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1

Introduction1

Randomized controlled trials (RCTs) have traditionally served as the 
gold standard for generating evidence about medical interventions. How-
ever, RCTs have inherent limitations and may not reflect the use of medi-
cal products in the real world (e.g., specific therapeutic interventions may 
perform differently within different patient cohorts based on age, gender, 
race, ethnicity, disease severity, comorbidities, or polypharmacy). Addition-
ally, RCTs are expensive, time consuming, and cannot answer all questions 
about a product or intervention. Evidence generated from real-world use—
based on sources such as patient registries, electronic health records (EHRs), 
and medical claims data—may provide valuable information, alongside 
RCTs, to inform medical product decision making. This supplemental (or 
complementary) information is generally based on analysis of information 
gathered in the “real world” of routine clinical practice outside of a tightly 
controlled RCT. As standards and rigor for the collection and analysis of 
real-world data (RWD) evolve and improve over time, stakeholders will 
have the opportunity to explore new areas for which RWD and real-world 
evidence (RWE) may be used to answer scientific questions and guide more 
effective and cost-efficient medical product decision making.

1  These workshops were organized by an independent planning committee whose role was 
limited to planning the workshops, and the Proceedings of a Workshop Series was prepared by 
the workshop rapporteurs and staff as a factual summary of what occurred at the workshops. 
Statements, recommendations, and opinions expressed are those of individual presenters and 
participants, and are not necessarily endorsed or verified by the National Academies of Sci-
ences, Engineering, and Medicine, and they should not be construed as reflecting any group 
consensus.
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Regulatory agencies and medical product sponsors are increasingly 
interested in incorporating RWE into their programs. For example, the 
U.S. Food and Drug Administration (FDA) has committed, in both the 
Prescription Drug User Fee Act VI (for drugs and biologics) and the Medi-
cal Device User Fee Amendments IV (for devices), to developing policies 
that support the use of RWE in medical product evaluation (see remarks by 
Mark McClellan, director of the Duke-Margolis Center for Health Policy, 
in Chapter 1 and by Rachael Fleurence, executive director of the National 
Evaluation System for health Technology [NEST] Coordinating Center in 
Chapter 3). Medical product developers are already successfully using data 
sources such as registries and techniques such as historical comparator arms 
to earn marketing authorization (see remarks by Fleurence in Chapter 3; 
Scott Gottlieb, commissioner of FDA, in Chapter 1; Janet Woodcock, 
director of FDA’s Center for Drug Evaluation and Research [CDER], in 
Chapter 5; Steven Anderson, director of the Office of Biostatistics and 
Epidemiology at FDA’s Center for Biologics Evaluation and Research, in 
Chapter 10; Jacqueline Corrigan-Curay, director of the Office of Medical 
Policy at CDER, in Chapter 10; Jeff Shuren, director of FDA’s Center for 
Devices and Radiological Health, in Chapter 10; and speakers throughout). 
Furthermore, FDA has supported projects that are designed to incorporate 
RWE into its decision-making and safety monitoring processes, such as 
Sentinel (see remarks by Richard Platt, professor and chair in the Harvard 
Medical School Department of Population Medicine at the Harvard Pilgrim 
Health Care Institute, in Chapter 3). Moreover, the recently enacted 21st 
Century Cures Act mandates that FDA develop a framework for using RWE 
in support of new indications and to satisfy postapproval studies. Europe 
is likewise engaged in developing policies and infrastructure to support 
additional use of RWE. The European Medicines Agency is developing the 
EudraVigilance network for safety monitoring and reporting and the Adap-
tive Licensing pathway for product marketing authorizations (see remarks 
by Alasdair  Breckenridge, emeritus professor of Clinical Pharmacology at 
the University of Liverpool, in Chapter 10). The European Union and the 
regulated industry are supporting several RWE initiatives through the Inno-
vative Medicines Initiative (see remarks by Breckenridge and Pall Jonsson, 
associate director of Research and Development at the United Kingdom’s 
National Institute for Health and Care Excellence [NICE], in Chapter 10).  

To explore the potential for using RWE in medical product decision 
making, an ad hoc workshop planning committee of the National Acade-
mies of Sciences, Engineering, and Medicine planned a three-part workshop 
series, sponsored by FDA and hosted by the National Academies’ Forum on 
Drug Discovery, Development, and Translation (see Box 1-1 for the State-
ment of Task). The series was designed to examine the current system of 
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BOX 1-1  
Workshop Series Statement of Task

An ad hoc committee of the National Academies of Sciences, Engineering, 
and Medicine will plan and conduct a three-part workshop series to be held over 
the course of a 2-year period. As part of the Food and Drug Administration’s 
(FDA’s) continued focus on building a national governance system for evidence 
generation, the proposed focus of these workshops will be on the generation and 
utilization of real-world evidence (RWE) to evaluate efficacy, effectiveness, toler-
ability, and safety for both review of new indications and postapproval studies. 
These workshops would include presentations and perspectives from thought and 
knowledge leaders representing a range of disciplines, including but not limited 
to federal regulatory and funding agencies, clinical and academic medicine and 
research, medical professional organizations, the regulated biopharmaceutical 
industry, patients and patient-focused and disease-advocacy organizations, pay-
ers, consumer organizations, health systems, and other interested stakeholders 
that represent the myriad views of those involved in drug, biologic, and device 
discovery, development, translation, and regulation. The workshop audiences are 
expected to be similarly diverse, and they will have opportunities to engage in 
discussion during the workshops. The objectives of the workshops are 

•  To advance discussions and common knowledge among key stake holders 
(including FDA and the public) about complex issues relating to the gen-
eration and utilization of RWE; and 

•  To foster development and implementation of the science and technology 
of RWE generation and utilization. 

Topics to be covered at the workshop include 

•  Aligning incentives and addressing barriers to support collection and use 
of high-quality evidence derived from real-world data sources in health 
product review, payment, and delivery; 

•  Definitions surrounding the core components of RWE; 
•  Sources of data that are curated, standardized, and analyzed to  derive 

RWE, such as safety surveillance, observational studies, registries, claims, 
or patient-centered outcomes research; 

•  Gaps in data collection activities, and priority areas and pilot opportunities 
that RWE incorporation could address; 

•  Standards and methodologies for collecting and analyzing RWE in sup-
port of new indications or postapproval studies, and the circumstances 
under which that evidence could be applied; 

•  Applications for using RWE to supplement traditional clinical trials, 
 pragmatic/effectiveness trials, or routine clinical applications; 

•  Mechanisms for determining which discrete types of RWE could support 
regulatory decisions; and 

•  Operational challenges and barriers for generating and incorporating 
RWE in the context of a learning health system and how clinicians can 
best be involved in the collection and utilization of RWE.
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evidence generation and its limitations, to identify when and why RWE may 
be an appropriate type of evidence on which to base decisions, to learn from 
successful initiatives that have incorporated RWE, and to describe barriers 
that prevent RWE from being used to its full potential. Issues regarding 
RWE unrelated to evidence development, use, and application were not 
discussed in detail during the series. 

At the first workshop, held in September 2017, participants heard 
from stakeholders—patients, providers, and payers—about what kind of 
data they need to make decisions, and explored how to generate this “fit-
for-purpose” evidence. Researchers who have successfully used RWE in 
their work were invited to share their successes, and workshop speakers 
and participants discussed the challenges and misaligned incentives that 
prevent RWE from being used more widely. Finally, speakers presented 
their perspectives on the shortcomings and limitations of the current sys-
tem of evidence generation, and discussed how integrating RWE into the 
system could improve decision making for medical product development 
and evaluation. 

The second and third workshops, held in March and July 2018, focused 
on illuminating when it may be appropriate to use RWE and which ques-
tions RWE may help address, and identifying key questions that stake-
holders might consider when collecting or using RWE. These questions 
were used to draft RWE study design decision aids; the aim of these decision 
aids was to help stakeholders make thoughtful choices about the develop-
ment and design of studies involving RWE. 

The decision aids (discussed in Chapters 6 through 9) served as a 
starting point for discussions at the third workshop, and were informed 
by discussions that took place during the first and second workshops in 
this series. The decision aids were drafted by some individual participants 
of the first and second workshops, with additional input by attendees of 
the third workshop. The decision aids were developed to guide discussion 
at the third workshop, and they may also be useful in helping workshop 
 attendees and other stakeholders think about and evaluate opportuni-
ties to use RWD and RWE for medical product decision making and 
make informed choices about the design of prospective or retrospective 
 studies, primarily for regulatory review (akin to clinical decision aids that 
are designed to help patients make informed decisions about treatment 
options). There are no right or wrong answers to a given question. Instead, 
the decision aids lay out key questions for stakeholders to consider early 
on to help make thoughtful choices about the development and design of 
rigorous, but manageable, RWE studies that relevant parties (e.g., patients, 
clinicians, researchers, sponsors, regulators, payers) agree in advance will 
generate reliable results. 
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The questions in the decision aids aimed at capturing relevant infor-
mation about the potential risks associated with either the treatments 
themselves or trade-offs associated with particular decisions; costs in terms 
of monetary investment, time investment, and/or patient and clinician 
investment; and reporting and transparency expectations for showing 
study methods and results. The decision aids can be further modified and 
refined to be broadly applicable across study types (e.g., studies on medical 
products to treat prevalent chronic diseases), account for different types 
of data sources (e.g., EHRs, claims data, patient-generated data), and 
“future-proofed” to accommodate new sources of data going forward 
(e.g., data from mobile devices, the Internet of things). The decision aids 
were divided into four topic areas: 

1. When a particular RWD element is fit to assess study eligibility, 
treatment exposure, or outcomes; 

2. Considerations for obscuring intervention allocation in trials to 
generate RWE; 

3. Considerations for controlling or restricting treatment quality in 
real-world trials; and 

4. Assessing and minimizing bias in observational comparisons.

At the third workshop, speakers and participants used the decision 
aids to explore the four topic areas and used case studies to explore and 
illuminate the practical, ethical, technological, and scientific issues that 
arise when designing RWE studies for decision making. Throughout the 
workshop series, attention was paid to how evidence is used in regulatory 
decision making, and how RWE may be incorporated into this process.

This workshop proceedings was prepared by rapporteurs in accor-
dance with National Academies guidelines, and is a summary of the dis-
cussions held during the three workshops. The proceedings is divided 
into 10 chapters. Chapter 1 introduces the topic and frames the work-
shop series; Chapter 2 presents various stakeholder perspectives on RWE; 
 Chapter 3 discusses successful examples of the use of RWE in research; 
Chapter 4 discusses barriers and disincentives to the use of RWD and 
RWE; and Chapter 5 considers RWE in the context of the current evidence-
generation system. Chapters 6 through 9 focus primarily on in-depth 
discussions from the second and third workshops. Chapter 6 discusses the 
use of RWD; Chapter 7 discusses treatment quality in real-world research; 
Chapter 8 focuses on obscuring intervention allocation; and Chapter 9 dis-
cusses observational data research. Chapter 10 concludes the proceedings 
and describes topics that were discussed throughout the workshop series. 
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DEFINING THE TERMS

For these proceedings, definitional terms used by other organizations 
and descriptions of RWD and RWE that emerged over the workshop series 
are outlined here. Gregory Simon, senior investigator at Kaiser  Permanente 
Washington Health Research Institute, said it is essential to establish a com-
mon language to describe RWD and RWE in order to discuss and potentially 
change the paradigm of evidence generation. However, he said, RWD and 
RWE are not easy to define, and different institutions use varying definitions 
(see Box 1-2). First, said Simon, it is important to differentiate between 
RWD and RWE: RWD is a necessary, but not sufficient, condition to produce 
RWE. Simon said that while RWE is sometimes thought of as “everything 
but a randomized trial,” this is not accurate: RWE can sometimes involve 
randomization, and not all non-RWE is randomized. A better way to think 
about RWE, said Simon, is to identify its core characteristics: 

• RWE is generalizable: The answers available through RWE will 
generally be true if they are implemented in the future.

• RWE is relevant: It seeks to directly provide information that 
stakeholders need to make decisions. In other words, RWE is “fit 
for purpose,” meaning that the evidence is capable of answering a 
research question, regardless of its source. 

• RWE is adaptable: When evidence is generated in the real world, 
by necessity it incorporates the broad heterogeneity of real patients 
and real providers. 

• RWE is efficient: Evidence can be produced more quickly and at a 
lower cost than traditional methods. 

Mark McClellan, director of the Duke-Margolis Center for Health 
Policy, offered the definitions of RWD and RWE that were developed 
through the work of a collaborative agreement between FDA and the Duke-
Margolis Center. RWD are “data relating to patient health status and/or 
the delivery of health care routinely collected from a variety of sources.” 
RWE, said McClellan, is “evidence derived from RWD through the appli-
cation of research methods.” In the specific context of RWE for regulatory 
applications, RWE can be further defined as “clinical evidence regarding 
the use and potential benefits or risks of a medical product derived from 
analysis of RWD.”

McClellan said there is a common misconception that RWD simply 
means observational data. He stressed that the key characteristic of RWD is 
not about the research method used, but instead pertains to the provenance 
of the data. RWD are data that are “part of the routine delivery of care,” 
such as clinical records or insurance claims. In addition to these clinical 
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BOX 1-2  
Definitions of Real-World Data and Real-World 

Evidence from Various Stakeholders

There is no consensus on the definitions of real-world data (RWD) and real-
world evidence (RWE), and different institutions describe and use these terms 
differently:

•  21st Century Cures Act: RWE is “data regarding the usage, or the 
potential benefits or risks, of a drug derived from sources other than 
traditional clinical trials” (21 U.S. Code § 355g).

•  U.S. Food and Drug Administration: RWD are the data relating to 
patient health status and/or the delivery of health care routinely collected 
from a variety of sources. RWE is the clinical evidence regarding the 
usage and potential benefits or risks of a medical product derived from 
analysis of RWD (https://www.fda.gov/scienceresearch/specialtopics/ 
realworldevidence/default.htm, accessed December 17, 2018). 

•  Eli Lilly and Company: RWE is one form of evidence (along with ran-
domized controlled trials [RCTs], health economics studies, etc.) derived 
from primary or secondary real-world data sources, with appropriate 
design/analyses, for the purpose of providing insights, on diseases, medi-
cines, patient populations, and health care practices, that will inform cus-
tomer and internal decision making (Yaist presentation, July 17, 2018).

•  Innovative Medicine Initiative’s GetReal consortium: “RWD” is an 
umbrella term for data regarding the effects of health interventions (e.g., 
benefit, risk, and resource use) that are not collected in the context of 
conventional RCTs. Instead, RWD are collected both prospectively and 
retrospectively from observations of routine clinical practice. Data col-
lected include, but are not limited to, clinical and economic outcomes, 
patient-reported outcomes, and health-related quality of life. RWD can 
be obtained from many sources, including patient registries, electronic 
medical records, and claims databases (Goettsch and Makady, 2015).

•  International Society for Pharmacoeconomics and Outcomes 
 Research: RWD are data used for clinical, coverage, and payment 
decision making that are not collected in conventional RCTs (Berger et 
al., 2017).

data, RWD also can include patient-generated data that are not part of an 
encounter with the health system, for example, data from a smartphone. 
Turning RWD into RWE is not an automatic process, said  McClellan; it 
requires working with the data and applying appropriate research  methods 
to turn the data into quality, useful evidence. Research methods may include 
randomized trials, prospective or retrospective approaches, observational 
approaches, and cluster randomization. These methods are used to turn a 
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deluge of data—RWD—into evidence that is fit for purpose for a specific 
application, RWE. 

Eleanor Perfetto, senior vice president of strategic initiatives at the 
National Health Council, added that the difficulty in defining RWD and 
RWE is contributing to confusion in the patient advocacy community. 
Patient advocates and individual patients are interested in using RWE to 
make medical decisions and to advocate for regulatory and payment deci-
sions, but the confusion over terms is making it difficult for them to fully 
understand what RWE is (and is not), and to understand the benefits and 
limitations of RWE. Rachel Sherman, principal deputy commissioner of 
FDA, concluded that while using clear and understandable language is 
important, “The goal is not to define RWD and RWE. The goal is to get 
better information and to do it in a more sensible way.” 

