
Multidimensional Evidence Generation
and FDA Regulatory Decision Making
Defining and Using “Real-World” Data

Evidence linking interventions with health outcomes
is the basis for good health care decision making. The
widespread use of electronic health records, adminis-
trative claims, and social media and the ubiquity of smart
devices have created “big data” that heretofore have not
been widely utilized. There is substantial enthusiasm for
the use of real-world data sources to generate so-
called real-world evidence (RWE), but confusion re-
mains about what RWE means. Evidence generation is
multidimensional, including data source, study design,
and degree of pragmatism. Real-world evidence is de-
fined by the data source and degree of pragmatism in-
dependent of study design. Generation of RWE there-
fore is not limited to observational studies but also
includes randomized trials conducted in clinical set-
tings. The US Food and Drug Administration (FDA) cur-
rently uses RWE in safety surveillance and develop-
ment of drugs for rare diseases, but there are other
potential applications.

The attraction of RWE is 2-fold. First, the current
clinical trial enterprise, based largely on randomized clini-
cal trials (RCTs), is time consuming, burdensome, and
expensive.1 Real-world evidence is perceived to be a

potential cost saver. Second, RWE is by its nature highly
pragmatic and would therefore be expected to be more
generalizable. The keys to defining RWE are the data
source and degree of pragmatism. Real-world evi-
dence can be generated from any study design as long
as the data source is from routine care and the design is
highly pragmatic, meaning the trial design and conduct
closely approximate the eventual use of the product in
clinical practice. Therefore, RCTs performed within the
health care system, such as the TASTE trial,2 are consid-
ered a source of RWE.

Research studies are either interventional or non-
interventional (observational).3 There are numerous
variations of each based on the major design factors,
including but not limited to research objectives/
hypotheses, selection of study participants, allocation
of interventions, masking of intervention assignments,
data acquisition, and outcome ascertainment. The
National Institutes of Health (NIH) has defined a clinical
trial as a research study in which 1 or more human re-

search participants are prospectively assigned to 1 or
more interventions to evaluate the effects of those in-
terventions on health-related biomedical or behavioral
outcomes. This includes both RCTs and single-
intervention trials. Studies in which individuals are ob-
served with no attempt to affect the outcome are ob-
servational. All of these study designs can have varying
degrees of pragmatism. The principal difference be-
tween observational and interventional studies is in the
allocation of treatment. Many NIH-funded prospective
observational studies (eg, the Framingham Heart Study4)
have provided a rich source of new data that would not
otherwise have been collected in routine clinical care.
These data therefore would not be considered real-
world data (RWD). Nevertheless, the study may also in-
corporate RWD elements through, for example, acqui-
sition of hospital records and mortality data. Registries
are another observational study design that can be based
on patients, diseases, interventions (ie, medical prod-
ucts), or outcomes (eg, the National Death Index). Most
registries are based on data collected as part of routine
or usual patient care without assignment to a specific in-
tervention and can thus be a rich source of RWD; how-

ever, there are registries that generate and
collect protocol-mandated data (not
otherwise collected as part of the pa-
tients’ care) that are not considered RWD.

The study design affects the confi-
dence with which a causal inference
can be established, meaning the ob-
served effect was due to the specified

intervention. Randomization within the context of an in-
terventional clinical trial is intended to balance con-
founders, both known and unknown. Single-interven-
tion trials, by their nature, use external controls for
interpretation and thus are subject to greater confound-
ing. Observational investigations can demonstrate cor-
relation between an action and an effect but can rarely
be used to prove causation.

A literal interpretation of “real world” would in-
clude all measured data as opposed to simulated,
or modeled, data, but that is not common usage. Real-
world data consist of data that are routinely generated
or collected in the course of health care delivery
or otherwise. Thus, electronic medical records and
administrative claims data are excellent sources of RWD.
Additional potential sources of RWD that could be uti-
lized for evidence generation include smart devices, so-
cial media, meteorological data, census data, and socio-
economic data. This is often a contextual distinction
because the same data points, such as blood pressure

Real-world evidence is defined as the
analysis of RWD in a study designed
with a high degree of pragmatism,
regardless of study type.
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levels, could be considered RWD if measured as part of routine care
or not RWD if those data were collected as part of a clinical trial.
There are advantages and disadvantages to the use of RWD for evi-
dence generation. Real-world data are more proximate to the
patient and often include primary source data; however, there is
greater potential for data elements to be missing or collected in an
unstructured fashion because the data are collected for patient
care rather than research.

The application of RWD is not limited to generating RWE.
Real-world data may be combined with traditional clinical trials in a
number of ways to increase their efficiency and reduce costs. Real-
world data may be used to aid in the design of a clinical trial by
assisting in the selection of study sites that are more likely to enroll
study participants, provide a basis for power calculations, provide a
prior for a Bayesian statistical analysis, provide an external control
group, and guide enrichment. Real-world data may also be used
during the conduct of a trial to reduce duplication of data input
such as baseline medical history, automated adverse event report-
ing, and end-point ascertainment. End-point ascertainment may
be the most widespread at this time, such as gathering deaths from
the National Death Index or tumors from a tumor registry.

The level of pragmatism informs the extent to which the
study reflects how an intervention, such as a drug or device,
will be used in clinical practice. Factors that determine pragma-
tism include, among others, elements of study population,
intervention/comparator, setting, and outcome measures.5 Tradi-
tional clinical trials often exclude large groups of the indicated
population through eligibility criteria, disallowed concomitant
medications, and restrictions on rescue medications. Moreover,
comparators may not be consistent with standard of care and the
settings not reflective of routine patient care. These issues could
be addressed through less restrictive trial designs, such as prag-
matic trials using randomization within the health care system.
Nevertheless, the results of RCTs are not always discordant to

that of observational studies performed in clinical settings.6

Moreover, observational studies sometimes use strict inclusion
criteria that reduce pragmatism, making them less “real world”,
and more recent interventional trials are designed with broader
inclusion criteria, making them more pragmatic.

It would be easier to define RWE if there was a clear dichotomy
between real world and non–real world, but in actuality the 2 exist
on a continuum. The 21st Century Cures Act defines RWE as evi-
dence derived from “data regarding the usage, or potential benefits
or risks, of a drug derived from sources other than randomized
clinical trials.”7 This can be interpreted to mean that the source of
the data for RWE cannot be derived from protocol-generated case
report forms used in traditional clinical research, rather than that
RWE cannot be generated in the context of randomization. The lat-
ter interpretation would allow for the use of traditional single-
intervention clinical trials to generate RWE, which was not the
intent of Congress.

The FDA uses RWE for regulatory decisions, albeit primarily
related to safety. Nevertheless, for some drugs, the demonstration
of efficacy has been based on RWE from case series or registries.8

These applications have in common the following features; the
drug treated a rare disease for which a randomized study may not
have been feasible, and both the pathophysiology and natural his-
tory of the disease were well enough understood to lend confi-
dence in establishing causality.

Real-world evidence is defined as the analysis of RWD in a
study designed with a high degree of pragmatism, regardless of study
type. A wide variety of study designs can be used to generate this
evidence, including pragmatic RCTs. Many questions about a drug
remain unanswered at the time of approval; some of them involve
optimal dosing regimen, longer-term outcomes, and outcomes in
various subpopulations. It is not feasible to answer all of these ques-
tions with traditional RCTs. Using RWE to begin to address these
questions is preferable to having no evidence whatsoever.
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