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In the United States, clinical data management (CDM) has been accelerating from a single focus on 
collecting and preparing clinical trial data for study analysis to a multi-pronged endeavor. This endeavor 
emphasizes quality data from inception or planning of study design to collection, coding, analysis, 
reporting, and sharing of all applicable and available data. In this article, the influence of legislation and 
scientific expertise in the collection and analysis of valid, sound data is detailed. FDA requirements as 
well as academic and technical developments have led to better, more precise and reliable methods in 
CDM are discussed. As such, we cover the perspectives of industry, academia, and non-profits are 
presented. The role of CDM, at the center of the clinical data explosion, is described, demonstrating 
how data managers coordinate and build on the expertise from all stakeholders. The dependence of 
biomedical research on CDM and quality data for breakthroughs in diagnostics, drugs, and vaccines is 
examined. The state of current educational programs relevant to CDM is detailed and suggestions are 
made for new interdisciplinary programs that can provide technical support for all clinical research 
endeavors. In the article, CDM is viewed through the lens of providing leadership in clinical research and 
striving to overcome obstacles in communicating the latest technological changes to all stakeholders is  
described.
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CDM ensures quality clinical research data—meaning 
valid, reliable, and statistically sound data—to make public 
health decisions. These decisions guarantee safe and 
effective medical products from original development to 
marketing of these products. In each section of this review 
on the state of CDM in the US, the goal is to address how 
CDM facilitates the acquisition and validation of quality 
data that can be shared with all constituents.

Brief History of CDM in the US
For many years the US Food and Drug Administration 
(FDA), the medical products industry, the healthcare 
industry, and academics have been working to develop 
methods, standards, and procedures for collecting, 
storing, transferring, analyzing, and reporting clinical 
research data. The goal of these efforts is to increase the 
efficiency of medical product development. This section 
traces the history and changes in CDM in the US and their 
impact on data quality.

While some regulations of medical products marketed 
in the United States date back to the early 1800s, the 
original Food and Drug Act serves as the foundation of 
regulations for today’s medical products. The Act was 
passed by Congress on June 30, 1906, and signed into 
law by President Theodore Roosevelt. The Food and Drug 
Act of 1906 was completely revised in 1938 in the Federal 
Food, Drug and Cosmetic Act (FD&C Act) of 1938, which 
required that all new drugs be shown to be safe before 
being marketed in the US.1

Prior to the 1960s, few regulatory standards were 
required for controlled clinical research in medical 
product development. In the 1960s, statistical inference, 
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applied to clinical trials, was initiated, as can be seen 
in National Institutes of Health – National Institute of 
Allergy and Infectious Diseases (NIH-NIAID) activities. 
In 1962, the Kefauver-Harris Amendments to the FD&C 
Act “revolutionized drug development.” The amendments 
included the requirement that drugs should demonstrate 
efficacy. They also required adequate and “well-controlled 
studies” that provided “substantial evidence” of efficacy 
for approval of new drugs.1 A 1987 new drug application 
(NDA) rewrite said that case report tabulations (CRTs) 
replaced the earlier all case report forms (CRFs) 
requirement. These CRTs mandated that all data from the 
earliest clinical pharmacology studies and all safety data 
from other studies be included in the submission. This 
NDA rewrite also gave sponsors permission to use clinical 
research organizations (CROs) to collect clinical research 
data.

While the original intent for data was archival, the 
enterprise needed usable datasets, as well as experienced 
professional clinical data managers. In the 1970s, the 
Public Health Service (USPHS) recognized the need for a 
well-educated CDM workforce with a Request for Proposal 
(RFP) providing funding for graduate-level education 
for clinical data managers. A new discipline was born. 
Unfortunately, the recognized need for data managers 
grew more rapidly than anticipated. When the USPHS 
funding ended, the curriculum was not continued at the 
university level, despite the need for well-educated data 
managers.

As increasingly complex requirements for data managers 
were highlighted, the data management group separated 
from the Pharmaceutical Research and Manufacturers of 
America® (PhRMA). Subsequently, the group re-formed as 
the Society for Clinical Data Management (SCDM).

The mission of the SCDM, promoting clinical data 
management excellence, includes promotion of 
standards of good practice within clinical data 
management. In alignment with this part of the 
mission, the SCDM Board of Trustees  established 
a committee in 1998 to determine standards 
for Good Clinical Data Management Practices 
(GCDMP) p. 2.

The initial version of the GCDMP was published in 
September 2000 and continues to be updated.

In the 1990s, changes in CDM were guided by Janet 
Woodcock’s (Former Director, FDA 1994–2004) focus on 
certification of professionals involved in clinical trials 
research for medical products. This included significant 
support from the Council on Economic Growth (CEG), 
the FDA, and the SCDM industry/agency collaborations. 
These institutions were focused on helping to assure 
clinical trial data integrity and usability.