THE U.S. FOOD AND DRUG ADMINISTRATION’S 
VISION FOR THE FUTURE

Simon opened the first workshop with an ode to Fiddler on the Roof, 
a 1960s musical about maintaining Jewish traditions in the face of change. 
Simon noted that in Fiddler on the Roof—and in scientific research—there 
are some traditions that are vital to the central purpose of the commu-
nity, while other traditions are merely followed because they always have 
existed. Discerning which traditions are important and which can be let go, 
said Simon, is critical for moving scientific progress forward efficiently and 
effectively. FDA commissioner Scott Gottlieb concurred with this analogy in 
his keynote address, saying that expanding traditional notions of evidence 
generation to incorporate the use of RWE could help make the medical 
product development process more efficient and more cost-effective. In 
addition, Gottlieb said, RWE could help doctors and patients to be better 
informed and make better decisions, which will ultimately help achieve 
better health care outcomes. 

Despite these potential advantages, there is uncertainty about the role 
that RWE should play in making regulatory decisions, said Gottlieb. RWE 
is already being used for decision making by many stakeholders in the 
medical community—payers in particular—and it is time to “close the evi-
dence gap between the information we use to make FDA’s decisions” and 
the information being used by others. As the use of RWE is increasing, so 
is the rigor with which it is collected and the reliability of the data. One of 
the scientific research community’s longstanding traditions, said Gottlieb, 
is the hierarchy of evidence, in which randomized prospective placebo-
controlled trials are at the top. Even as tools and technologies for collecting 
and using other forms of evidence, including RWE, have progressed, the 
hierarchy of evidence remains unchanged. 
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FDA, said Gottlieb, needs to find ways to leverage these new constructs 
to better inform decisions. To do so, FDA must “support the development 
of, and access to, appropriate forms of reliable evidence that meet our 
standard for approval.” Just as clinical decisions are often made based on 
a “mosaic of information,” regulatory decisions could likewise consider 
a broad range of informative sources of evidence such as RWE. Gottlieb 
noted that there are no statutory or regulatory barriers to incorporating 
RWE, and that using RWE to make decisions about product marketing 
would be consistent with FDA’s practice of using RWE to make decisions 
about safety. Data from the real world, said Gottlieb, may even be more 
rich, diverse, and informative than data from RCTs that “speak to a limited 
and rigidly constructed circumstance.” 

When FDA approves a medical product, a line is by necessity drawn 
between safety and efficacy on one side, and risk and uncertainty on the 
other, said Gottlieb. However, FDA as a public health agency has a mandate 
to embrace the full continuum of evidence available from all sources along 
the entire life cycle of a product. “We can’t allow our need for a point of 
regulatory accountability to prevent us from looking across the line we 
have to draw at practical information that’s collected both before and after 
our point of demarcation when a product gains a license for initial market 
entry.” RWE, said Gottlieb, could help FDA make more informed decisions 
along the continuum, from providing data about the benefit–risk profile 
of a product, allowing for early identification and a richer understanding of 
safety concerns. 

To enable greater adoption of RWE for regulatory decisions, FDA will 
need to work with the health care system to change the way that clinical 
information is collected, said Gottlieb. Currently, structured data within 
EHRs are usually geared toward billing, and clinically relevant informa-
tion is often hidden in unstructured notes that are inaccessible. While 
data from EHRs are not perfect—for example, data might be missing or 
 nonsensical—there are new tools and technologies that allow for electronic 
audits of the integrity of the data that can give FDA and other stakeholders 
more confidence in the quality of the data they are using. In addition to 
data from EHRs, there is a need to collect more information directly from 
patients themselves. For example, a tool could collect information about 
gait and physical activity directly from an individual, rather than having a 
doctor do a walk test on a treadmill in the office. These tools will need to be 
validated, and because they are relatively new, both the product developer 
and the regulators will need to take a “leap of faith” to get these products 
on the market, he said. 

In conclusion, Gottlieb stated that FDA “needs to do its part to advance 
the use of RWE.” FDA is taking steps to provide more clarity about its 
approach to the use of RWE in regulatory decisions, said Gottlieb, including 
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final guidance that was issued in August 20172 about the use of RWE in the 
development of devices. Gottlieb also noted that in the past 3 years, FDA 
has approved or cleared at least eight new medical devices and expanded 
the use of at least six technologies based on evidence derived from RWD. 
This evidence, said Gottlieb, was generated in less time and at a lower 
cost than in the past, and using RWE saved up to 2 years of development 
time. The adoption of RWE in the context of medical device regulation is 
more straightforward than in the context of drug regulation, said Gottlieb, 
because the end user of a device is usually a clinician, who is in a position 
to collect information, whereas the end user of a drug is a patient, who may 
not be able to collect and share information as readily. However, despite 
these challenges, FDA is currently working on policies to support the use 
of RWE in the approval of new indications for already marketed drugs, 
which may be especially relevant for drugs for rare diseases or unmet medi-
cal needs. Although RWE is not likely to replace traditional clinical data in 
many cases, Gottlieb said, there is an opportunity to incorporate RWE into 
FDA’s entire life cycle approach to medical product development. 

FIT-FOR-PURPOSE EVIDENCE

McClellan followed Gottlieb’s discussion about FDA’s vision with a pre-
sentation about a cooperative agreement between FDA and Duke-Margolis. 
This partnership is driven by bipartisan legislative action by Congress3 that 
directed FDA to further explore using RWE in the regulatory framework. 
The legislation specifically requires FDA to hold workshops, evaluate the 
potential use of RWE, and issue draft guidance by the end of 2021. As part 
of these activities, FDA partnered with Duke-Margolis for the purpose of 
exploring the use of RWE for regulatory purposes and sponsored the three-
part workshop series hosted by the Forum on Drug Discovery, Develop-
ment, and Translation described in this proceedings. The Forum workshop 
series provided an ongoing venue to discuss overarching governance issues 
associated with using RWE for evaluating drugs, biologics, and devices. The 
complementary work at Duke-Margolis focused primarily on drugs and 
discussed more technical issues related to RWE application. Duke-Margolis 
released a white paper in September 20174 that proposes a framework that 
can be used to guide sponsors and FDA in discussions about RWE, and 
seeks to clarify the current landscape of RWD/RWE for regulatory use. 

2  See https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/ guidance 
documents/ucm513027.pdf (accessed November 6, 2018).

3  Prescription Drug User Fee Act VI and the 21st Century Cures Act.
4  See https://healthpolicy.duke.edu/sites/default/files/atoms/files/rwe_white_ paper_2017.09.06.

pdf (accessed November 6, 2018). 
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In particular, the white paper discusses the various considerations that 
affect how researchers decide to structure a study that uses RWD, includ-
ing the regulatory context, the clinical context, the availability of quality 
data, and the research methods for the evidence needed. McClellan said 
this framework can be used for thinking about what data and methods 
would be appropriate for a specific use of RWE. For example, many dif-
ferent methods can be used to turn RWD into RWE, including randomized 
methods, prospective or retrospective observational methods, or a hybrid 
of methods. The method that a researcher chooses depends on the intended 
use of the RWE, taking into consideration the clinical question, the type 
of data available, and the regulatory purpose for which the evidence is 
being generated. McClellan noted that regardless of the chosen method, it 
is unlikely that “one single real-world evidence study is going to be all the 
evidence that exists for most of these regulatory questions.” FDA looks at 
the totality of the evidence when making regulatory decisions, and RWE 
can be a part of the overall picture. 

Another area of focus of the Duke-Margolis partnership with FDA, said 
McClellan, has been on the challenges of data. Although there is a growing 
quantity of RWD, ensuring the quality of RWD is considerably more dif-
ficult, said McClellan. There are concerns about making sure the data are 
of good provenance, and could be traceable back to the source if questions 
arose. Patient-generated data are increasingly available, but turning these 
data into quality RWE requires patient and provider support and adoption 
as well as good governance and stewardship practices. McClellan said there 
are promising tools and technologies that may help mitigate the challenges 
of data, such as blockchain, which can enable more secure aggregation of 
patient data from a variety of devices and sources. 

The partnership has also been discussing methods and how to ensure 
that the research methods used are appropriate for the regulatory purpose, 
said McClellan. Several basic good practices for RWD were identified by 
the partnership, including 

• Developing analytic plans that are transparent and specified in 
advance;

• Using robust primary data sources;
• Ensuring there are enough quality data to address the endpoints 

and conclusions;
• Making sure that methods fit into a “totality of the evidence” 

approach; and
• Using randomization when possible and appropriate. 

McClellan concluded that “having a clear path to regulatory accept-
ability” for RWE could be “a big driver toward getting more robust and 
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interpretable” RWD, including clinic- and patient-generated data. This 
move toward better data could be “synergistic with a move toward new 
payment models” that focus on value and patient outcome, and together 
these movements could generate support for infrastructure needed for RWE 
studies. However, said McClellan, further work is needed. The practical use 
of RWE is still limited, and it will take further investment by stakeholders 
to build a foundation for the use of RWE for regulatory purposes, as well 
as to improve clinical practice. McClellan noted that some stakeholders—
health insurance companies in particular—are making major investments in 
data infrastructure, with a goal of integrating data to support better deci-
sions for patients. These types of efforts will be highly relevant to advanc-
ing the generation of RWE for regulatory purposes, he said, and will help 
to integrate the regulatory framework with a framework based on patient 
outcomes. 
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Key Messages Identified by Individual Workshop Participants

• One of the most critical factors in using real-world evidence 
(RWE) is making it fit for purpose and the needs of end users. 
(Bindman, Califf) 

• Payers are constantly balancing concerns between patient 
access and affordability of therapeutics; value-based agree-
ments between drug manufacturers and regulators, and subse-
quent data collections based in such agreements, could support 
ongoing real-world data collection and create a more stable 
drug pricing system. (M. Sherman) 

• Delivery systems value medical practices that are supported by 
quality, relevant evidence that demonstrates value for patients; 
typical evidence generation practices for such evidence include 
traditional clinical trials, delivery system data collection, and 
reviews of current practices and literature. (Ford, Horberg) 

• Patient-generated data and community-led registries can be an 
important source of evidence generation because they focus 
on patient priorities and lived experiences; these data sources 
require rigorous validation, but should be integrated into clini-
cal decision making. (Terry) 

• Patients are most concerned with evidence that will inform their 
clinical care decisions, and they may also tend to believe that 
data belong to them and should be treated that way. (Perfetto) 

2

Perspectives on Real-World Evidence

13
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• There are promising opportunities to use real-world trials to 
generate evidence, such as randomized pragmatic trials, plat-
form trials, and master protocols. However, the bar for quality 
in RWE studies should be similarly high to the bar for random-
ized controlled trials; it is important to have regulatory buy-in 
before embarking on an RWE study. (Waldstreicher) 

As discussed in Chapter 1, one of the core characteristics of real-world 
evidence (RWE) is that it is “fit for purpose.” That is, evidence should be 
capable of answering a research question, even if it was originally generated 
for a purpose other than research. Several workshop participants said that 
regardless of the source of the data or the research method employed, the 
most critical element of using RWE is making sure that the evidence is fit for 
purpose. Andrew Bindman, professor of medicine, epidemiology, and bio-
statistics at the University of California, San Francisco, said there are many 
ways to arrive at scientifically valid evidence, so the means by which evi-
dence is generated should be adaptable to the needs of the end user. Robert 
Califf, vice chancellor of health data science at Duke University and scientific 
advisor at Verily Life Sciences, agreed, and said that different end users not 
only have different evidence needs, but they also need different degrees of 
certainty in the data. These end users could be payers,  providers, patients, or 
others; each has his or her own unique perspective and needs for evidence. 
The workshop participants heard from four speakers representing three dif-
ferent groups: payers, delivery systems, and patients. The speakers discussed 
how they use evidence to make decisions, and were asked to identify how 
RWE does or could inform their decision-making process.

PAYER PERSPECTIVE

The main challenge for payers, said Michael Sherman, senior vice presi-
dent and chief medical officer at Harvard Pilgrim Health Care, is balancing 
access and affordability while at the same time driving innovation. Sherman 
said one out of every four dollars that Harvard Pilgrim spent in 2016 was 
on drugs, and that Harvard Pilgrim members spent more than 20 percent of 
their out-of-pocket health care dollars on drugs. Sherman stressed that for 
drugs that keep people out of the hospital, extend life, and improve chronic 
disease, “cost should not be a barrier,” but that drugs with less certain or 
less profound impacts may not have the same value. 

With this tension between access and affordability in mind, Sherman 
moved on to the topic of generating evidence for medical interventions. 
Clinical trials, said Sherman, are not always relevant to the real world 
of medical practice. In clinical trials, he emphasized, the investigators are 
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experts, the patients are carefully selected, there is full compliance with 
all protocols, and patients are closely monitored to address concerns and 
ensure adherence. In the real world, by contrast, providers are not neces-
sarily experts in every field, work with large patient loads, and may have 
their own biases and ways of practicing, Sherman said. In particular, new 
diagnostics offer challenges; while a test may give information to physi-
cians and patients about what course of action to take, there are many 
other considerations that inform treatment decisions, so the value of the 
diagnostic is unclear. Sherman said that even for commonly accepted treat-
ments, evidence-based medicine is not always followed. For treatments or 
diagnostics that are newer, more complicated, and more expensive, it is 
not always clear if the investment is worthwhile because decisions made by 
the physician and patient may not be fully aligned with the results of these 
diagnostics, he said. 

Financial pressures on payers are increasing, said Sherman, particularly 
as innovation is resulting in new drugs and therapies such as gene therapy. 
Although these innovations are very exciting, he said, evidence must show 
they are worth the price. Unfortunately, data are limited for some of these 
new innovations, and some recent U.S. Food and Drug Administration 
(FDA) approvals have been seen as “overly broad” and based on limited 
evidence, said Sherman. When data are limited, pricing is uncertain, and 
clinical variability is unknown, payers are “understandably a little con-
cerned” about paying for these new innovations. Sherman noted, however, 
that FDA has a difficult job, and that patients and families are reasonable 
to expect access to drugs that can give hope, even when evidence is limited. 
For some rare conditions, there will never be the possibility of a high-
quality, randomized clinical trial of sufficient size; for other conditions, the 
time that it would take to generate proper data is significant, and during 
that time, patients are suffering. This is an ethical “tightrope” that patients, 
providers, regulators, and payers all must walk, said Sherman. 

Sherman offered suggestions that could help to balance concerns about 
access and affordability for such approvals that may have been made based 
on limited evidence, while also encouraging innovation in research and 
development. As a caveat, Sherman noted that FDA is limited in what it 
can require of manufacturers. That said, he suggested that in cases where 
an approval may be based on limited evidence, FDA could consider 

• Requiring manufacturers to enter into value-based agreements that 
tie reimbursement to success of the drug (tied to outcome measures 
used to gain approval); 

• Requiring manufacturers to submit data to an objective third party 
(e.g., Institute for Clinical and Economic Review) and agree to pric-
ing that aligns with findings; and/or 
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• Encouraging postmarketing payer–pharmaceutical company col-
laboration to use data generated by these value-based agreements.

 
Sherman said this proposal could have several benefits. First, it could 

create a structure for payers in which they could offer a drug, but would 
only be required to pay for it if it was shown to actually add value. Sec-
ond, it could provide transparency and certainty to the pricing of drugs, 
and the value of the drug would be reflected in the price. Third, it could 
create RWE in the normal course of practice—as drugs are made available 
to patients, data would be collected and analyzed to study the patient out-
comes and value of the drug. Finally, this process could reduce uncertainty 
for companies that are submitting drugs for approval. Currently, a drug 
may be approved, but there is still uncertainty about whether insurers will 
pay for it, which creates frustration for the companies as well as patients 
and providers. This type of proposal, said Sherman, could increase trans-
parency and certainty, help to grow the evidence base for new innovations, 
and improve access to life-saving drugs for patients. 

