping.

Future Directions

The CDASH foundational and Crohn’s Disease eCRFs
are just the beginning of an ongoing collaboration
between CDISC and REDCap. In developing the eCRFs,
we recognized that simply making forms available for
reuse may not be sufficient for academic researchers
to understand and implement CDISC standards. We
intend for the eCRF documentation to become part of
online guidance for academic researchers hosted on
the CDISC website and linked from the REDCap SDIL
CDASH instrument descriptions. The CRF descriptions
will provide more details about how to implement the
eCRFs and other design modifications and considerations
that researchers could take into account when using
the eCRFs. Building on the work to distribute Crohn's
Disease eCRFs, we plan to expand to other therapeutic
areas. This includes existing CDISC Therapeutic Area User
Guides (TAUGs) and future CDISC standards development
projects.

The CDASH eCRF we developed can already facilitate
data aggregation and sharing within a multi-site
study or between similar studies due to standardized
variable names, units, response options, formatting, and
terminologies. The next major technical project in the
CDISC and REDCap collaboration is to create REDCap
functionality to export study data in the SDTM format to
facilitate regulatory group submission. We will modify
code and metadata formatting developed by Yamamoto
et al. to enable SDTM file exports from within REDCap
as an external module.” Like the ODM-XML converter,
this external module will be available to the REDCap
consortium through the External Modules Repository.
We will then populate the mapping metadata in field
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annotation for all the CDASH eCRFs we create so that
anyone who downloads these instruments from the SDIL
will be ready, with some study customization, to export
data to SDTM. Again, instructions for how to make study
customizations will be part of the guidance for academics
on the CDISC website that will link from the SDIL.

Conclusion

This collaboration between CDISC and REDCap has
resulted in CDASH eCRF tools that are readily accessible
to academic researchers in the REDCap Consortium at no
cost. This work and ongoing development is a result of
mutual demand between CDISC and REDCap Consortium
members and the recognition that building a bridge
between data collected in an academic setting and
clinical trial-generated data will benefit all stakeholders.
And while CDISC is focused on standards development
and consensus building and REDCap on developing
a technology platform, both consortia rely on diverse
and international coalitions of members for continuous
product improvement with the purpose of improving the
quality and efficiency of clinical research data collection
and analysis. The availability of these new CDASH eCRF
tools provides a new opportunity for academic medical
researchers to contribute their drug safety and efficacy
data to the body of work that agencies rely on for making
regulatory decisions while facilitating data aggregation
and sharing.
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