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Abstract
Real world data (RWD) are data relating to patient health status and/or the delivery of health care routinely collected from a
variety of sources; real-world evidence (RWE) generated by RWD analyses can become an important component of drug
development programs and, potentially, regulatory decision-making. As a RWD source, electronic health records (EHRs)
can now provide patient-level data at unparalleled depth and granularity. We propose a RWE generation framework that
could maximize the synergy between RWD and prospective clinical trials by capitalizing on an emerging data curation infra-
structure that may be applied to both retrospective and prospective research. In this platform, centralized data collection and
monitoring could be enabled via routine EHR use, and seamlessly integrated with select intentional data capture during
prospective study periods. By bridging the divide between routine care and clinical research, this integrated platform aggre-
gates retrospective and prospective data, collected both routinely and intentionally. This approach makes clinical trial par-
ticipation more available to patients, increasing the potential depth of data, representativeness and efficiency of clinical
research.
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Introduction
Epidemiologic studies based upon real-world data (RWD)
have been common since the 1950s, but recently, they are
becoming more than descriptive and hypothesis-generating.
RWD, related to patient health status and/or the delivery of
health care, are routinely collected from a variety of
sources, such as electronic health records (EHRs) or regis-
tries (Figure 1A).1,2 Real-world evidence (RWE), generated
by analyzing RWD, provides insights into a disease’s
natural history and the potential benefits or risks of a
medical intervention. RWD are now an important compo-
nent of drug development programs and regulatory
decision-making3–7 via the application of new research
designs, technologic and analytic innovations, and the
acknowledgment of societal norms governing research
use of patient data. This article focuses on a therapeutic
area of high unmet need, oncology, as case in point to
propose an RWE generation platform that recognizes a

continuum between retrospective and prospective research,
challenging the historical distinctions between the two, in
an effort to accelerate patient-oriented research. This plat-
form could enable centralized data collection and monitor-
ing, intentional data capture outside of routine clinical care
(e.g. genomic data), and permit prospective data collection
during an active study period followed by seamless and light-
weight long-term follow up, with low burden for clinical trial
sites and investigators. Bridging the divide between routine
clinical care and clinical research would increase the effi-
ciency of the evidence generation process and the generaliz-
ability of resulting learnings, and would expand clinical trial
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participation opportunities for investigators and patients.
While we use oncology as our example, this approach is
broadly applicable to other disciplines.

In the current oncology landscape, the exponential
growth of scientific knowledge and new therapies has led
to redefinition of diseases, and information-intensive clin-
ical decision-making, research questions and designs.
While prospective trials are the research gold standard, ran-
domized controlled trials (RCTs), with their narrow scope,

may not provide the best estimates of the real-world effect-
iveness of an intervention.8 RWE can unlock information
about routine care in both broad and hard-to-accrue rare
populations.9

EHR-derived RWE can be used to complement traditional
clinical trial-based research. EHR infrastructure facilitates both
patient management and the capture of comprehensive longitu-
dinal data with depth and quality not previously available.
Upon this infrastructure, retrospective and prospective

Figure 1. In the proposed platform and for each individual patient, longitudinal research data streams can overlay routinely collected and
intentionally collected data, obtained retrospectively and prospectively (A), and the access to those two layers of data may be governed by
informed consent and privacy boundaries (B).
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collection of data fit-for-purposemay be integrated into a single
platform for evidence generation, capturing information on
representative real-world populations with increased data
depth and completeness. This integration requires a new
RWD taxonomy that introduces the concept of intentional
versus routine data collection (Figure 1A). Whereas observa-
tional research typically focuses on collection of routine care
data, intentional collection of additional data elements and clin-
ical activities may enable investigations not otherwise feasible
with routinely-collected RWD alone. This approach may
encompass more complete capture of routinely collected data
elements (i.e. diagnosis date, functional status), capture of non-
routine elements (i.e. adverse event grading, patient reported
outcomes, genomic data), and prespecification of activities
(i.e. timing of assessments), all achieved through efforts includ-
ing site training, new workflows, and ability to query sites to
address incomplete or missing data. As discussed below, a dif-
ferent approach to informed-consent may also be required.

Seamless retrospective-prospective data collection
recognizes that many clinical parameters collected in clin-
ical trials are components of routine care, thus enabling a
single infrastructure for data collection and processing
(Figure 1B). Research data elements and activities outside
of routine care would be collected intentionally in
“routine/intentional” data collection designs.