DELIVERY SYSTEMS PERSPECTIVE

Concurring with many of Sherman’s remarks was Michael Horberg, 
executive director of research, community benefit, and Medicaid strategy 
and the Mid-Atlantic Permanente Research Institute at the Mid-Atlantic 
Permanente Medical Group, Kaiser Permanente (KP). In particular, he 
agreed that a “clinical trial is often an idealized version of what we would 
all hope the care would be.” In the real world, there are issues with patient 
adherence and care delivery that can impact the effects of a medical inter-
vention. Because KP both delivers care and pays for the care, said Horberg, 
medical practices must be backed up with quality, relevant evidence that 
shows a benefit for patients. When assessing the evidence base for a new 
intervention, KP looks at a variety of considerations, including 

• Who conducted the studies (e.g., KP, industry, or government funded)?
• Who is the population at risk? Do the data reflect this population, 

or can data be generated to reflect this population?
• What is the current medical practice in this area? Is the new inter-

vention an improvement? 
• What will the new intervention cost? 
• How will implementation of the new intervention be operational-

ized in clinical care? 

In assessing the data, said Horberg, KP heavily relies on its own data 
collection and analysis. KP is “swimming in data,” but the challenge lies in 
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curating the quality of the data and using appropriate statistical methodolo-
gies. KP also convenes internal guideline panels and performs systematic 
reviews, both of which use data from inside and outside the system. In 
addition to the evidence assessment, KP also performs a financial analysis 
of how the system would integrate the new costs of care if an intervention 
were to be adopted. 

During the assessment process, many points of tension must be bal-
anced. First, KP is driven by its mission to “do the right thing the first 
time.” However, this desire to provide members with the best possible care 
is tempered by the fact that the system must remain financially viable to 
provide care. Second, KP believes in “prevention first . . . if possible.” While 
providing drugs to treat disease is important and necessary, it is better to 
prevent the disease in the first place—both for the patients’ quality of life 
and for the cost savings to the health system. Third, KP considers whether 
the new intervention is actually better than the current treatment, and how 
much of an improvement it represents. Fourth, KP looks not just at the 
availability of evidence, but the credibility and relevance of the evidence. 
For example, KP has two very different populations of members with HIV. 
More KP members on the East Coast with HIV tend to be female, hetero-
sexual, and African American, whereas on the West Coast, members with 
HIV are mostly white men who have sex with men. Evidence for an HIV 
intervention would need to be relevant to both of these groups, if it were to 
be adopted. KP also looks for gaps in the data, said Horberg, particularly 
if there are gaps in the data on certain vulnerable populations. 

The process for deciding which interventions to adopt, said Horberg, 
is both bottom-up and top-down. The impetus for assessing an interven-
tion may come from new information in the literature, a provider request 
to review the literature, patient demand, or new regulatory or statutory 
requirements. There are a variety of interregional groups that are convened 
to make decisions about adoption, including formulary committees, new 
technology committees, guideline committees, specialty groups (e.g., gastro-
enterology chiefs), and special ad hoc groups. However, Horberg noted that 
the groups may come up with different decisions and these are not always 
in alignment. For example, the guideline committee may recommend a 
new drug as a good treatment, and the formulary committee may decide to 
approve it to the formulary, but the benefits committee may not approve it 
for payment. In addition, despite the emphasis on evidence-based medicine, 
individual care decisions are often based on discussions and experiences 
of providers and patients. Overall, KP aims for “collaboration” within 
the organization, with the goal of “getting what’s best for the patient,” 
concluded Horberg. 

Daniel Ford, director of the Institute for Clinical and Translational 
Research at the Johns Hopkins University School of Medicine, described 
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the Johns Hopkins Health System (JHHS) as both a generator of evidence 
and a consumer of evidence. Although one might assume that this dual 
role would lead to systematic synergies, in reality, there are sometimes ten-
sions and inconsistencies between the two parts of the system. JHHS still 
relies heavily on traditional clinical research, said Ford, but recently has 
branched out into conducting clinical research at community hospitals. In 
the system’s three community hospitals, there are about 450 patients in 
a clinical trial at any one time, with 23 research coordinators supporting 
them. This project marks a transition to collecting evidence outside of the 
traditional academic health center, said Ford. In addition to the community 
hospital research, JHHS also conducts clinical research with its patients; 
about 10 percent of JHHS patients (300,000 out of 2.5 million) have been 
involved in a clinical trial over the past 8 years, said Ford.

Ford said the JHHS process for making coverage decisions is similar 
to KP’s. JHHS uses internal or external data summaries, consults experts 
about their views of the available data, and looks at the patients who have 
received the drug. Ford said that while JHHS has a fair amount of inter-
nal data, it would be a “stretch” to rely solely on these data to judge the 
clinical effectiveness of a drug. He noted that because physicians use the 
electronic health record (EHR) daily, and know its drawbacks and limita-
tions, they may be less persuaded by a conclusion based on EHR data 
versus data from a regulated clinical trial. However, he noted that the EHR 
data are consistently improving, and that there are new ways to integrate 
other data sources, such as data from other hospitals or death records. 
One database, called the Chesapeake Regional Information System for our 
Patients (CRISP), contains data from nearly all hospitals in Maryland, and 
hospitals from Delaware; Washington, DC; and West Virginia are joining 
as well. This integrated database allows researchers to track all hospitaliza-
tions, emergency room visits, and deaths, and serves as an important tool 
for both research and clinical practice. 

Ford discussed the roles and expectations of patients and providers 
in the generation of RWE. Patients often desire information about their 
treatment plans in order to inform their personal decision making, but this 
information is not always accessible in the current environment. Academic 
researchers, meanwhile, frequently express interest in researching drug 
effects on off-label indications and applying their findings to usage recom-
mendations, but providers still rely on traditional RCT evidence rather 
than other potential sources of evidence. Ultimately, Ford said, altering the 
evidence generation system will require changes on the part of multiple 
stakeholders. The funding for RCTs remains steady, providers use data 
from RCTs, and patients understand the RCT design. Integrating EHR 
data into research will require a shift in perspective and an effort to ensure 
that EHR data are as valid as data from traditional RCTs. 
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PATIENT PERSPECTIVE

Sharon Terry, president and chief executive officer at Genetic  Alliance, 
started by questioning the term “patient” itself. To Terry, the word “patient” 
conjures up an image of a person sitting quietly in a gown on an exam table, 
with a “tremendous information asymmetry and power asymmetry.” Terry 
told workshop participants that they are all patients first and professionals 
second, and that “we make very different decisions [as patients] than we do 
when we sit here primarily as professionals.” 

Terry briefly told the story of how she transitioned from a mother of 
two with a background in religious studies to a researcher who is involved 
in clinical trials with four different therapies. Terry’s children were born 
with a rare genetic condition called pseudoxanthoma elasticum (PXE). 
Upon their diagnosis, Terry and her husband founded PXE International, 
started a patient registry, discovered the gene responsible for PXE, patented 
it, and developed a diagnostic test. Terry now serves as the chief executive 
officer of Genetic Alliance, which is a network of more than 1,000 organi-
zations and patient advocacy groups, representing millions of people with 
genetic diseases. Terry stressed that people like her—patients, families, and 
communities—have gathered data for years. Abundant data have been 
gathered through disease advocacy organizations, community-based par-
ticipatory research, and activist and citizen science contributions, she said. 
However, these communities are fighting an “uphill battle” to collect data, 
and the data are often not used or integrated with data from other sources 
to impact the medical system. Terry questioned, “When are we going 
to start to pay attention to that information, and not keep comparing it to 
other sources of information? We need it all.” In other industries, data from 
consumers are highly valued, such as reviews and ratings on Angie’s List. 
In health care, these data may be more difficult to collect and manage, but 
they are equally—if not more—useful. 

One example of community-led evidence generation is patient regis-
tries. These registries, which are often created and managed by commu-
nity and advocacy groups, capture information about the lived experience 
of patients. The validity and accuracy of the data collected by these 
registries has long been questioned—even though, said Terry, there are 
also issues with validity and accuracy when data are collected in a clini-
cal trial or in the course of clinical practice (e.g., EHRs). There are now 
registries for a wide variety of communities, from individuals working 
in homeless communities to people using a specific medical device to 
parents of autistic children. Technological advances have enabled better 
communication among these communities, and have facilitated the col-
lection of real-world data (RWD) such as data collected on smartphones 
and other devices. 

http://www.nap.edu/25352


Examining the Impact of Real-World Evidence on Medical Product Development: Proceedings of a Workshop ...

Copyright National Academy of Sciences. All rights reserved.

20 IMPACT OF RWE ON MEDICAL PRODUCT DEVELOPMENT

The difference between a community-led registry and an industry-
led registry, said Terry, is that the community-led registry is focused on 
the priorities and the lived experiences of the community, rather than 
on the financial bottom line. Focusing on community priorities enables the 
registries to answer the questions most relevant to the community, and to 
give a realistic view of the opportunities and risks of taking a certain path 
(e.g., using a certain therapeutic), said Terry. Another benefit of community 
registries is the opportunity for education. Unlike a clinical or trial setting, 
in which a patient comes in for brief visits, community registries often have 
opportunities for daily interactions (e.g., through Facebook or chats), and 
patients can educate and communicate with each other. However, despite 
the benefits of community-led registries, there is a need for “rigorous and 
accessible methods for validation” of the data. Terry noted that working 
toward validation should be a communal effort, and that the methods used 
to validate should be made accessible to all. 

Terry introduced workshop participants to a platform that Genetic Alli-
ance developed called Platform for Engaging Everyone Responsibly (PEER) 
(see Figure 2-1). This platform allows organizations and communities to 
create a custom registry, and to offer individuals control over the data they 
share. Terry explained the process. First, an organization creates a registry 
and puts a link on its website for patients to register. Individuals who register 
can choose their own personal privacy settings and the purposes for which 
their data may be used. The health data, the contact information, and the 
privacy preferences are held in three separate databases, and the registrant 
has control over who may access the data. The process of choosing privacy 
settings is guided by people from the same community as the registrant—for 
example, the same socioeconomic status, the same race, and/or the same 
experience with the disease, said Terry. She noted that of the tens of thou-
sands of people who have input their data into the system, about 95 percent 
say, “Share my data with everybody.” This customizable platform that can 
be embedded into the communities’ existing website allows organizations to 
create registries that are responsive to the needs of the community and that 
“look like” the community. However, they all share the same underlying 
data structures and are therefore interoperable across diseases. There are 
currently 45 communities using PEER to build the database they need to get 
industry attention or to start clinical trials themselves, said Terry. 

Terry closed with a quote about keeping the patient at the center of 
decisions about health care: “Nothing about us without us.” As stake-
holders move forward with collecting and using RWE, she said they must 
keep in mind that patients’ lived experiences are a valuable source of 
information, and that patients are experts on themselves and their experi-
ences. Of course, the data collected must be aggregated in a way that is 
rigorous and clear, said Terry, but there is an existing plethora of communi-
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FIGURE 2-1 Platform for Engaging Everyone Responsibly (PEER). 
NOTE: EHR = electronic health record.
SOURCE: Terry presentation, September 19, 2017.
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ties who are ready, willing, and able to generate evidence that can be used 
for decision making. Stakeholders could build on the successes of these 
communities, and help to facilitate the rigorous collection and analysis of 
patient-generated data. 

DISCUSSION

Joanne Waldstreicher, chief medical officer at Johnson & Johnson, and 
Eleanor Perfetto offered some reflections on the presentations by Sherman, 
Horberg, Ford, and Terry, as well as their own perspectives on the issue of 
RWE generation. Their input, as well as discussion from the audience, has 
been divided by topic area. 

Patient Perspective: “Will This Work for Me?”

To follow on Terry’s presentation about the patient perspective, Perfetto 
told participants about a National Health Council roundtable that was held 
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to gather patient views of real-world evidence. One of the predominant 
findings, said Perfetto, was that patients do not particularly care about the 
source of evidence. Rather, Perfetto said that what patients most want to 
know is, “Will this work for me?” Whether the evidence is generated in 
the real world or in a clinical trial, patients want evidence that will help 
them make a good decision about their care. In addition to this finding, 
many patients at the roundtable exercise conveyed a belief that data should 
belong to patients, and patients should have an opportunity to understand 
how and by whom their information is being used and to actively opt in 
to the use of their information in research. Ross McKinney, chief scientific 
officer at the Association of American Medical Colleges, added that a regu-
latory and ethical framework to deal constructively with RWD is lacking. 
In a prospective study, researchers obtain active consent from patients, 
whereas in studies involving RWD, patient consent and privacy are much 
less central, he said. 

Roundtable contributors also said that EHRs and claims are “not 
authentic sources of real patient data” because these sources do not include 
information about patient preferences or experiences. It was proposed, 
said Perfetto, that clinical data be integrated with the data that matter 
to patients, such as patient-reported outcomes. This integration would 
not only present a fuller picture, but would also help with appropriately 
interpreting the data that come from clinical sources. Patients also revealed 
frustration with the difficulty of assessing the quality of different types of 
studies and data, and proposed that patient advocacy groups have access 
to a scientific board or consultants. 

Perfetto echoed Terry’s point that patient communities have long been 
a source of RWD, and have produced quality data that have made major 
contributions and led to changes in care. The challenge, said Perfetto, is 
to integrate all of the data, including community-generated evidence and 
other types of RWD. Only by looking at the weight of all of the evidence— 
regardless of where it comes from—can health professionals “help patients 
make the best decisions and the best choices.” 

Data and Analysis Considerations

Califf noted that two different dimensions are involved in generating 
RWE: the source of the data and the method of analysis. These dimen-
sions are often conflated and discussed as if RWE equates to observational 
s tudies. However, studies on RWD can include observation, a variety of 
randomization methods, and prospective or retrospective analyses, said 
Califf. Bindman added that while RCTs are often held up as the “gold 
standard,” using a method other than RCT does not mean that scientific 
principles are abandoned. Waldstreicher said that study designs are already 
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changing, and that real-world trials that use randomization are becoming 
more popular. For example, randomized pragmatic studies have made a 
major difference in some areas of medicine, such as in the field of statins. 
Designs and tools such as platform trials and master protocols are increas-
ingly important, said Waldstreicher, but it is critical to have regulatory 
buy-in for these types of trials. Before embarking on a trial, she emphasized 
that industry needs to know that the evidence generated will be acceptable 
from a regulatory perspective. 

When observational study designs are used, the bar for rigor and qual-
ity should be as high as it is for clinical trials, said Waldstreicher: Clinical 
trials have a number of requirements that grant collective confidence in 
the data, and observational trials could have similar requirements. Obser-
vational trials should be reported with transparency about the sponsor of 
the trial, the study design, the methodology, the protocol, and the analysis 
plan, and observational trials should be registered just like clinical trials, 
said Waldstreicher. When an observational trial is based on analysis of one 
database, it is valuable to test whether the results can be replicated using 
a different database. 

Rory Collins, head of the Nuffield Department of Population Health at 
the University of Oxford, offered a slightly different perspective on obser-
vational studies. Although observational studies on large databases are 
expedient and “seductive,” Collins worried that “we’re planning on a very 
large scale to repeat the errors of the past.” The drawbacks of randomized 
controlled trials (RCTs) have been discussed at length at this workshop and 
others, said Collins, but observational studies also have serious limitations. 
Perhaps the solution is not to do more observational studies, but instead 
to fix the issues with RCTs, he suggested. Waldstreicher clarified that while 
she believes there is a role for observational studies, the evidence from 
these studies should be looked at as part of the totality of the evidence, in 
combination with data from sources such as randomized pragmatic trials, 
safety data, and predictive modeling. “We should use all of the tools in our 
tool chest,” said Waldstreicher, and use knowledge from all sources in an 
iterative and synergetic fashion. To this end, stakeholders could work to 
break down compartmentalization, share data, and collaborate in order 
to build a learning health care system, she said. 