In 1997, a volunteer data standards development 
effort provided an infrastructure for industry, academic, 
and government organizations to collaborate on 
data standards. This volunteer group worked as a 
Drug Information Association – Special Interest Area 
Community (DIA-SIAC) in 1998–1999 and became an 

independent organization in 2000: the Clinical Data 
Interchange Standards Consortium (CDISC).

CDISC is an open, multidisciplinary, non-profit 
organization committed to the development of 
worldwide industry standards. These standards 
support the electronic acquisition, exchange, sub-
mission and archiving of clinical trials data and 
metadata for medical and biopharmaceutical prod-
uct development.

In 1997, the first Joint FDA/DIA (Drug Information 
Association) Meeting was held, and the FDA specifically 
asked for industry input into CDISC data standards. 
The primary goal for these standards was to promote 
the development and implementation of data content 
standards throughout the medical product development 
enterprise. This would enable more accurate and efficient 
communication of research processes and results. Today, 
the CDISC data standards have been globally accepted. The 
work of SCDM (GCDMP) and CDISC provides the standards 
for clinical research data integrity. SCDM and CDISC serve 
as the foundation for integrating today’s technological 
changes in clinical research data. They also offer a path for 
the NIH’s Clinical and Translational Science Awards (CTSA) 
to provide innovative solutions in clinical research. Today, 
National Academies of Sciences, Engineering, and Medicine 
(NASEM’s) data sharing initiatives depend on CDM findings 
to ensure clinical research data quality for all.

As noted in this brief history, the role of data 
management professionals in the science of clinical trials 
continues to be central to the integrity of the data relied 
upon as evidence for important public health decisions.

How CDM Work Varies
The most comprehensive definition of data management 
comes from the Data Management Associations 
International (DAMA): “Data Management (DM) is the 
business function of planning for, controlling and 
delivering data and information assets.2” SCDM provides 
the structure for good data management practices. Since 
1998, the standards are reviewed and published in the 
Good Clinical Data Management Practices (GCDMP). 
The business of data management includes not only the 
development, execution, and supervision of plans, but also 
the policies, programs, projects, processes, practices, and 
procedures that are involved in managing the data. This 
requires a system for controlling, protecting, delivering, 
and enhancing the value of data and information assets. 
In the clinical research community, the responsibility for 
this system falls to CDM.

CDM varies across the healthcare research community 
from industry to academia to non-profits. Even the 
definition of a clinical data manager can change 
considerably depending on the setting. As the FDA reminds 
us, the reliability, quality, integrity, and traceability of the 
data are the responsibility of the investigators and data 
managers.3

In industry, CDM is a core function managing all steps 
from the case report form (CRF) design to the delivery of 

https://www.niaid.nih.gov/
https://www.gvsu.edu/cms4/asset/F51281F0-00AF-E25A-5BF632E8D4A243C7/kefauver-harris_amendments.fda.thalidomide.pdf
https://www.phrma.org/en/
https://www.phrma.org/en/
https://scdm.org/gcdmp/
https://scdm.org/gcdmp/
https://www.cdisc.org/
https://www.cdisc.org/
http://www.cdisc.org/sdtm
https://ncats.nih.gov/ctsa
https://www.nationalacademies.org/home
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the clean database. Among the tasks are the programming 
of data listings, programming of edit checks, and coding of 
adverse events and medical history data. Coding requires 
both knowledge of and facility with the International 
Classification of Diseases, Clinical Modification ICD-CM and 
Medical Dictionary for Regulatory Activities Terminology 
(MedDRA®-owned and copyright of International Council 
for Harmonization (ICH)).4

Monitoring of clinical trial data is often a joint effort 
between CDM and Clinical Operations. The FDA and the 
European Medicines Agency (EMA) both offer guidance in 
the collection and monitoring of clinical research data.5,6 
This guidance reflects the FDA and EMA joint work for the 
International Conference on Harmonisation (ICH) on the 
preparation of quality data in clinical research.

For academic medical centers in the US, CDM is the 
cornerstone for all research projects. The projects range 
from small exploratory analyses to large multicenter 
clinical trials. Such projects require the same expertise 
as that in industry. Depending on funding constraints, 
academics may not have available candidates who are 
well-acquainted with the professional demands of DM.4

Biomedical researchers in the academic clinical research 
community do find that data management is the key 
to their research success.7 The data managers/project 
managers provide the infrastructure to gather quality data 
for the project. These managers must overcome problems 
encountered in the development of data collection plans. 
Such problems often include assigning and managing 
tasks and responsibilities for the research project, as well 
as the development of the data collection instruments. 
Thus, they ensure quality biomedical research data that 
can be shared with the entire community.

