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Research Patient Data Repositories (RPDRs) have become essential
infrastructure for traditional Clinical and Translational Science Award
(CTSA) programs and increasingly for a wide range of research con-
sortia and learning health system networks.'™ Almost every institu-
tion with a CTSA or Clinical Translational Research (CTR) program
(found in states with lower amounts of National Institutes of Health
funding) hosts an RPDR for the benefit of affiliated researchers. These
repositories aim to enable healthcare research based upon the patient
populations they serve. Within the institution, RPDRs are valuable for
a range of research activities. They are used to identify patients for
clinical trial recruitment using privacy-preserving methods to search
and extract specific cohorts of trial-eligible patients.® They aid in de-
veloping and validating computable phenotypes that are increasingly
important for accurately identifying patient cohorts in a reproducible
fashion.” RPDRs provide de-identified patient data for population
health research and support a growing body of artificial intelligence to
predict patient outcomes.® Further, clinical studies can often be simu-
lated using data from an RPDR.’ Beyond the institution, aggregates of
de-identified datasets from multiple institutions linked with privacy-
preserving hash codes provide an unprecedented opportunity to con-
duct population health research, perform comparative effectiveness
analyses and apply artificial intelligence methods over large and di-
verse populations.'® The data contained within the RPDR vary across

institutions, based on institutional strengths and weaknesses; the
papers published in this issue reflect that variability (see Table 1).
Data are commonly acquired from local electronic health records
(EHRs) and other clinical information systems that capture informa-
tion during clinical care. Data consist of diagnoses, problem lists, pro-
cedures, prescribed medications, laboratory exams, and many types of
free-text reports. Overall, the benefits of the RPDR for accelerating
translational research can be significant. For example, at Harvard, in
2006, between $94 and $136 million in annual research funding was
linked to the use of data from the RPDR.""

This focus issue of JAMIA describes some of the current research,
approaches, applications, and best practices for RPDRs comprising
11 research and applications papers'>~? and 4 case reports”> 2 (see
Table 1). Ten of the papers describe RPDRs, and 5 describe gover-
nance, regulatory and technical issues related to RPDRs. The scope
of the papers ranges from a single site to regional to US-wide (2, 7,
and 6 articles, respectively). The number of patients in the RPDRs
ranges from 125K to 24M, of which 7 include privacy-preserving
features, and 1 contains data from natural language processing
(NLP). Commonly used data models (CDMs) in the RPDRs include
the Observational Medical Outcomes Partnership (OMOP) CDM,?”
the National Patient-Centered Clinical Research Network’s (PCOR-
net’s) CDM,® and the Accrual to Clinical Trials (ACT)* and Tri-
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NetX® CDMs that are based on the Informatics for Integrating Biol-
ogy & the Bedside (i2b2) platform.”

A key emerging innovation is the adoption of cloud technology
for RPDRs. Knosp et al*! surveyed 20 CTSA hubs and found that 2
hubs had completely migrated their RPDRs to the cloud and several
others were considering moving their RPDRs to the cloud. Three
other papers describe approaches, advantages, and challenges of
implementing RPDRs in the cloud.'®!>!” Barnes et al'” offer an ap-
proach to RPDRs that is focused on sharing and integrating data for
large-scale research projects, using the Amazon Web Services (AWS)
to create a distributed data commons. Common workspaces can be
created where datasets from multiple sources can be accessed
through common authentication and analyzed with preconfigured
tools, including Jupyter and R notebooks. A limitation of this ap-
proach is that the researchers must harmonize data across the differ-
ent data models, although the datasets contain common data
elements, use controlled vocabularies, and adhere to other standards.

Anticipating what may become a common architecture for RPDRs,
Kahn et al'> describe opportunities and challenges of migrating a large
RPDR with administrative, clinical, genomic, and population-level
data from on-premises infrastructure to the Google Cloud Platform.
While the cloud offers advantages such as inexpensive storage, auto-
matic backups, and secure analytic environments, a variety of issues
have to be carefully evaluated to enable smooth migration from on-
premises infrastructure to the cloud. The Extract, Transform and
Load (ETL) processes may need redesigning due to movement of large
data volumes across routers and networks, and realizing cost savings
requires organizational changes that may be difficult to implement.

Waitman et al'* describe how cloud technology facilitates multi-
institutional research. The Greater Plains Collaborative (GPC) Reus-
able Observable Unified Study Environment (GROUSE) is imple-
mented on AWS and integrates EHR, claims, and tumor registry data
from 7 healthcare systems. Using GROUSE, the authors demonstrate
that clinical data may sometimes allow for more precise inferences
than coded data; for example, obesity is more accurately inferred
from body mass index measures compared to diagnostic (ICD-10)
codes. However, comorbidities associated with obesity such as diabe-
tes and sleep apnea are more accurately inferred from diagnostic
codes. This article outlines GROUSE’s governance, architecture, and
compliance components and describes interagency agreements that
facilitate health system collaboration, and that ensures security and
privacy policies align with federal requirements.