Role of Health Systems

Califf addressed the three presenters whose organizations provide and 
pay for health care in one way or another: Sherman, Horberg, and Ford. 
He noted that these organizations are making decisions with imperfect evi-
dence, but they are also in a position to improve the evidence base by col-
lecting and sharing RWD from their patients. Califf asked, “What is your 
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obligation to fix [the system]?” Sherman agreed that health systems are in 
a unique position to encourage behavior change: “Because we control the 
dollar and the policies, we are in a unique position to . . . encourage certain 
behaviors or certain types of activities.” Sherman said that  Harvard Pilgrim 
is working closely with other stakeholders to generate better evidence, to 
collaborate, and to incorporate RWE into decision making. Horberg con-
curred that payers have a unique role to play; he said that KP feels “a strong 
sense of obligation to contribute to medical knowledge.” For Horberg, 
changing the system comes down to improving research practices. Research 
must be based on a sound scientific question that is the “right” question for 
the community and the patients, he said. 
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Key Messages Identified by Individual Workshop Participants

• The Salford Lung Studies—the first studies to evaluate the effec-
tiveness of a prelicense drug in a real-world setting—required 
wide stakeholder engagement to ensure their success, including 
practitioners, pharmacists, information technology, regulators, 
and payers; the real-time patient management allowed for close 
monitoring of safety concerns. (Gibson, Kane) 

• One of the most important and challenging components of 
the Salford Lung Studies was their data platform, which was 
built specifically for the studies and has since been developed 
into a cloud-based platform that can be used to investigate 
other clinical questions; the platform includes a structured 
data reporting, collection, management, and validation system. 
(Gibson, Kane) 

• Sentinel, a U.S. Food and Drug Administration medical prod-
uct monitoring system that uses electronic health data to sup-
port postmarketing medical product evaluation, is a distributed 
system that allows data partners to retain private data prior to 
data curation; Sentinel allows for datasets to be studied using 
different methods, but still systematically evaluated under 
known conditions. (Platt) 

• Sentinel has been used on its own and linked to other data 
sources, and several successful cases may be scalable;  examples 
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include Sentinel-linked registries, electronic health records 
(EHRs), patient-reported data, and chart review, as well as 
use in randomized controlled trials. (Platt) 

• Real-world data (RWD) and real-world evidence (RWE) are 
crucial for identifying problems with devices early in their 
use; FDA generally requires a lower evidence threshold for 
devices; reliable RWE would be useful for shifting pre/post-
market approval time lines for devices as well as the Medical 
Device Reporting System. (Fleurence) 

• Registries are already used widely in the device space, and 
increased use of RWD and RWE for devices could push regis-
tries toward Coordinated Registries Networksa that link exist-
ing registries to other existing data sources such as claims data 
and EHR data. (Fleurence) 

a See https://mdepinet.org/wp-content/uploads/Recommendations-for-a-National-
Medical-Device-Evaluation-System_24-Aug-2015.pdf (accessed January 4, 2019). 

In this session of the first workshop, participants heard about success-
fully completed and ongoing initiatives that generated, collected, and/or 
analyzed real-world data (RWD) and real-world evidence (RWE). Speakers 
were asked to describe the features that led to success in their particular 
program, and to consider how these successes could be generalized and 
scaled for future projects.

SALFORD LUNG STUDIES

The Salford Lung Studies were two late-phase randomized controlled 
trials (RCTs) conducted in Salford, United Kingdom, and the surrounding 
areas, said Martin Gibson, chief executive officer of Northwest EHealth. 
Sponsored by GlaxoSmithKline (GSK), the Salford Lung Studies were 
the first studies in the world to evaluate the effectiveness of a prelicense 
medication in a real-world setting, said Gibson. There were two sepa-
rate  studies—one for chronic obstructive pulmonary disease (COPD) and 
one for asthma—evaluating the same drug (Relvar Ellipta); the studies 
enrolled more than 7,200 patients. Enrolled patients were monitored in 
near real time for safety and outcomes, using city-wide linked electronic 
health records (EHRs). The studies showed that the drug was effective at 
improving outcomes for both COPD and asthma.1 Gibson said that tradi-

1  See https://www.nejm.org/doi/full/10.1056/NEJMoa1608033 (accessed January 4, 2019); 
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)32397-8/fulltext (ac-
cessed January 4, 2019).
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tionally, premarket studies look at efficacy, and postmarket studies look at 
effectiveness. The Salford Lung Studies, however, were late Phase III trials 
of a premarket medication that were designed to gather information on 
effectiveness in real-world conditions. Gibson noted that new technologies 
are allowing researchers to blur the lines among traditional types of studies, 
and to look at real-world effectiveness earlier in the process. 

Gibson explained the reasons why the Salford Lung Studies were con-
ducted in this particular region. First, because the National Health Ser-
vice (NHS) serves all UK residents, the results generated from NHS data 
are likely to be generalizable. Second, the general practitioners in NHS 
have been using EHRs since the mid-1990s, and the EHR system is a 
good system with high-quality data, said Gibson. Third, Salford itself is 
served by a single large university hospital, and the primary and  secondary 
care data in this region have been integrated since 2002. The Salford 
Hospital is “regarded as the most digitally mature organization in the 
NHS,” which greatly facilitated the lung studies. Finally, said Gibson, there 
was an existing close relationship between the community of Salford and 
the health system. Northwest EHealth, which was established in 2008 to 
improve research using EHRs, had already worked in the community and 
there was a “connected community of care.” Gibson stressed that this ele-
ment was critical to the success of the Salford studies. 

Gibson gave a brief overview of the design of the COPD study (see 
Figure 3-1). He noted that the criteria for inclusion were much more open 
than they would be for a standard trial. In the trial itself, participants 
were randomized during an initial visit, and then had an end-of-study visit 
12 months later. If assigned to the active group, patients received their drug 
through the usual community pharmacies, and all patients were monitored 
“behind the scenes” through the EHR system. Care was taken to ensure 
that there was minimal intervention, and that patients were truly receiving 
normal care during the 12 months between the initial and end-of-study 
visits. 

When GSK first suggested these studies, nothing similar had ever 
been done before, said Gibson. Many questions needed to be answered to 
proceed:

• What study design would best achieve internal and external 
validity? 

• What data existed? 
• How good were the data?
• How could the data be accessed, managed, and validated? 
• What were the evidence needs of research authorities, regulators, 

and payers? 
• Was there a large enough population to power such a study?
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Answering these questions, however, was just the “tip of the iceberg,” 
said Gibson. To carry out the studies, every element had to be operation-
alized, which required extensive forethought. Marie Kane, chief operat-
ing officer of Northwest EHealth, explained the process. Kane said that 
although Northwest EHealth is primarily a technology company, the big-
gest part of carrying out the Sanford Lung Studies was engaging with 
people. General practitioners, pharmacists, and specialists were critical for 
supporting the study day to day, while people who worked at every level of 
the health care organization had to buy in as well. For example, said Kane, 
the information technology (IT) department was not accustomed to being 
involved in clinical research, so care had to be taken to enlist their coopera-
tion and support. Regulators and payers were engaged in the process in 
an attempt to ensure that the evidence that came out of the studies would 
be acceptable to these stakeholders. More than 3,000 people—physicians, 
nurses, pharmacists, data managers, and administrators—were trained as 
part of the research delivery team. 

In addition to engaging with people, Northwest EHealth had to build 
a system to collect, manage, and validate the data, as well as a system for 
safety reporting. Kane presented a simplified diagram of the platform that 
was built for the studies (see Figure 3-2). Only structured and coded data 
were collected, said Kane. Data were collected from a number of sources, 
including Salford general practitioners, out-of-area patient episodes, 140 
retail pharmacies, and data from community services. Kane said these stud-
ies required far more investment in data processing and error management 
than traditional clinical studies, due in part to variability in the data as 
they were collected as well as the scale and complexity of the data linkages 
required to determine patient outcomes. One of the challenges, said Kane, 
was that these sources used different IT systems, collected different data, 
or had data that were not integrated. However, by going into the “back 
tables” of the systems, most of the data were able to be retrieved in a usable 
format. 

One benefit of monitoring patients in near real time, said Kane, was 
that serious adverse events could be detected and reported almost imme-
diately. The safety monitoring system was set up with criteria for alerting 
researchers about potential safety issues, and a safety team reviewed these 
alerts on a daily basis. Alerts were investigated using the patient’s EHR, and 
when the cause of the adverse event could not be determined, the sponsor 
was alerted of the adverse event. The alert system, said Kane, can be “tuned 
up or tuned down” depending on the specific safety concerns and the needs 
of the sponsor.

In retrospect, said Kane, they underestimated the scale and complex-
ity of the task of recruiting patients and staff, and of developing data 
systems that could collect and manage data from multiple unaligned sys-
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tems. Some of the challenges were small, but consequential. For example, 
because the drug was prelicense, the drug name was not in the dropdown 
list in the EHR system, so providers had to type in the name. Mistakes 
or typos would have resulted in missing these data, so an algorithm was 
built to identify and aggregate the disparate terms. Other challenges were 
large. For example, pharmacy data had never been used for these purposes 
before, and how to best access and use these data is still an open question. 
Another data-related challenge, said Kane, was ensuring that they got the 
right data rather than just more data. Collecting too much data costs money 
and can create inefficiencies. “It needs to be the right data with the right 
provenance, with the right frequency,” said Kane. However, said Kane, 
the most critical component of the study was not building data systems or 
recruiting patients; it was building relationships among people by recruit-
ing the right partners and ensuring that everyone understood how to fulfill 
their role in the study. 

Based on the lessons learned from this experience, Northwest EHealth 
has converted the design developed for Salford into a cloud-based platform. 
The platform has been fully reengineered and revalidated, and has con-
figurable and modular applications, said Kane. Depending on the needs of 
the researcher, he or she can use different components of the applications. 
There is also a master data management system, which allows a researcher 
to develop configurable data schema and data dictionaries. Other tools that 
Northwest EHealth has developed, said Gibson, include tools for recruiting 
and engaging patients. The system for recruitment allows researchers to 
screen the population and identify patients who may be appropriate sub-
jects (using anonymized information); the system then contacts the patients’ 
providers to recruit them into the trial. A patient engagement tool that has 
been built allows patients to sign up directly to give consent for the use 
of their EHR and to be recruited for studies. The benefits of performing 
research using EHR data, said Gibson, are numerous. First, a researcher can 
collect information on a patient throughout her life, rather than just for a 
set period of time in a study. Second, using EHR data reduces the influence 
of research on patient’s care—patients and providers can go about their 
normal course of care, while data are being captured for research. Finally, 
data collection can be streamlined and designed for the specific protocol, 
saving money and increasing efficiency. Once the system for one protocol is 
up and running, it can be used for other things, such as safety monitoring, 
said Gibson. 

During the discussion that followed presentations, participants dis-
cussed whether and how the Salford model could function as a “franchise” 
that could be exported to other health systems for other disease questions. 
Kane said the “franchise” part of the studies would consist of the methods 
developed and the lessons learned from each variation—not all studies 
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would need to be conducted using the same exact approach. John Graham, 
senior vice president, medical engagement and value evidence and outcomes 
of GSK, agreed that the studies had generated both a reusable infrastruc-
ture and lessons learned that could be applied in other disease areas; GSK 
is already applying a similar model in cardiovascular and renal disease 
studies in the United States. Califf added that finding a way to franchise 
these models—that is, to identify and scale up the common elements of 
successful programs—is critical for making research more efficient, but that 
each new project would likely have its own “regional flavor.” Gibson said 
that recruiting health systems to participate became easier with each study 
because of the positive experiences of the study participants and the invest-
ments made in building relationships as well as the desire of health systems 
to participate in exciting, new, and relevant studies. These experiences help 
to alleviate fears of systems that do not normally conduct research: “We 
have the tools and the capability to give them the confidence that this is 
something they can take part in.” 

SENTINEL 

The Sentinel Initiative is a national medical product monitoring system 
that was launched in 2008 by the U.S. Food and Drug Administration 
(FDA) in response to legislation that required FDA to use electronic health 
data to support postmarketing medical product evaluation, said Richard 
Platt, professor and chair, Harvard Medical School, and executive director, 
Harvard Pilgrim Health Care Institute. While the mandate asked FDA to 
assess the use, safety, and effectiveness of regulatory medical products, FDA 
has focused Sentinel primarily on safety. However, FDA has always intended 
that Sentinel would be used to support a variety of activities, including clini-
cal research, randomized trials, and public health surveillance. 

Sentinel is the product of a collaboration between FDA and a large 
number of organizations that bring both data and scientific expertise. In 
essence, Sentinel is a curated, distributed dataset that adheres to a com-
mon data model, said Platt. Sentinel is a fairly simple system, with a set of 
linked flat file records. The data that can be accommodated by Sentinel are 
wide ranging, including administrative data (e.g., age, sex, zip code, enroll-
ment, medical and pharmacy benefits, encounter diagnoses and procedures, 
ambulatory pharmacy dispensing), laboratory test results, vital signs, death 
data, immunization records, and in-patient data (see Figure 3-3). Platt said 
“hundreds of millions of person years and billions of encounters” are rep-
resented in the Sentinel data, and about 10 percent of the people have some 
sort of laboratory test results. 

Sentinel is a distributed system, which means that each of the data part-
ners retains its own data, and the data are interrogated by the exchange of 
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executable programs. Each data partner can opt in or out of any individual 
query. Platt noted that while Sentinel is a public enterprise and a public 
resource, the participation of private organizations is critical to its success: 
Sentinel “is nothing if the data partners aren’t there.” One of the things 
that makes Sentinel data particularly useful, said Platt, is the fact that the 
data are extensively curated before use, which is not necessarily true of 
other large medical datasets. This curation, while it takes time and energy, 
means that the users of the data do not need to spend time assessing the 
quality of the data. 

One particular advantage of Sentinel, said Platt, is that it allows for 
different studies to be conducted on the same research question and the 
same data, using different methods. Simon noted that one of the issues with 
observational studies is that when researchers choose different methods and 
get different results, it can be difficult to know which method is correct. 
With Sentinel, different methods can be systematically evaluated, under 
known conditions, said Platt. 

Platt gave workshop participants six examples of how Sentinel has been 
used, either by itself or linked to other data sources; he noted that these 
examples were chosen because they have the potential to be scalable. 

Sentinel Alone: Prospective Surveillance Pilot of Rivaroxaban Safety 
(Bai et al., 2017; Chrischilles et al., 2018; Patel et al., 2011)

This project tested the ability to use Sentinel to do prospective surveil-
lance, said Platt. The researchers compared data from patients on warfarin 
and rivaroxaban, while controlling for more than 70 confounders, includ-
ing age, sex, comorbidities, usage, and diagnosis. Outcomes that were 
examined included gastrointestinal bleed, intracranial hemorrhage, and 
ischemic stroke. Platt noted that this observational study correlated well 
with randomized trials, which “should give us some confidence that we can 
be attentive to how the product is working in actual practice.” Further-
more, using Sentinel data allows researchers to explore populations that are 
not well represented in the clinical trial. Platt noted that “others may not 
agree” with using observational data in this way, but that for situations or 
populations where a clinical trial will not be done, there may be ways “to 
decide whether the observational data are credible enough.”

Sentinel with Chart Review: Risk of Intussusception 
After Rotavirus Vaccination (Yih et al., 2014)

The first vaccine to prevent rotavirus infection in infants was licensed 
in 1998, but withdrawn in 1999 due to risk of intussusception, a form of 
bowel obstruction, said Platt. Alternative rotavirus vaccines showed no 
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increased risk in clinical trials, but postlicensure studies in other countries 
suggested an increased risk. In 2010, FDA began a study to quantify the 
possible risk among U.S. infants. Researchers used data from three  Sentinel 
partners, and gathered data using the Current Procedural Terminology 
(CPT) codes for immunization and the International Classification of Dis-
eases, Ninth Revision (ICD-9) codes for intussusception and related issues. 
Because CPT and ICD-9 codes are “not sufficiently specific enough to do 
high-quality epidemiology,” said Platt, the researchers actually reviewed 
the full-text medical records of patients after redacting direct identifiers. 
Using data on 500,000 patients, the algorithm identified potential cases, 
and researchers obtained full medical records for 80 percent of these. Pedia-
tricians adjudicated the records, and they found a risk of intussusception 
of about 1.5 per 100,000 children immunized. The clinical trials that had 
been performed for these vaccines, said Platt, had enrolled only 60,000 
children, which may not have been sufficient to find the actual risk. This 
study demonstrates the value of being able to link administrative data to 
full-text records, said Platt. 