For example, a dataset to analyze genomic correlates of
response to therapy would require, at a minimum, informa-
tion on disease and treatments, clinical outcomes, and
genomic information. While retrospective routinely col-
lected data could provide a great deal of evidence, the avail-
ability of this information for all eligible patients may be
limited. With prospective intentional data capture, missing
or unclear data could be queried as needed, and samples
could be collected for study-specific genomic analyses. In
addition, the timing of disease assessments, e.g. CT scans,
could be prespecified, thereby mitigating surveillance
bias.10,11 Depending on the research goal, additional data
sources could be layered on, including collection of patient-
reported outcomes. In this way, one can dial up or down the
depth of information on a fit-for-purpose basis. In addition,
structured data prompts could be integrated into the EHR
workflow to optimize data completeness.12

Key features of a new RWE generation platform
Closing the gap between retrospective RWE and the ‘con-
trolled clinical trial’ approach requires a research infrastruc-
ture that incorporates the following critical features.

Common data model

A common data model would accelerate integration across
data sources and ultimately the research process itself.
Defined by shared language and a standardized set of
schemas, this would eliminate the inefficiency of having

to transform data for each use across sources. Common
data model features include data element names and attri-
butes, and metadata features. It will be important to create
a structural framework that maps both structured and
unstructured data to the same standardized source-agnostic
format. In order to address the challenges of consolidating
data models, it may be wise to focus initially on discrete
therapeutic disciplines. For instance, efforts to develop
and promote adoption of a common oncology data model
are underway.13,14 But, ultimately, this type of platform
could be functional across disciplines and therapeutic set-
tings, with the capability to answer multidisciplinary and
holistic clinical research questions.

Data quality

Quality standards will be necessary in the integration of het-
erogeneous sources. All data sources, both individually and
aggregated together, must be deemed relevant and reliable.
Regulatory-grade RWE checklists have been proposed for
characterizing and communicating about real-world data
quality;15 the continued development of a data quality ‘dic-
tionary’ will enable greater characterization of RWD rele-
vance and quality. It will also be important to track how
changing standards of care and technologies, or healthcare
system disruptions (e.g. the COVID-19 pandemic), affect
the quality of the data over time. This type of data steward-
ship entails centralization once data are collected, for
quality control and curation purposes.

Analytic guidance

RWD is generally collected with research as a secondary
goal, therefore analytic challenges related to data quality
(including missingness) and bias are to be expected16 and
appropriate methodological approaches are needed to miti-
gate their impact. Strategies such as simulation studies or
sensitivity analyses can be included in instances where
external factors may threaten the internal validity of a
dataset. Scientific questions and hypotheses must be trans-
parent, with pre-specification as a guiding principle for
cohort selection and analytical plans.17 Throughout this
process, clinical perspective is key to maintain research
relevance, configure analytic guidances, and contextualize
results, both for their impact and their potential limitations.

Regulatory framework

Combining routine and intentional data collection will
mandate careful consideration of the statutes, regulations
and ethical principles governing the utilization of personal
health information for research purposes. This type of RWE
generation platform merges into a single continuum disparate
scenarios, where data access for research purposes is regulated
differently. Data collected intentionally under pre-specified
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protocols is typically accessed under ‘informed consent’,
where patients agree to the research use of fully identifiable
data for project-specific purposes. On the other hand, more
general privacy regulations (such as the US Health
Insurance Portability and Accountability Act [HIPAA]18 and
the EU General Data Protection Regulation [GDPR]19)
usually dictate access terms for identifiable information col-
lected during routine medical care. For individual studies,
these considerations will be orchestrated by the institutional
review board (IRB) or ethics committee approval process.
Therefore, our proposed integrated RWE platform will have
to (a) navigate potential transition points between routine
privacy and informed-consent settings, and (b) devise techni-
cal means to differentiate data collected intentionally and rou-
tinely, possibly via metadata tags, in order to guarantee
appropriate research use and interpretation. The suitability of
data collection and research access from a regulatory and
ethical perspective provides an additional input into whether
a RWD set is appropriate for a specific investigation.

Conclusion
Digital capture of health information and technologies that
enable efficient curation have created an opportunity to
develop a comprehensive data platform that can draw from
the strengths of both retrospective and prospective data col-
lection -- merging representativeness and scale with clinical
depth and standardization. The seamless integration of clin-
ical data from routine clinical care, plus intentionally-
collected incremental information related to specific research
questions, will help bring clinical practice and research closer
together and enhance the ability of clinicians and patients to
participate in research. From a logistical vantage point, the
development of new capabilities to process, analyze, and
optimize quality control of RWD is critical to achieve this
goal. A number of multidisciplinary challenges will have
to be addressed by clinicians, public health authorities, bio-
medical researchers, technology companies, the pharmaceu-
tical industry, and patients. Maintaining clinical, scientific,
and ethical safeguards that ensure optimal patient care and
privacy protection is paramount, and will require proper
research and regulatory standards. This new integrated
RWE generation platform has the potential to increase the
availability, depth, representativeness, and the efficiency of
clinical research, and ultimately improve patient care.
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