Unfortunately, in many academic settings, good data 
management is largely undefined and is left as a decision 
for the data or repository owner. CDM processes and 
deliverables in academia need to be identified and 
implemented to realize the goal of providing high-quality 
data. In research settings, the FAIR guiding principles 
of making data “findable, accessible, interoperable, and 
reusable” are indispensable.8

Another source of clinical research and biomedical 
data, and accordingly, a need for CDM leadership, is 
in the real-world data (RWD) found in registries.9 Of 
primary concern when working with registries is the 
lack of knowledge and implementation of standards and 
guidelines in clinical practice.10 These activities impact 
the quality of the registry’s results. For clinical trials, 
registries have several shortcomings. The four most 
cited problems are that (1) registry patients are assigned 
to clinical trials without randomization, (2) registry 
patients are not followed up with in a standardized 
fashion, (3) registries are missing data, and (4) registry 
patient enrollment is less supervised when compared to 
a clinical trial.10 It is believed that including registries in 
CDM practice, providing standards for classification and 
coding, and having consistent definitions would offer a 
powerful set of quality data, as well as an opportunity for 
education for practitioners.

Traditionally, CDM ensures quality data for consumers.11 
In today’s world of automation and interoperability, it 
has become imperative that data consumers develop a 
greater understanding of the data, how it was collected or 
generated, and how it can be used. It is essential that the 
data not be solely defined by the researcher. Consumers 
need to know how to retrieve the data, how to assess its 
quality, and how to have confidence in the data—whether 
it comes from industry, academia, or non-profits.12 The 
entire biomedical community must be a participant in 
CDM activities.

Role of CDM in Biomedical Research
The biomedical research enterprise is dependent on 
high-quality interoperable data to ensure advances in 
healthcare and medical product development.2 CDM 
provides the tools to examine the observations that 
were made by applying reliable evaluation techniques 
to these observations.13 This will lead to a systematic 
and thorough analysis of the data. The entire lifecycle 
of data governance from design of the databases to 
preparation and the instruction of those that are 
capturing and reporting the data must be established. 
Plans for transmittal of the data after cleaning, 
reviewing, and documenting the materials must be 
identified. Finally, proposals for the storage, archiving, 
and presenting of the data must be detailed. The quality 
of data collection and elimination of “noise” and bias 
are essential elements good CDM practice in biomedical  
research.14

In the 21st Century Cures Act, the FDA stressed that 
surveillance and testing capabilities must be improved 
in preparation for future pandemics. The FDA’s Sentinel 
Initiative cites the goal of interoperability of the Sentinel 
Common Data Model. The 2022 “FDA’s Budget: Advancing 
the Goal of the Opioid Crisis” contains funding for digital 
health initiatives and digital health data.15 In all of these 
cases, a strong data management strategy is needed.

Biomedical research findings are dependent on data 
sharing and good data management as detailed in the 
many NIH and NASEM initiatives in response to COVID-
19.16 Technology has driven fundamental changes in CDM 
and biomedical research beyond electronic data capture 
(EDC). Fit-for-purpose data strategies are being developed, 
which focus on what is needed, rather than capturing 
everything that is available.17 Artificial intelligence/
machine learning (AI/ML) technologies are providing 
accelerated database releases, as well as automating 
significant portions of data validation and severe adverse 
event (SAE) reconciliation. These technologies enable 
rapid data transformation to submission-ready datasets 
and run predictive analytics to provide real-time insights 
and to manage risk.

Currently, there are many ongoing efforts at mapping 
and reconciliation of the terminologies that facilitate data 
interoperability.18 There are also a large number of inputs 
from disparate data sources, which must be mapped to 
one another. The data manager is at the center of the drive 
for data quality, tracking and overseeing all the inputs that 

https://www.sentinelinitiative.org/
https://www.sentinelinitiative.org/
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are contributing to the exponential growth in biomedical 
research.

Recruitment, Training, and Education
CDM practitioners can be found along a spectrum, from 
very experienced to novice. These practitioners carry out 
data acquisition, processing, and validation. Many data 
managers are trained on the job through institutionally 
developed training, apprenticeships, or self-learning 
programs. Frequently in academia, each investigator 
must train his or her own data management staff. Such 
training is often highly focused on past practices and 
organizational procedures, rather than on underlying 
theories, principles, and methods that are based on 
evidence.4

The role of the data manager has been evolving from 
that of a data acquisition professional to a clinical 
data manager to a data scientist. The data manager 
has responsibility for including colleagues from other 
disciplines in their pursuit of high-quality data, and the 
data scientist needs new skills, such as programming, 
statistics, data visualization, and analytics.4 They need to 
understand concepts around AI and ML, deep learning, 
and big data to communicate with all stakeholders. 
For risk-based quality management (RBQM) and 
decentralized clinical trials (DCTs), an understanding of 
the concepts and tools associated with the use of eSource, 
data interoperability, and data integration strategies is 
essential.