Sentinel Linked to Registries: Linking Mother–Infant Pairs2

Platt gave a brief overview of the difficulties of linking maternal and 
infant data; he noted that this gap has “bedeviled health services research” 
for decades. Sentinel data partners have data about linked mother–infant 
pairs, unlinked mothers, and unlinked infants, and state departments of 
health have birth certificate data. Researchers attempted to link moms and 
infants using these data, and were able to link more than 80 percent of 
the records from four data partners. Platt observed that while researchers 
thought linking mothers and infants would require the information from 
the registries (i.e., the birth certificates), nearly all of the pairs were able 
to be linked through information already in Sentinel (i.e., subscriber ID 
and last names and addresses). However, he noted, the birth certificates 
did include a lot of rich information that is useful for researchers, such as 
gestational age and smoking history. 

Sentinel Linked to EHRs: PCORnet ADAPTABLE Trial3 

Platt used the National Patient-Centered Clinical Research Network 
(PCORnet) ADAPTABLE trial as an example of how a Sentinel-like system 
has been used to link with data from EHRs. The ADAPTABLE trial, said 

2  See https://www.sentinelinitiative.org/communications/publications/2017-icpe- presentation-
developing-mother-infant-cohort-sentinels-prism (accessed January 4, 2019).

3  See http://theaspirinstudy.org (accessed November 6, 2018).
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Platt, is simple, with the goal of randomizing 20,000 people with coro-
nary artery disease to either low-dose or high-dose aspirin for prevention. 
Follow-up of patients will occur largely through EHRs and payer data. This 
trial is an example of using available data to enable pragmatic research, and 
demonstrates how Sentinel could similarly be used.

Sentinel Linked with Patient-Reported Data:  
A Mobile App for Studies of Medication Safety4

Sentinel researchers built a mobile app to enable individuals who have 
data in the Sentinel system to report information that can easily be merged 
with the system, said Platt. This app, now known as the MyStudies smart-
phone app,5 is currently being field tested. Pregnant women with the app 
are asked a variety of questions, including smoking history, level of nau-
sea, over-the-counter drug use, and other areas of interest. These patient-
reported data can easily be merged with the individual’s information in 
Sentinel, which should make for an even richer dataset. 

Sentinel for Randomized Trials: Sentinel IMPACT-AFib  
(Cocoros et al., 2018) 

The IMPACT-AFib trial is a pragmatic clinical trial that uses Sentinel 
data to test methods to improve the use of oral anticoagulants (OACs) 
in patients with atrial fibrillation. Working with five data partners, direct 
 mailers were sent to 40,000 health plan members with AFib, at a high risk 
for stroke, and not currently taking an OAC. Mailers also went to the 
patients’ providers to encourage the consideration of prescribing an OAC. 
Outcomes will be assessed at 12 and 24 months, using Sentinel data. The 
primary outcome is initiation of OAC, with secondary outcomes including 
rates of stroke hospitalization and bleeding events. Eligibility for the trial 
was also determined using Sentinel data; an algorithm identified patients 
who were at risk and not currently being treated with an OAC. This trial, 
said Platt, demonstrates that it is possible to use Sentinel to identify indi-
viduals who are eligible for intervention, and also to support the implemen-
tation and follow-up of the trial. 

4  See https://www.fda.gov/downloads/Drugs/ScienceResearch/UCM625206.pdf (accessed 
November 6, 2018).

5  See https://www.fda.gov/Drugs/ScienceResearch/ucm624785.htm (accessed January 4, 2019); 
https://www.fda.gov/Drugs/ScienceResearch/ucm624785.htm (accessed January 4, 2019).
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DEVICE REGISTRIES 

Rachael Fleurence, National Evaluation System for health Technology 
(NEST), told workshop participants about applying lessons learned from 
device registries to other treatment types.  Fleurence noted that devices are 
sometimes “forgotten” in a conversation that focuses primarily on drugs, 
but that RWD and RWE are essential for early identification of problems 
with devices. Fleurence gave several examples of devices for which RWE 
could be useful: metal-on-metal hip implants, the contraceptive device 
Essure, and power morcellators for uterine fibroids. 

Fleurence noted that there are major differences in the ways that devices 
and drugs are regulated by FDA, and that these differences impact the gen-
eration and use of RWE in each arena. For drugs, said Fleurence, approval is 
based on substantial evidence from well-controlled investigations. Approval 
requires disclosure of adverse events, and manufacturers must conduct post-
approval safety studies. The National Drug Code ensures that the drugs 
that patients take can be accurately identified in claims and EHR data. On 
the device side, there are two pathways for approval: premarket approval 
(PMA) and 5-10K. For PMA, generally a single small study is required, said 
Fleurence. Postapproval requirements are variable, and only apply to PMAs. 
While a system to accurately track the use of devices (the Universal Device 
Identifier) was put in place in 2015, it is not compulsory for payers or health 
systems. As a consequence, it is difficult, but not impossible, to identify 
brand-specific devices in EHR and claims data, said Fleurence. 

Fleurence sees a particular benefit of RWE and RWD for devices in 
two ways. First, RWE can help support a “pre/postmarket shift,” in which 
devices can receive approval more quickly, when there is confidence that 
there will be robust postapproval data collected on safety and effectiveness. 
Second, RWE could help to improve the Medical Device Reporting system, 
with implementation of automated surveillance methods. These methods 
could be used to quickly identify problems with a device so that action 
could be taken (e.g., pull device from the market and/or conduct further 
safety research). These two benefits of RWE would help patients gain access 
to innovative, safe, and effective devices more quickly, said Fleurence. To 
explore and capitalize on these potential benefits of RWE, the NEST Coor-
dinating Center (NESTcc) was established in 2017 as a catalyst to “sup-
port timely and reliable development of high-quality real-world evidence.” 
To do so, NESTcc will establish partnerships with a range of stakeholders 
that provide data and analytics solutions, will set data quality and methods 
standards, and will offer products and services of value to stakeholders, 
said Fleurence. 

Registries have historically played an important role in the regulatory 
space for medical devices, said Fleurence. There are some very high-quality 
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registries in the device space, including the Vascular Quality Initiative, the 
International Consortium of Orthopedic Registries, and the Transcatheter 
Valve Therapy Registry. In addition to these individual registries, there is a 
movement toward a Coordinated Registries Network, which links existing 
registries with other sources of data such as claims and EHR data. These 
registries, she said, “provide high-quality and fit-for-purpose data, and 
support both observational and randomized interventions, possibly at a 
lower cost.” In addition, algorithms can be used to assess registry data for 
automated safety surveillance. Registries are currently the main source of 
RWE decisions by FDA’s Center for Devices and Radiological Health, said 
Fleurence. 

However, despite the utility of registries, there are challenges. First, 
developing and maintaining a registry is expensive, and inputting data into 
registries is time consuming. Second, registries cannot be developed for all 
devices, disease areas, and patient populations. Third, there is limited use 
of the Unique Device Identifier in claims and EHR data. Finally, a device 
outcome can depend not just on the device itself, but on the skill of the 
provider who is implanting the device. Differentiating among issues linked 
to the device itself and issues due to the experience of the person perform-
ing the intervention must be accounted for in studies of registry data, she 
said. In addition to these device-specific challenges, there are a number of 
ecosystem-wide challenges—that is, challenges with using any type of RWD 
and RWE. These challenges include the difficulty of ensuring the quality of 
data, missing data, data linkage issues, data privacy and security concerns, 
and issues with appropriate analytic methods. Fleurence noted in particular 
that there are challenges with administrative issues—for example, the length 
of time it takes for research studies to obtain legal review and Institutional 
Review Board approval. She hypothesized that the single device registries 
model is likely to evolve soon. Rather, there will be a new model and an 
expanded definition of registries; for example, a “registry” might actually 
be a tool for linking preexisting data such as EHRs and claims data, rather 
than a repository for new input of data. 

In conclusion, Fleurence said tremendous progress has been made in 
the past decade. Technology and adoption of new tools has accelerated, 
and stakeholders are collaborating to change culture and to increase the 
involvement of patients. However, the current barriers are still real, and 
time, resources, and leadership will be needed to overcome them. “There 
is no question that the future lies in the use of RWD and generating robust 
RWE,” said Fleurence, but “how far off that future lies is the question.” 
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Key Messages Identified by Individual Workshop Participants

• Real-world data (RWD) and real-world evidence (RWE) could 
prove useful in product development, but there are several bar-
riers to successful implementation; barriers may include a lack 
of knowledge about RWE and non-interventional research, 
systems that are not built to use RWE, and mistrust and mis-
understanding of RWD. (Bradbury, Levy) 

• Randomized controlled trials (RCTs) are the traditional design 
for evidence-generating clinical research, while observational 
database studies are seen as riskier due in part to less precise 
data; hybrid approaches such as pragmatic trials and cluster 
randomized designs require some real-world considerations, 
but combine some advantages of both RCTs and RWE  studies. 
Clinical researchers require support and training to choose 
appropriate research methodologies. (Ford) 

• Defragmenting data sources from different stakeholders to cre-
ate integrated “deep data” provides a more complete picture 
of a medical product; defragmentation relies on data sharing 
while remaining cognizant of patient privacy, data security, and 
the protection of business interests. (Wilson) 

• Evidence hierarchies that exist in medical product research 
could be revisited with the emergence of RWE as a way to 
assess products outside of classic RCTs. (Cao) 

4

Barriers and Disincentives to 
the Use of Real-World Evidence 

and Real-World Data

  

39
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• Integrating RWD into clinical research can lead to stronger 
and more sustainable research designs that align with the needs 
of multiple stakeholders; potential approaches for RWD and 
RWE integration include extension, augmentation, enrichment, 
and pragmatic design. (Doyle) 

• A lack of urgency to adopt RWE is problematic, and includ-
ing non-traditional stakeholders in research—patients or 
 researchers from different fields of study—could break 
down the barrier of RWD and RWE use in clinical research. 
(McCollister-Slipp)

In this session of the first workshop, presenters and workshop partici-
pants discussed the structures in various institutions that incentivize the 
maintenance of the current data generation process, identified disincen-
tives and barriers to the incorporation of real-world evidence (RWE), and 
considered ways in which incentives could be better aligned. Presenters 
included researchers, product developers, and data aggregator and  analytics 
companies. 

THE USE OF REAL-WORLD EVIDENCE AND  
REAL-WORLD DATA IN PRODUCT DEVELOPMENT 

Elliott Levy, senior vice president of global development at Amgen 
Inc., began by challenging the notion that there are perverse incentives that 
encourage companies to develop drugs in ways that are unnecessarily time 
consuming and costly. Levy said there is not “resistance from above” to 
the use of real-world data (RWD) and RWE; to the contrary, the pharma-
ceutical industry is acutely aware of the need to transform the drug devel-
opment system in ways that acknowledge the revolution of big data and 
the potential for RWE and RWD. Drug developers, said Levy, are already 
making extensive use of RWD and big data for internal decision making 
along the entire process of drug development and marketing. Although 
traditional clinical trials still play a big role, the evidence from these trials 
and from RWE are “complementary sources of insight.” RWD can help to 
improve the pragmatism and relevance of clinical trials, for example, by 
adding patient-reported outcomes, by making the intervention more simi-
lar to real-life clinical interventions, or by removing unnecessary exclusion 
criteria. RWE and clinical trials are currently playing complementary roles, 
he said, but the next step would be for RWE to actually replace clinical 
trial evidence. This would be a dramatic change to the process of product 
development, and would address the fundamental challenge of drug devel-
opment today—the extraordinary cost. 
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There are some very significant barriers to replacing randomized con-
trolled trials (RCTs) with RWE, said Levy, as described in the following 
paragraphs.

Lack of Knowledge and Awareness 

Levy noted that many of the people working in product development 
are those “who are steeped in the randomized clinical trial model, who have 
benefited from the prestige and scientific cache of the randomized clinical 
trial, and who have deep faith in it and, to some degree, distrust for non-
interventional methods.” The physician scientists who lead product teams 
are accustomed to and comfortable with working with traditional forms 
of evidence generation, and simply are not aware of the potential uses and 
benefits of RWE. 

Talents and Capabilities 

Few people working in product development have experience conduct-
ing observational or non-interventional research, said Levy. Those who do, 
he said, are usually situated in groups (e.g., safety surveillance) that do not 
contribute to drug development. 

Systems and Processes 

Drug development organizations have been optimized to generate 
evidence from randomized interventional trials, and there are simply no 
systems or processes in place to efficiently and effectively implement alter-
native trial designs. 

These barriers present a significant challenge for replacing RCTs with 
RWE, said Levy. However, the “good news” is that all of these barriers 
can be addressed. While the topic area—RWE and RWD—is new, the bar-
riers are not. “These are classic challenges that organizations face as they 
try to develop new ways of working or launching new products,” he said. 
Addressing these barriers will require senior leaders to demonstrate com-
mitment to the adoption of RWE, investment in training of team members, 
and a willingness to examine and change organizational structures. 

Brian Bradbury, executive director in the Center for Observational 
Research at Amgen Inc., offered his perspective as an epidemiologist within 
a product development organization. Bradbury said that although he and 
his team have conducted RWE studies on the effectiveness and/or safety of 
a therapeutic intervention, motivating colleagues within his organization 
who are less familiar with non-interventional studies to embrace RWE-
based approaches is a challenge. Bradbury identified a number of existing 
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obstacles to the adoption of RWE-based approaches in drug development 
organizations: 

• Lack of understanding of non-interventional research methodology; 
• Inability to distinguish between higher and lower quality RWE;
• Mistrust of data that were captured outside of traditional RCTs; 

and
• No clear regulatory pathway for RWE-based approaches. 

These barriers, said Bradbury, discourage product teams from pursuing 
RWE-based approaches. In particular, he said, the lack of a clear regulatory 
pathway means there is less willingness to mobilize resources and develop 
capabilities for an approach that may not be acceptable to regulators.

MAKING CHOICES ABOUT RESEARCH DESIGN

Clinical researchers have choices about how to design their research, 
said Daniel Ford. Different research designs have advantages and disadvan-
tages, and these must be weighed against each other when determining what 
path to take. Johns Hopkins has a resource called the “Research Studio,” 
said Ford, which provides researchers with expert advice on how to choose 
the appropriate methodology to answer a research question. Ford explained 
some of the considerations that might come into play when a researcher is 
deciding between a database observational study and a traditional RCT. 

Traditional RCTs, said Ford, are what people have “grown up” with 
and make them feel more comfortable. Although RCTs require a commit-
ment to recruitment and data collection, and are highly regulated, the anal-
ysis is fairly straightforward and the conclusions can have a high impact. 
If a researcher wishes to publish in a high-impact journal, a standard 
RCT is the “short ticket” to get there, Ford said. Database observational 
 studies, on the other hand, are seen as riskier by many researchers, he said. 
It is more difficult to investigate biological pathways and causation with 
database studies, and analysis of the research depends on highly complex 
statistics. Ford said the complexity of analysis often means that researchers 
will need to find and rely on a colleague who is an expert in the area. In 
addition, the data in real-world sources tend to be less precise than data 
from clinical trials, and sometimes do not meet the needs of researchers. For 
example, electronic health records (EHRs) often have incomplete or missing 
data points, or the information is not readily accessible (e.g., test results are 
in PDF format). However, database observational studies are considerably 
less regulated and take a relatively short time to complete. 