The papers in this issue aptly illustrate that RPDRs are a diverse,
vibrant ecosystem that collaboratively and progressively enhances
national health research infrastructure. This infrastructure has been
invaluable in investigating the COVID-19 pandemic.®**-° What are
the future directions for RPDRs? Assuming support for the current
funding for data curation at individual site RPDRs is continued by
the 2 primary funding agencies for these activities, the Patient-
Centered Outcomes Research Institute (supports PCORnet)>3! and
the National Center for Accelerating Translational Science (NCATS)
at the National Institutes of Health (supports N3C? and ACT*) one
would expect expansion in the depth and breadth of data available in
these networks. PCORnet** and N3C are in the process of expanding
the deployment of privacy-preserving record linkage systems that
will allow the integration of data from individual RPDRs across net-
works using the encrypted hashed identifiers. Even so, the data in
RPDRs could be broader and more representative of the national
healthcare system. Advances in application programming interfaces
to access data EHRs brought about by the 21st Century Cures Act>®
and expansion of the United States Core Data for Interoperability
(USCDI) Standards®* to reflect research data needs may make it pos-
sible for a broader range of health systems to contribute data to

RPDRs. One area that requires further policy development is
expanding health information exchange for research. Currently, the
governance for the National Health Information Network (NHIN)
acknowledges the importance of health information exchange for re-
search, but does not support it within its Trusted Exchange Frame-
work and Common Agreement (TEFCA).>® Access to data from
multiple providers through a TEFCA process for research studies
could remove many gaps that limit the completeness of patient-level
health information in RPDRs. However, further policy development
is needed by the Office of the National Coordinator for Health Infor-
mation Technology (ONC) and TEFCA’s Recognized Coordinating
Entity (the Sequoia Project), to achieve this capability.

Paradoxically, national standards that improve access to data for
research from the health system might seem to obviate the case for
RPDRs, where they may seem less needed when EHR data are uni-
versally available in standardized formats and by protocols such as
bulk Fast Healthcare Interoperability Resources (FHIR).>® In this
setting, funders might want to centralize data resources to reduce
costs, creating a monoculture based on cloud infrastructure. The
N3C Data Enclave illustrates this approach on the cloud, which uses
central resources to normalize data and provide access to data sets
and analytics in a cloud environment operated by a government con-
tractor.” This “monoculture,” particularly if controlled by a private
contractor, might stifle the types of innovative work detailed in this
issue. Furthermore, much of the benefit of the RPDR is achieved
through local hospital connections. RPDRs greatly assist recruit-
ment of patients for clinical trials through processes local to the hos-
pitals where the trials are being conducted. Engagement of clinical
researchers from hospitals and medical centers occurs mostly at the
local level, where they can decide on priorities for data ETL and
data aggregation. Taking Protected Health Information (PHI) out-
side of hospital entities is greatly limited by the Health Insurance
Portability and Accountability Act but necessary to validate data in
the EHR through chart review. A centralized architecture may or
may not be more efficient but is certainly less diverse and provides
fewer opportunities for research in RPDR methods than alternative
federated approaches used in PCORnet and ACT.

Further, many technical challenges remain in the curation and
delivery of healthcare system data for research which might be best
addressed initially in a diverse competitive ecosystem and greatly en-
hance the capabilities and potential health impacts of RPDRs. Fur-
ther development is required to integrate NLP technology, and
corresponding integration of NLP abstracted data into RPDRs
requires further development. While many NLP systems are being
developed in the context of RPDRs, there are few standards for rep-
resenting data that is the product of NLP systems. Broad dissemina-
tion of NLP technologies may require further algorithm research,
standardized tool kits, and standards for target concepts for abstrac-
tion. NLP abstracted data, being derived from algorithms, may also
require the representation of the precision of abstraction within
RPDRs to fully support its use in research studies. Integrating EHR
data with hospital clinical trials and clinical studies is a further area
of research that requires new methods and development. Such meth-
ods may overcome some of the limitations in data collection from
case report forms and provide new ways to conduct the studies.

The representation of genomic data with clinical data in RPDRs is
another area where additional development is needed. Papers pub-
lished in this issue describe the use of i2b2 ontologies for the represen-
tation of genomic data variation and association data.'®*> The size
and complexity of representation of gene variant data and single nucle-
otide polymorphism associational data as well as other ‘omics’ data, in
association with clinical data on phenotypes, makes standardization of
data representations for queries difficult. While there is evolving work
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on architectures®® and standards supporting this,>” the models for rep-
resentation may need further maturation to support standardized data
queries and federation of data across RPDRs in a network.

Overall, the collection of papers in this issue demonstrates the
value of a diverse program supporting institutional level RPDR de-
velopment. Ongoing support for diversity in RPDRs at individual
institutions creates opportunities to advance that field that would be
difficult to achieve in a more centralized monoculture. As also
shown in the paper by Pfaff et al,?° integration of these data resour-
ces, when necessary for specific national-level programs, is feasible
and strengthens the ecosystem of RDPRs as a whole.
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