One of the first steps in CDM education and training is 
how to collect and code the data. How do we improve the 
accuracy of the data abstracted from medical records?19 
Often there is little appreciation for the noise and bias in 
the data.14 Training must address what data is required 
and what is not required. When data is not provided, the 
training needs to show how to specify the explanations 
for the missing data.

Training for coding the data captured involves a sound 
understanding of the terminologies involved, namely ICH 
Medical Dictionary for Regulatory Activities (MedDRA®) 
and World Health Organization – Drug Dictionary 
(WHO-DD). An understanding of the scope, hierarchy, 
coding convention, and best practices is required for 
successful performance of the coding role. The MedDRA® 
Points to Consider (PTC) documents provide a framework 
for industry to develop their own customized best 
practices documents.20 It is important that all individuals 
utilizing the data understand the nuances of terminology 
structure, as well as its limitations.

Quality data are essential for all research projects. Yet 
training in achieving, assessing, and producing quality 
research data is rarely taught.18 Basic tools to plan, 
achieve, and control the quality of research data must 
be given to all informaticists and clinical research data 
managers. Descriptions of error rates and evaluation of 
data quality can vary between training, monitoring, and 
auditing phases of a study.21 Formal guidelines furnish 
all researchers with the tools for improving the efficiency 
of monitoring and the quality of the data captured from 
clinical studies.22

The FDA and EMA offer guidance on RBQM training.23 
This training should include principles of clinical 
investigations and human subject protection. Study-
specific training should cover the trial design, protocol 
requirements, study monitoring plan, and any applicable 
standard operating procedures and study-specific 
electronic systems.

All who are involved in collecting and managing data 
for drug approval need to understand that only quality 
data can support the inferences in the FDA submission.3,21  
Quality data are the key input and directly impact the 
quality of the analysis, retrieval, and presentation data 
output. The data manager coordinates all aspects of 
data quality and depends on the support and training 
of all colleagues in the production of high-quality  
datasets.

Strengths, Challenges, and Regulatory Issues
This section focuses on the unique strengths, challenges, 
and regulatory issues for CDM in the US in ensuring data 
quality in clinical research.

A primary strength of CDM in the US is the invaluable 
leadership that the data managers/data scientists in 
this community, as well as the FDA, provide to ensure 
quality data in medical product development and clinical 
research. A second strength, as well as a challenge, is in 
evidence throughout the COVID-19 pandemic. Without 
the support of CDM, surveillance, testing, and vaccine 
development could not have occurred in record time. 
A third strength is that CDM sits at the center of the 
hub connecting all stakeholders with the materials and 
infrastructure to complete their projects from the design 
of the clinical trial and research study, case report forms, 
and database structure to collection, evaluation, and 
reporting of the data.

A primary challenge at this time is defining a path for 
data management to become a respected data science 
by enumerating the essential components and unique 
perspective for CDM practitioners. A second challenge 
is to include CDM during the design stage of studies, 
including evaluating data standards, data quality, and 
reproducibility of the research.24,25,26 Data collectors at 
research institutions need to be included in training on 
data quality. As terminologies (such as ICD and MedDRA®) 
exponentially increase the term counts and increase the 
scope of what is included, it becomes challenging for data 
management personnel to keep up with and communicate 
the new standards.

The first regulatory issue concerns following FDA 
guidance with respect to Human Subject Protection-
Bioresearch Monitoring (HSP-BIMO).3 The FDA provides 
an outline of how to plan for data quality beginning 
with the design process. Suggested steps are listed 
in the document that would improve the quality of 
research data. A second regulatory issue is in accessing 
and application of updated FDA standards for study 
data submission.27 The responsibility for meeting all 
FDA data requirements falls to CDM. A third regulatory 
issue focuses on using RWD. The introduction of the 21st 
Century Cures Act in 2016 looked beyond the traditional 
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data portals to patient-derived data and other RWD for 
medical products approval.9,28 FDA officials have said that 
RWD can support products if evidentiary standards are 
not lost. CDM must look at not only the methodologies 
used to collect the data, but also the reliability of the 
underlying information.

In conclusion, CDM in the US has come a long way 
in the last quarter of a century. It is truly the center for 
all clinical research activities and for sharing of clinical 
research data. Without valid, reliable clinical data, the 
biomedical research enterprise would likely collapse. The 
new technologies and novel discoveries offer great hope 
for medicine in the 21st century, but quality data is the 
key to their success. CDM requires a competent, well-
trained workforce, where all stakeholders contribute to 
the enterprise, sharing and communicating their findings.

It is essential that existing resources and organizations 
for CDM be optimized. Having collaborations and 
contributions from all stakeholders in formulating a 
cohesive program for future CDM professionals is the 
first step to ensuring excellence in this endeavor. Working 
with the CDM community to identify challenges and best 
solutions will be beneficial for all.
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