These challenges of observational database studies, said Ford, can dis-
suade researchers from choosing this pathway. Ford noted that younger 
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investigators can sometimes be hesitant to “rock the boat” by choosing the 
riskier path before establishing themselves with more traditional research 
methods. One particular challenge to using RWD for research is that phe-
nomena are limited to what are available (e.g., the data in the EHR); this 
can be difficult for some researchers to accept, said Ford. To breach the 
divide between RCTs and RWE, said Ford, researchers need to consider 
hybrid research approaches such as pragmatic trials or cluster randomized 
designs. These approaches, too, have challenges—they require engagement 
of the health system and health providers, incorporation of disparate real-
world data sources, and analysis that is usually more complicated than an 
RCT. However, these approaches can offer the rigor of an RCT with the 
cost and time savings of RWE. Clinical researchers need support, training, 
and tools to choose appropriate methodologies and to feel comfortable 
working with RWE and hybrid methods, concluded Ford.

ACCELERATING EVIDENCE GENERATION 
THROUGH DEFRAGMENTATION

One of the biggest barriers to the adoption of RWE and RWD, said 
Marcus Wilson, president of HealthCore, Inc., is the fact that there is a 
“natural gravitational pull” back to the old, traditional ways of doing 
things—in this case, RCTs. Unfortunately, RCTs have limitations, said 
 Wilson. RCTs cannot generate clarity about how the product will perform 
in the real world. Differences between the patients studied in the trials 
and the patients using the product in the real world may include age, race, 
ethnicity, gender, comorbidities, concomitant drugs, lifestyle variances, and 
varying levels of compliance. RCTs also leave us with a lack of precision, 
said Wilson, which is a hindrance to effective clinical support. Clinical 
trials can indicate if a product works, and if a product is safe, but they 
cannot explain precisely for whom the product is effective or safe, he said. 
Individual patient decisions are still based on inferences and intuition, 
rather than on precise evidence. Data on how a product performs in the 
real world—and on how a patient’s phenotype matters for efficacy and 
safety—are not collected until the product is already on the market, which 
means that many decisions are being made without this evidence. 

Collecting these types of RWE that can support decision making is 
challenging, said Wilson, because patient data are highly fragmented. Most 
RWD—no matter the sources—are fairly limited in value on their own. 
Once the fragmented data are integrated together, however, one can “begin 
to see things you couldn’t see before” (see Figure 4-1). Wilson said that 
while there is a great deal of attention on “big data,” the availability of 
“deep data” is more relevant. Unfortunately, stakeholders are often reluc-
tant to share or integrate their data due to a long history of a fragmented 
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FIGURE 4-1 The importance of integrated data.
SOURCE: Wilson presentation, September 19, 2017. 
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system, competing priorities and agendas of institutions, and a lack of trust 
among stakeholders. 

Wilson gave an example of his experience attempting to integrate data 
from different stakeholders. The California Integrated Data Exchange (Cal 
INDEX),1 which launched in 2014, was a nonprofit organization seeking 
to develop a next-generation health information exchange. The idea, said 
 Wilson, was to collect data from multiple health providers and health 
insurers across California, and these data could be accessed by providers 
in order to administer the highest quality care possible. Wilson said that in 
initial talks with California providers, 32 of the largest health care systems 
expressed a strong interest in participating. However, in the following 
3 years, only one provider actually signed up. The biggest challenge, he 
said, was trust. Data sharing among stakeholders—even if it is beneficial 

1  Cal INDEX eventually merged with another health information exchange organization 
and the project is now known as Manifest MedEx. 
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to all parties—requires trust and collaboration, and this remains a huge 
barrier, he said. Wilson closed by identifying some of the core principles of 
defragmentation:

• Patient privacy and data security: This is essential to defragmenta-
tion because patients will only share data if they are confident that 
their information will remain private and secure.

• Avoid data misadventuring: RWD are often generated for a specific 
purpose, and can only be understood in context. Because of this, it 
is risky to simply pull RWD into research without understanding 
where they came from and how they can be used.

• Protect business interests of data sources: Much of the distrust 
among business stakeholders stems from a fear that the data they 
share will be used to their disadvantage. These stakeholders may be 
incentivized to share data if they are convinced of the benefits of an 
active learning health system. For these stakeholders, “it becomes 
a wonderful trade-off” to share their data in exchange for a richer 
and more useful system of data.

• Accelerate progress from RWD to RWE: RWD are not generally 
created with research in mind, so more work needs to be done 
to understand how and for what purpose RWD should be used, 
and stakeholders should work collaboratively to improve the data 
sources.

EVIDENCE HIERARCHIES 

A major barrier to the adoption of RWE, said Hui Cao, executive direc-
tor, Center of Excellence for RWE, Global Medical Affairs, Novartis, is a 
“fixed mindset” introduced in medical school that evidence from RCTs is 
the best possible evidence. There are “evidence hierarchies,” said Cao, that 
place RCTs at the top, and put RWE at level 2 or even lower. Researchers 
and providers are comfortable with RCTs, and they understand the ben-
efits and limitations. However, Cao suggested that in order to truly make 
change, these hierarchies need to be revisited. Many years ago, the tools 
and methods for generating RWE did not exist, said Cao, but now there 
is a better understanding of what can be derived from the real world. The 
hierarchies of evidence should be adjusted accordingly, she said. Wilson said 
some of the reticence of researchers to embrace RWE stems from a lack of 
trust in the data source and the methods used to assess the data. Different 
types of RWE—and different sources of RWD—are variable in quality, and 
should be judged accordingly. Not every data source, he said, is fit for every 
purpose: there is a need for more rigor in vetting of RWD sources, as well 
as the methods used to assess RWD. Cao responded that while she agreed 
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that RWD should be scrutinized carefully, evidence from RCTs needs to be 
scrutinized as well. Some other workshop participants discussed additional 
barriers to using RWD and RWE in research (see Box 4-1). 

OPPORTUNITIES TO INTEGRATE REAL-WORLD DATA 
AND REAL-WORLD EVIDENCE IN RESEARCH

There is an ongoing transformation in the health research world, said 
John Doyle, senior vice president and general manager, Real-World and 
Analytics Solutions at IQVIA (formerly QuintilesIMS), with trends toward 
growing costs, shrinking reimbursements, and more personalized medicine. 
This transformation is leading to an increased demand and need for real-
world data and evidence, he said. For example, patients and payers are 
demanding proof of value of new interventions compared with standard of 
care, and the move to precision medicine requires generating evidence for 
smaller and more diverse subgroups. The traditional approach to health 
research, said Doyle, involved a systematic, methodical process of solving a 
problem for a single, isolated stakeholder. The new approach, by contrast, 
seeks to design studies in ways that can align the needs and requirements 
of multiple stakeholders and solve problems in a more integrated, evidence-
based way with the use of RWD and RWE (see Figure 4-2). 

BOX 4-1  
Barriers to Adoption of Real-World Evidence 

and Real-World Data in Research as Discussed 
by Individual Workshop Participants

•  Gravitational pull-back to the traditional ways. (McCollister-Slipp and Wilson)
•  Lack of knowledge about real-world evidence (RWE). (Levy)
•  Lack of understanding of non-interventional research methods. (Bradbury and 

Levy)
•  Systems and processes are built for traditional evidence generation. (Levy and 

Wilson)
•  Inability to distinguish between high- and low-quality RWE. (Bradbury)
•  Researchers’ mistrust of data that were not collected in a randomized con-

trolled trial (RCT). (Bradbury and Wilson)
•  No clear regulatory path for RWE-based approaches. (Bradbury)
•  RWE-based research is dependent on complex statistical analysis. (Ford)
•  Data from real-world sources are less precise or less accessible. (Ford) 
•  Fragmented patient data. (Wilson)
•  Lack of trust among stakeholders prevents data sharing. (Wilson)
•  Evidence hierarchies favor evidence from RCTs. (Cao)
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FIGURE 4-2 Transformation from traditional to new approach of evidence 
generation.
SOURCE: Doyle presentation, September 19, 2017. 
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All stages of clinical research have challenges and barriers, said Doyle, 
but the use of RWD can begin to address some of these barriers. For exam-
ple, in the study design and planning phase, RWD can be used to validate 
protocol feasibility. Alternative and more efficient pathways to patient 
recruitment and enrollment can be achieved through the use of RWD. Dur-
ing the data collection and analysis phase, automated tools can be used 
for real-time tracking, analysis, and reporting. Researchers have already 
realized some of the advantages of the use of RWD—anecdotally, Doyle 
reported that recruitment times are being reduced and recruitment rates 
are increasing, start-up time lines are compressed, and the cost of evidence 
generation has been reduced. 

Using RWD and RWE in clinical research, said Doyle, addresses one 
simple but often overlooked fact: “Real-world patients are fundamentally 
different than clinical trial patients.” No matter how well a clinical trial is 
conducted, questions remain about how the findings will extend to more 
diverse patient populations, how the lack of perfect adherence will affect 
outcomes, or what the longer term outcomes will be. “We need to bridge 
that gap with real-world evidence,” said Doyle. 

Doyle discussed several “mosaic methodologies” in which traditional 
RCT components are blended with newer RWE components (see Figure 4-3). 
The first methodology is called “extension.” This approach starts with a 
traditional RCT and patients consent to link their data from other sources, 
such as EHRs or Fitbits. This allows a researcher to conduct an initial RCT 
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and then collect follow-up data that can be linked. The second approach is 
“augmentation,” in which RWE is used as control data for a single-arm trial. 
“Enrichment,” the third approach, is similar, but combines primary data 
collected by patients and practitioners with secondary data from EHRs and 
other sources (e.g., registries). Finally, pragmatic design is a method in which 
study participants are randomized, initial data are collected, and follow-up is 
conducted through the collection of RWD. This method is “the best of both 
worlds,” said Doyle, because it uses randomization to address the threats to 
internal validity, while also providing RWD for generalizability. 

Doyle closed with a story about how integrating RWD into clini-
cal research can lead to stronger, more sustainable research design. 
 QuintilesIMS was building an evidence platform for lung cancer, and had 
designed it with input from multiple experts, including oncologists, epide-
miologists, and patient advocates. After developing a dozen protocols, the 
designers decided to “hit the pause button” and test the design with patients 
and physicians in the real world. The designers found that although there 
was a lot of agreement with what they had already developed, there were 
a few places where they had prioritized outcomes that did not matter to 
patients while completely missing other outcomes that did matter. This was 
an “eye-opening” experience, said Doyle. 

DISCUSSION

One of the biggest barriers to adopting RWE and RWD, said Anna 
McCollister-Slipp, chief advocate for participatory research at Scripps 
Translational Institute, founder of VitalCrowd, and co-founder of Galileo 
Analytics, is a “lack of a sense of urgency.” Researchers, funders, reviewers, 
institutions, and other stakeholders are “stuck in a paradigm” that they are 
accustomed to, and they are unable or unwilling to break away from tra-
ditions and explore new and alternative sources of evidence. McCollister-
Slipp said there are real consequences to overreliance on RCTs, and it is 
past time to change the traditional paradigm. One way to break down this 
barrier, she said, would be to invite other perspectives into the decision-
making process from people who are not usually involved, for example, 
patients and people from other fields of study. Currently, the involvement 
of patients and communities in medical research is limited mostly to par-
ticipating as subjects and consulting on Institutional Review Board require-
ments and ethical guidelines. Instead, patients and communities should 
be involved from the beginning stages of research, she said, and help to 
guide the design process. McCollister-Slipp urged workshop participants 
to think big: “We have got to stop tinkering at the edges of the way we do 
things. . . . We need to think very holistically about how we can . . . truly 
disrupt this process and create change.”
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Levy noted that randomization is still vitally important for determining 
if a product works, particularly in disease areas with small effect sizes. Rory 
Collins agreed and said the method of randomization in general is often 
conflated with the way in which RCTs are actually conducted. Rather than 
changing the methodology—that is, not using randomization—“we should 
use the methodology differently,” said Collins. Michael Horberg added that 
not every question can be answered with an RCT, just as not every question 
can be answered with RWE. The research question, the clinical context, and 
the decision to be made all influence how a trial is designed, and what the 
sources of data are. RWD are not simple and cheap alternatives to RCTs, 
said Bradbury; the data are complex and need to be appropriate for the 
research question. 

A primary goal for the research community, said John Graham, is to 
understand and accept that there is a role for RCTs, prospective observa-
tional studies, retrospective observational studies, and many other meth-
odologies that span the spectrum. Together, the wealth of different data 
sources and methodologies can come together to give the full answer to 
the research question. Researchers need to start, he said, with the patients’ 
needs, and develop the appropriate methodologies and data sources to find 
the answers.
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Key Messages Identified by Individual Workshop Participants

• The clinical evidence-generating system should move past pre-
cision to reliability; the system should build reusable elements 
embedded in practice (learning system), use quality by design, 
use automation for repetitive tasks, and operate from basic 
principles of scientific research. (Califf) 

• Real-world evidence (RWE) could address multiple challenges 
along the drug development pathway; possible uses for RWE 
throughout the development cycle include the development of 
clinical pathways, the optimization of trial design and price, 
the study of comparative effectiveness, and the study of com-
pliance and adherence patterns. (Graham) 

• Rather than focus on replacing randomized controlled trials 
(RCTs) with observational studies, clinical researchers should 
focus on improving RCTs. Using randomization, RCTs are 
good at exposing moderate effects on treatments, but they 
are also costly; innovation could focus on new principles for 
randomized trial designs that do not put unnecessary emphasis 
on data verification. (Collins) 

• One approach to the use of observational data networks could 
be the implementation of “all by all analyses,” which reflect 
the full amount of data on a particular set of medical products. 
(Ryan) 

5

Getting Unstuck:  
Mythbusting the Current System

  

51
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• The U.S. Food and Drug Administration acknowledges that the 
current evidence generation system needs to be fixed, and while 
RWE traditionally has been used to monitor product safety, 
there are opportunities to use it to test product effectiveness, 
too. Thoughtful research protocol is important for any use of 
RWE, and in particular, master protocol could be a promising 
platform for its use in drug approval. (Woodcock)

While the majority of the first workshop focused on exploring the 
future potential of real-world data (RWD) and real-world evidence (RWE), 
and identifying the challenges that need to be addressed, this final session 
instead focused on dissecting the current system of evidence generation. 
Evidence for decision making, particularly regulatory decision making, is 
traditionally generated through randomized controlled trials (RCTs). The 
first part of this chapter explores the drawbacks and misconceptions about 
RCTs and other current methods, while the second part of the chapter dis-
cusses ways in which the system could be improved, including through the 
incorporation of RWD and RWE. 

FROM PRECISION TO RELIABILITY

The traditional system of evidence generation, said Robert Califf, has 
done enormous good. It has delivered evaluations of the benefits and risks 
of medical products and interventions that have enabled these technologies 
to have a dramatic impact on life expectancy, physical function, and the 
ability to enjoy life. However, the traditional evidence-generation system 
has become “bloated and burdened” with practices that massively increase 
the cost of research without necessarily improving the quality, he said. 
Califf said that while the old system has not failed, the current time is an 
important inflection point with the opportunity to refocus efforts and dra-
matically accelerate the generation of evidence while also improving quality. 

Science is in an “explosive phase,” said Califf, in which there is a 
proliferation of technologies and new approaches for research, prevention, 
diagnosis, and treatment. At the same time, the costs of doing research are 
increasing. In some cases, this has resulted in “putting things on the shelf 
because we can’t afford to do the development,” said Califf. In addition, 
the cost of health care has been rising, which is leading health systems to 
try to assess the comparative value of old and new therapies. The result 
of all of these changes is a dramatic need to generate more high-quality 
evidence about diagnostic and therapeutic technologies and clinical strate-
gies. However, the current evidence-generation system is well intentioned, 
but flawed: it is expensive, slow, not always reliable, unattractive to clini-
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cians and administrators, and does not answer the questions that matter 
most to patients. This old, unsustainable system, said Califf, was built at 
a time when technology was limited, clinical notes in health records were 
handwritten, and there were few electronic data in the context of routine 
clinical care. As computing advanced faster in non-medical sectors than 
in the practice of medicine, research experts developed parallel systems 
to record clinical findings entirely separately from clinical practice; the 
perpetuation of this “parallel universe” of data and antiquated systems 
led to some “bizarre” inefficiencies. For example, said Califf, as electronic 
health records (EHRs) developed, research coordinators were instructed to 
print out notes in order to produce a written record, which would then be 
checked against the electronic system. These types of “arcane practices” 
were codified and amplified through the development of good clinical prac-
tices (GCPs) and standard operating procedures (SOPs), he said. 

One practice that is particularly troublesome, said Califf, is the idea 
that recording each data point with as much precision as possible will result 
in a more reliable estimate of treatment effect. However, this “patently 
incorrect” belief results in wasting millions of dollars, without an appre-
ciable increase in the quality or utility of the evidence generated. As an 
example, Califf pointed to a case in which thousands of patients were 
studied to determine the dosing regimen of a certain drug. A U.S. Food 
and Drug Administration (FDA) inspector expressed a lack of confidence in 
the results because the exact time the drug was ingested was not recorded. 
Recording the time of ingestion would have cost “probably on the order 
of $10 million,” and would have likely contributed little information in a 
drug administered twice per day. What is needed now, said Califf, is moving 
away from this narrow focus on precision to a broader focus on reliability. 
Clinical trials should be designed and conducted in order to produce reli-
able results that meet the needs of patients, providers, payers, and policy 
makers, said Califf. 

Califf drew a distinction between a system focused on precision and a 
system focused on reliability by offering the definitions of each word:

• Precision: (1) The quality, condition, or fact of being exact and 
accurate. (2) Refinement in a measurement, calculation, or specifi-
cation, especially as represented by the number of digits given.

• Reliable: Consistently good in quality or performance; able to be 
trusted. 

Califf explained that for some types of research, precision is critically 
important. For example, if small samples and measurements are expensive 
to take, precision is essential. Precision is also important in early phases 
of research when little is known, or for research where the administration 
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of a drug must be carefully timed. However, for many studies, a focus on 
precision limits the potential of research by creating budget requirements 
that severely limit the size of the study that can be conducted, the duration 
of follow-up, or the number of endpoints that can be examined. For these 
studies, the more important characteristic is that the results are dependable, 
sound, and able to be trusted, he said. In essence, these studies should focus 
on “providing the answers to the questions that matter to the patients.” 

An evidence-generating system that focused on reliability, said Califf, 
would have four key principles: 

1. Build a reusable system embedded in practice; 
2. Use quality by design; 
3. Use automation for repetitive tasks; and 
4. Operate from basic principles.

First, an evidence-generating system focused on reliability would be 
a learning system that is embedded in clinical practice, and would enable 
learning from every encounter (see Figure 5-1). This is an old concept in 
health care and is a fundamental concept in business. In addition, the les-
sons learned would return to the point of care and be used to improve care. 
Califf observed that this capability is being developed by public–private 
partnerships and integrated health systems, and noted that “if these various 
systems can work together in a federated way, I think we are getting close 
to having a national system that can be reused at a very low cost for differ-
ent kinds of questions.” This vision of a new national system would collect 
data during routine care, would use active surveillance to protect patients, 
would leverage RWE to support regulatory decisions, and could be used to 
inform decisions by all stakeholders in the ecosystem, said Califf. 

Second, the system would use a quality-by-design approach in order 
to focus on and eliminate errors that bias the results, while ignoring errors 
that do not affect the outcome. Trying to eliminate all errors, said Califf, is 
costly, inefficient, and unnecessary. Califf said the quality-by-design process 
requires researchers to think through the objectives of the trial, identify the 
factors that are critical to meeting those objectives, and work to mitigate 
the risks that are likely to lead to errors that matter. Califf directed work-
shop participants to the quality-by-design toolkit for further information.1 

The third principle of a reliability-focused system, said Califf, would 
be to capitalize on the rapidly expanding technologies and infrastructure 
that are available. Examples would be using automation for repetitive 
tasks, performing real-time analysis of data that are routinely collected, and 

1  The Clinical Trials Transformation Initiative’s quality-by-design toolkit can be found at 
http://www.ctti-clinicaltrials.org/toolkit/QbD (accessed November 2, 2018). 
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FIGURE 5-1 Learning health care system.
SOURCES: Califf presentation, September 20, 2017; Greene et al., 2012. 

developing infrastructure to share the results with practitioners to support 
a constantly learning system. Califf noted that automated analysis of data 
could help fill in the evidence gaps on endpoints that are less well under-
stood, at a considerably lower cost. 

Finally, a reliability-focused system should operate from basic principles 
of good scientific research, rather than simply creating another “bureau-
cratic entanglement” of new and different SOPs (see Box 5-1). Some basic 
principles, said Califf, would include 

• Focusing on errors that matter;
• Enrolling study participants who are likely to inform the question; 
• Randomizing; 
• Masking; 
• Measuring outcomes in a manner that is fit for purpose; 
• Considering strengths of different designs for different purposes; 

and
• Designing operations that yield an answer to the question in an 

efficient manner. 
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BOX 5-1 
A Patient’s Perspective on Randomized Controlled Trials (RCTs)  

as Presented by McCollister-Slipp

Anna McCollister-Slipp, chief advocate for participatory research at Scripps 
Translational Science Institute, founder of VitalCrowd, and co-founder of Galileo 
Analytics, talked about her eye-opening experience as a patient involved in a 
clinical trial. McCollister-Slipp has been managing her type 1 diabetes for decades 
with multiple medications and devices, many of which require monitoring specific 
outcomes that are seemingly unrelated to her actual health, she said. As a result 
of being a “frustrated patient,” she co-founded Galileo Analytics, which takes 
real-world evidence and puts it in a platform that is easy, fast, and agile. Through 
Galileo and other ventures, McCollister-Slipp became involved in discussions 
about research policy and clinical research design, but had never been a partici-
pant in a clinical trial herself. A few years ago, McCollister-Slipp was selected for 
a trial, and the experience was “incredibly informative” as someone involved in 
the research space, she said. The questions that were asked of participants were 
“completely irrelevant” to what was actually being studied; she was required to fill 
out handwritten diaries and answer questionnaires; and she was asked to write 
down data that were already structured and machine readable. This experience 
led her to have doubts about the validity of the data that are collected in clinical 
trials. She wondered if the other participants, like her, were “just rushing through 
their diary to get it done,” and whether participants had enough vested interest in 
the trial to enter the data correctly and accurately. While she had already known 
about the challenges of generalizability that are inherent to RCTs, her experience 
led her to question the validity of the data itself.

INTEGRATING THE NEW WITH THE OLD

The traditional evidence-generation system, said Califf, is not necessar-
ily broken, but needs dramatic improvement. Several speakers addressed 
the issue of how to integrate RWD and RWE with the traditional evidence-
generation system, and more generally, how to generate better answers for 
questions, no matter what method or source of data. 

Real-World Evidence to Address Challenges 
Along the Drug Development Pathway

John Graham, head of value, evidence, and outcomes at  GlaxoSmithKline 
(GSK), echoed other speakers in his opening remarks: “We need to have 
the right answers to the right questions at the right time.” In getting these 
answers, said Graham, RWE is a must-have, but it is not a replacement for 
traditional research. Using both traditional and new methods of research 
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and sources of data will lead to a richer and more informative body of 
knowledge to inform decisions. GSK has been trying to move from a 
“study-by-study” assessment process to a “challenge-based thinking pro-
cess,” said Graham. The challenge-based process starts with clarifying 
the end goal: What does the patient need to have an improved outcome? 
The second step is identifying the challenges to getting the patient to that 
improved outcome. Finally, “We look for a book of work that can resolve 
that challenge,” he said. The book of work can include multiple sources of 
data and types of studies, and can include evidence from traditional RCTs 
as well as RWE. Graham stressed that trials that include randomization 
are essential for understanding causation and laying a base of knowledge. 
However, RWE can be a useful adjunct to RCTs in order to expand under-
standing of disease and the patient experience. 

Graham said that there are broad uses for RWE along the drug dis covery 
and development pathway (see Figure 5-2). Much of the focus is often on 
using RWE in prediscovery or in postmarketing evaluation. However, said 
Graham, there are unique capabilities of RWE that can be used in other 
phases as well. For example, social media can be used to understand the per-
spectives and needs of patients. Graham noted that patient advocacy groups 
often give the perspective of the “professional patient,” but social media 
allows GSK to tap into the “real-world” patients. He said that as researchers 
are planning RCTs, they can design components such as outcomes, mea-
sures, and tools in ways that are most appropriate for the patients. Another 
unique use of RWE is to understand the thresholds of effect that are most 
important for patients; for example, a drug could be produced that results in 
a small reduction in blood glucose in diabetes patients, but this effect might 
be too small for patients to want to take the drug. 

Each step of drug discovery and development has challenges and tough 
decisions; RWE can help focus drug development along the entire pathway, 
said Graham. RWE can be used during discovery to estimate unmet needs, 
or to characterize patient heterogeneity. RWE can be used during develop-
ment to form clinical pathways, optimize trial design, and optimize price. 
RWE can be used after approval to study comparative effectiveness, learn 
about compliance and adherence patterns, and investigate effectiveness in 
subpopulations. RWE, concluded Graham, is not about one method or one 
source of data, but about using information to overcome challenges and 
improve patient outcomes. 

The Need to Streamline and Continue the Use of  
Randomized Controlled Trials

Several speakers at the workshop identified problems with the tradi-
tional reliance on RCTs, and proposed using non-randomized observational 
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studies of RWD as an alternative to RCTs. Rory Collins presented a dif-
ferent perspective: RCTs are overly regulated, unnecessarily expensive, and 
focused on rules that are not based on scientific principles. In his opinion, 
the solution is not to replace RCTs with non-randomized observational 
studies, but instead to make it easier to do RCTs. 

While non-randomized observational studies may be useful for detect-
ing large effects of treatments on health outcomes that are rare, RCTs are 
necessary for detecting moderate effects of treatments on common health 
outcomes reliably, said Collins. Non-randomized observational studies, he 
said, are limited in detecting moderate treatment effects and causal associa-
tions. When based on large databases, such studies may find associations of 
health outcomes with treatments that are highly statistically significant and 
precise, but that does not mean they are causally related, Collins said. This 
is because the underlying risk of people who take the treatment and those 
who do not may differ systematically, even after statistical adjustment. 
By contrast, randomization allows differences in outcomes to be caus-
ally attributed to treatment, because the randomized patient groups differ 
only randomly from each other in terms of their underlying risk of events. 
Randomization also allows use of a blinded control group, which can help 
ensure events are ascertained similarly in the randomized treatment groups, 
yielding unbiased treatment comparisons. 

The current challenges with RCTs, said Collins, are in large part due 
to the widespread misapplication of the GCP guidelines for clinical trials 
issued by the International Conference on Harmonisation (ICH). Collins 
said these guidelines are not based on key scientific principles that are criti-
cal for the generation of reliable results in RCTs, and that the complexity 
and costs of adhering to them are unsustainable. In addition, ICH-GCP is 
applied far more widely than its original purpose: It was developed only 
for registration trials of new drugs, but compliance with it is now also 
required by governments (e.g., the European Union Regulation for Clinical 
Trials) and non-commercial funders (e.g., the Gates Foundation). Collins 
gave several examples of ICH-GCP–related practices that are wasteful, 
 inefficient, and ineffective: 

• Requirement to record all adverse events (AEs), not just serious 
AEs; 

• Requirement to record narratives for all serious AEs in case there 
is an excess of a particular AE; 

• Demands for unblinded results for AEs (including even primary 
outcomes) during ongoing trials; and

• Annual reports required by regulatory authorities that are so long 
that safety signals risk being lost.
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In short, the ICH-GCP guidelines put undue emphasis on the quality of 
the data in RCTs, said Collins, rather than on the generation by RCTs of 
reliable results about the safety and efficacy of the treatment being studied. 
In his opinion, focus on compliance with rules due to overregulation and 
related bureaucracy, rather than on innovative designs and good results in 
RCTs, has resulted in obstacles, delays, and high costs. As a consequence, 
he contended, it has led some researchers to pursue the alternative of 
using non-randomized observational studies—what he called the misuse 
of RWE—to assess treatments, despite their potential for biases. Noting 
that the ICH-GCP guidelines require specific qualifications for investors, 
source data verification, and regulatory documentation, Collins argued 
there is an urgent need to improve RCT methodology through the devel-
opment of comprehensive new RCT guidelines based on key scientific 
principles required to generate evidence about the safety and efficacy of 
treatments that can be trusted. 

Other individual workshop participants noted that a purpose of ICH-
GCP was to give providers guidelines for how to conduct research well. Janet 
Woodcock, director of FDA’s Center for Drug Evaluation and Research, 
noted that regulations are designed to protect people, as well as the scientific 
enterprise, from bad actors. However, with this caveat,  Woodcock said that 
regulations for the 21st century need to have a more “flexible understanding 
of quality” and a structure that allows for consistent monitoring and course 
correction, rather than rigid and unyielding rules. 

From “One Study at a Time” to “All by All” Analyses

Patrick Ryan, senior director and head of epidemiology analytics at 
Janssen Research & Development, spoke to workshop participants about 
the Observational Health Data Sciences and Informatics (OHDSI) program. 
OHDSI is an open science community, said Ryan, where anyone can partici-
pate in conducting research on observational databases. The goal of OHDSI 
is to “improve health by empowering the community to collaboratively 
generate evidence,” he said. OHDSI operates across 20 different countries, 
with more than 200 researchers. Similar to Sentinel, OHDSI has a distrib-
uted data network with open community standards. Collectively, there 
are more than 60 databases that contain patient records for 660 million 
patients. OHDSI’s strategy, said Ryan, includes methodological research 
in order to establish and evaluate scientific best practices before applying 
them to observational data. The results of this research are codified into 
open-source tools that the entire community can use, with all code shared 
on GitHub (a Web-based repository for code).2 This open-source approach, 

2  For more information about GitHub, see https://github.com (accessed November 2, 2018).
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said Ryan, is part of OHDSI’s “moral obligation to . . . generate the evi-
dence and get it out to patients as quickly as possible.” Ryan described the 
three focal points of OHDSI’s research:

1. Clinical characterization: The diagnoses, treatments, and outcomes 
for a population;

2. Patient-level predictions: The probability of an individual patient 
developing the disease or experiencing an outcome; and

3. Population-level effect estimation: What are the causal effects 
between treatments and outcomes? 

Focusing on population-level effect estimation, Ryan conducted a live 
demonstration of evidence analysis for the workshop participants. Ryan 
started with a paper about antidepressant medication use and the risk of 
preeclampsia in pregnant women with depression (Avalos et al., 2015). 
The study found an observed association between antidepressants and 
preeclampsia, and found that the association was stronger for selective 
serotonin reuptake inhibitors (SSRIs) in particular, with a statistically sig-
nificant relative risk of 1.4, said Ryan. Another observational study, said 
Ryan, looked at the same question, using data from the Medicaid popula-
tion (Palmsten et al., 2013). This study, in contrast with the first, found 
that other types of depression medications (serotonin and norepinephrine 
reuptake inhibitors and tricyclics) were associated with a higher risk of 
preeclampsia than SSRIs. In this study, SSRIs had a non-statistically signifi-
cant relative risk of 1.00. A third paper that Ryan presented was a meta-
analysis of research that looked at the link between antidepressants and 
pre eclampsia. This meta-analysis concluded that “while some studies have 
suggested a moderately increased risk, the current data do not allow for a 
definitive conclusion.” The meta-analysis pointed out the methodological 
limitations of many of the studies, and the fact that untreated depression 
and anxiety could not be disentangled from the results. 

Ryan showed the audience a funnel plot that contained data from these 
studies, as well as other studies that had been mined from the published 
literature on the topic of antidepressants and preeclampsia (see Figure 5-3). 
The pattern on the funnel plot, said Ryan, “should be alarming.” The plot 
showed that the evidence is skewed toward the right, that is, more results 
are positive than negative. In addition, 70 percent of the results are statisti-
cally significant and many of these are hovering right at the dashed line that 
represents a p-value3 of 0.05. This pattern, said Ryan, suggests that “some-

3  A p-value represents the probability of finding the observed results if the null hypothesis 
were true. A p-value of less than 0.05 is often used to determine whether a result is statisti-
cally significant.
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one kept working at the data until they got p less than 0.05 and then quit.” 
Ryan showed the workshop participants another funnel plot that plotted 
60,000 published observational studies on multiple disease states (see Fig-
ure 5-4). This plot showed that, again, the studies were skewed toward 
positive results, and 80 percent of the published studies were statistically 
significant, with many studies hovering right at the 0.05 line. 

This exercise, said Ryan, demonstrates that “we can’t necessarily trust 
the process that we are using to generate evidence as a community.” Our 
current process, Ryan said, is to conduct one observational study at a time, 
with one hypothesis, one dataset, and one method. Each of these studies is 
viewed individually, but given the pattern on the funnel plot, “it can’t pos-
sibly be the case that all of these studies are totally correct.” The process of 
generating evidence in RCTs, said Ryan, is not much better. He pointed to 
a meta-analysis of multiple clinical trials on depression. The meta-analysis 
concluded that there was not sufficient evidence to draw conclusions about 
the comparative risk of side effects, including suicidality, cardiovascular 
events, and seizures. If “we still don’t know the answer, despite decades of 
research and hundreds of millions spent on this question,” he asked, what 
could be done differently? 

Ryan suggested that obtaining the answers we need is best done by con-
sidering the patient perspective. An individual patient with depression, said 
Ryan, wants to know which of many available treatments would be best for 
him or her. Different patients may prioritize different factors; for example, 
one patient may want to know about suicidality while another is more 
concerned about hepatotoxicity. Ideally, every patient would have access 
to every personally relevant data point. The way to do this, said Ryan, is 
through an observational data network, like OHDSI, of multiple standard-
ized data sources that can answer questions one at a time. For example, a 
person could “ask” the network about whether one specific antidepressant 
increases the risk of diarrhea more than another. The observational data in 
the network may or may not be statistically significant, and may have large 
or small effect estimates, but the person asking the question can see all of 
this information and make a decision accordingly. 

The question that remains, however, is how do researchers know these 
data are reliable? Ryan showed workshop participants another funnel plot. 
This figure graphed every observational data point within the OHDSI sys-
tem, comparing all antidepressants against each other on all outcomes—an 
“all by all analysis.” This funnel plot (see Figure 5-5), unlike the plots from 
RCTs, does not have a preponderance of data hovering around the line of 
statistical significance, and the huge majority of the dots are not statistically 
significant. Because these data are not subject to a researcher or a publica-
tion deciding what to publish, they reflect the true breadth of data and not 
a subjective selection. This pattern, said Ryan, suggests that the evidence 
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in these databases is less biased than the evidence from the published trials, 
and therefore more reliable for making decisions. There is still variability 
within these data, said Ryan; however, the systematic approach helps to 
remove the variability that is introduced and leaves the variability that is 
inherent to patient heterogeneity and health system bias and other factors. 

Randomized trials, said Ryan, are still appropriate for many purposes. 
However, in the current system, there are many clinical areas in which 
 trials have not occurred and practitioners operate without evidence. Using 
this systematic approach to examine the totality of observational evidence 
in order to generate answers is one solution to this evidence gap, he said. 

REGULATORY PERSPECTIVE

Woodcock agreed with the speakers on several points. The current 
evidence-generation system for medical products is very costly and time 
consuming, and leaves many questions about product use unanswered. 
One consequence of this situation, Woodcock said, is that many clinical 
decisions are not evidence based because generating the answers is too 
expensive. As one potential solution to this problem, Woodcock said that 
“FDA is committed to exploring the use of real-world evidence in regula-
tory decisions.” 

FDA is exploring the use of RWE in several ways, Woodcock said. 
In the drug space, FDA is involved in a demonstration project called 
 IMPACT-AFib, a randomized educational intervention that uses Sentinel 
to examine outcomes (see Richard Platt’s presentation in Chapter 3). In the 
device space, FDA’s Center for Devices and Radiological Health and Center 
for Biologics Evaluation and Research issued guidance in mid-2017 about 
the use of RWE for device decisions. The device guidance, titled “Use of 
Real-World Evidence to Support Regulatory Decision-Making,”4 discusses 
the challenges with current device evidence development, and proposes 
potential uses of RWE for device regulation. These uses include using 
RWE to examine outcomes, but also as historical or concurrent controls, 
to expand the label for an approved device, or for safety surveillance. This 
guidance, said Woodcock, should serve as an incentive for the device indus-
try to invest in making RWE generation more robust. Similar considerations 
apply to the use of RWE for drug approval, said Woodcock. RWE has long 
been used for the evaluation of safety in the postmarketing of products, but 
there is little historical use of RWE for decisions about effectiveness. How-
ever, she noted that “there are no hard and fast rules” about how evidence 
must be generated for drug approval, with the exception of rules about 

4  See https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/ guidance 
documents/ucm513027.pdf (accessed November 7, 2018).
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informed consent and patient privacy. FDA is open to a wide spectrum of 
evidence, from standard clinical trials to pragmatic trials conducted in the 
health care system. However, she noted, there are trade-offs involved in 
the choice of trial design, including data reliability, pragmatism, control of 
errors, safety, and other factors, and FDA would consider these trade-offs 
when evaluating RWE. For example, it would be inappropriate to run a 
first-in-human trial in a real-world setting, she said. 

Woodcock gave several examples of ways in which FDA has used or 
is considering using RWE for drug approval. Drugs for rare diseases have 
been approved using data from registry-like case series, she said. For exam-
ple, Lumizyme for Pompe disease was approved using survival data from 
an international registry of infantile-onset disease. Registry data have also 
been used for external controls for uncontrolled experience data, she said. 
FDA is exploring how randomization would work in registry or health care 
settings, and they are collaborating with other stakeholders to improve the 
validity of key data elements that are collected during the course of health 
care. Woodcock referred to the quality-by-design approach that Califf had 
mentioned, and said using this approach ensures that “you get it right the 
first time”—data are put into the EHR correctly and do not have to be 
adjudicated and curated later. 

There are several potential uses for RWE during the drug development 
process, said Woodcock, including 

• Natural history information: RWE is valuable for learning about 
patients’ experiences with a disease, and what their burdens and 
needs are. RWE can help develop appropriate outcomes for a study, 
based on patient progression and self-reported outcomes. This is 
particularly true for rare diseases and/or diseases that are very 
heterogeneous. Rare disease experts, she said, are often wrong, 
because their opinions are based on the few patients that they 
have seen, so it is essential to get RWE from as many patients as 
possible. 

• Biomarker development: Understanding biomarkers and choos-
ing appropriate markers is important for developing drugs in an 
efficient way. Biomarkers that are critical to development should 
be explored in humans as thoroughly as possible before initiating 
a study, and RWE approaches could be essential to gathering this 
information. 

• Hybrid model for investigational drugs: There are ways to com-
bine traditional study approaches with RWE. For example, an 
investigational drug could be evaluated in a hybrid model that uses 
traditional randomization for initial assignment of patients and 
uses RWE to measure outcomes. This approach requires integrat-
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ing the trial into the health care process, and collaborating with 
care givers as research partners. A good example of this approach 
is the National Institutes of Health Collaboratory. 

• Add new indications to an approved drug: When extending the 
label of an approved drug, RWE may be compelling enough that an 
RCT is not needed. For example, ivacaftor, a drug used for cystic 
fibrosis, could have been approved for additional mutations based 
on registry data, combined with trial and mechanistic data. 

Woodcock said that for any use of RWE, the important part is ensur-
ing that the research protocol is designed thoughtfully and appropriately. 
If the design is excellent and takes into consideration potential errors and 
how to manage them, FDA or any other regulatory body could agree on 
the alternative design and agree to accept the evidence. 

One design approach that is particularly promising, said Woodcock, 
is the use of master protocols. Master protocols are continuous, ongoing 
trials that can study multiple interventions and outcomes, with the goal 
of having “continuous improvement in the disease outcome.” The use of 
master protocols, said Woodcock, saves time, offers an opportunity to 
include community practitioners and integrate research and practice, can 
answer multiple questions, is patient-centric, and can use adaptive designs 
creatively. However, there are also challenges involved with this approach: 
It is a novel approach that is difficult to set up at the beginning, and it does 
not comport with the traditional models of pharmaceutical development, 
academic rewards, or grant funding. Master protocols offer an opportunity 
to incorporate RWD as extensively as possible, said Woodcock, although 
this will require additional work in standardization, data verification, train-
ing, and curation. These initial investments, however, will likely pay off in 
terms of lower costs, greater efficiency, the engagement of first-line practi-
tioners, and the ability to answer more questions. 

Science and medical care are rapidly changing, said Woodcock, and 
these changes mean “that we are going to have to change our traditions.” 
More rare and orphan diseases are being studied, and even in common 
diseases, there are targeted therapies with companion diagnostics. These 
changes are narrowing the target population for a medical product in such 
a way that traditional trials do not work very well, she said. The current 
inability to efficiently generate needed evidence for drug development and 
for clinical practice, she said, will continue to be a major barrier to innova-
tion and the quality of care. Drug developers and regulators will have to 
adapt to this new world with innovative designs and the use of RWE to get 
the answers that patients need. Woodcock stressed the need for pragmatism 
in research and for improving the current situation. She noted that what 
clinicians do now is often “based on observational studies or, even worse, 
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individual experience.” The research community could instead focus on 
making evidence generation easier and more efficient, while still empha-
sizing reliability, in order to get the answers that patients, providers, and 
regulators need to make decisions.
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Key Messages Identified by Individual Workshop Participants

• The usefulness of a real-world data (RWD) source for a par-
ticular question depends on whether it has information about 
the correct population, exposures, and outcomes. (Altan, Yaist)

• Accuracy and confidence in RWD vary predictably, depending 
on factors such as treatment administration method or the 
outcome being measured. (Cao)

• RWD of different quality for different purposes may be accept-
able. (Platt, Temple, Yaist)

• RWD collected by providers are affected by both the experi-
ence of the provider and the incentives they face. (Hernandez, 
Simon)

• Challenges in RWD analysis are often also challenges to 
improving patient care, such as fragmentation. (Berliner)

• Organizations interested in conducting or assessing RWD 
 studies often use specific, sequenced questions to determine 
study feasibility, identify appropriate data sources, and assess 
methods and tools for use in the study. (Altan, Ball, Yaist)

• Patient-generated health data can be collected nearly continu-
ously, come from many sources, answer research questions 
that were not previously answerable, and potentially facilitate 
access and participation from otherwise unrepresented patient 
populations. It can present difficulties in analysis or data stor-

6

When Is a Real-World Data Element 
Fit for Assessment of Eligibility, 

Treatment Exposure, or Outcomes?
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age, and is subject to different biases than data collected within 
the health care system. (Foschini)

• RWD can be affected by systemic bias as well as random bias, 
and is unique from other data sources because of its dynamic 
nature. These factors can be compensated through various 
techniques, but are important for researchers to be mindful 
of as they are using the data. (Altan, Berger, Berlin, Foschini, 
Graff, Hernandez, Izem, Simon, Yaist) 

• Data sharing and transparency in data curation and analysis 
techniques could be improved to encourage broader use of 
reliable real-world evidence. (Berger, Lieberman, McGraw)

While the first workshop explored the general issues concerning the 
use of real-world data (RWD) and real-world evidence (RWE), many indi-
vidual participants at the second and third workshops drilled down into 
these issues in an attempt to identify specific questions to consider before 
using RWD and RWE in a study design. During the second workshop, 
individual participants suggested sets of questions organized by topic based 
on the workshop’s three sessions. These questions, the discussions at the 
second workshop, and additional work by several individual workshop par-
ticipants between the second and third workshops informed further refine-
ment of the questions into several “decision aids.” The decision aids were 
discussed at the third workshop and were intended to prompt discussion 
among the participants and inform them and potentially other stakeholders 
about topics in study design. Several sessions at the third workshop focused 
on these decision aids and explored the “sticking points” that individual 
workshop participants had identified at the second workshop. The presen-
tations and discussions in the second and third workshops are covered in 
Chapters 6 through 9 of these proceedings, divided by the topic areas of 
the decision aids.

REAL-WORLD DATA ELEMENTS

As discussed in Chapter 1, there is no consensus on a definition of 
RWD. However, Brande Yaist, senior director of global patient outcomes 
and RWE at Eli Lilly and Company, said there are common themes among 
definitions. In particular, RWD are data that are derived from a variety of 
real-world sources, such as electronic health records (EHRs) and claims 
data, pragmatic trials, registries, social media, and directly from patients 
(see Figure 6-1). There are also hybrid approaches, where RWD are used 
in combination with primary clinical trial data collection. 
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FIGURE 6-1 Possible sources of real-world data.
SOURCE: Yaist presentation, July 17, 2018. 
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With this wide definition of RWD, there is an almost infinite amount 
of data. Gregory Daniel, deputy director of the Duke-Margolis Center for 
Health Policy, asked when can we rely on these data? That is, when can 
RWD be used to assess characteristics of participants in a trial, such as 
eligibility, baseline health state, or key prognostic factors? When can RWD 
be relied on to assess patient outcomes? When can data that are generated 
by patients or by their devices be considered reliable? Perhaps most impor-
tantly, asked Daniel, how can the reliability of RWD be assessed before time 
and money are spent to conduct a study? 

To answer these questions, workshop presenters and participants dis-
cussed the reliability of RWD, using illustrative examples to elucidate 
some of the main challenges, and referring to the draft decision aid (see 
Figure 6-3 later in this chapter). 

ILLUSTRATIVE EXAMPLES

To explore the issues surrounding the use of RWD, speakers at the 
second and third workshops presented case studies as illustrative examples 
of the considerations that go into designing and conducting a real-world 
study. 
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NOACs Versus Warfarin

At the second workshop, Adrian Hernandez, vice dean for clinical 
research at the Duke University School of Medicine, presented a suite of 
 trials that compared novel oral anticoagulants (NOACs) with  warfarin. 
Oral anticoagulants like warfarin have long been used in patients for a 
 number of indications, including reducing the risk of stroke and  embolism in 
patients with atrial fibrillation. However, there are challenges involved with 
warfarin use, such as requirements for patient monitoring, said  Hernandez, 
and many patients do not receive effective management (Go et al., 1999). 
The use of warfarin is suboptimal, even among high-risk patients, he said 
(Waldo et al., 2005). Researchers have been developing novel anticoagu-
lants as an alternative to warfarin, and there were four pivotal trials used 
for approval of these drugs for the treatment of atrial fibrillation and risk 
reduction for stroke. Together, these trials enrolled more than 70,000 
patients to compare NOACs with warfarin; each used slightly different 
methods and targeted different types of patients, but all involved some use 
of RWD. The trials presented were the following:

• Randomized Evaluation of Long-Term Anticoagulation Therapy 
(RE-LY) (Connolly et al., 2009);

• Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Com-
pared with Vitamin K Antagonism for Prevention of Stroke and 
Embolism Trial in Atrial Fibrillation (ROCKET AF) (Patel et al., 
2011);

• Apixaban for Reduction in Stroke and Other Thromboembolic 
Events in Atrial Fibrillation (ARISTOTLE) (Granger et al., 2011); 
and

• Effective Anticoagulation with Factor Xa Next Generation in Atrial 
Fibrillation-Thrombolysis in Myocardial Infarction 48 (ENGAGE 
AF-TIMI 48) (Giugliano et al., 2013).

The outcomes of these trials, said Hernandez, were largely consistent 
and showed that NOACs were non-inferior to warfarin. A 2014 meta-
analysis showed that all four trials favored NOACs over warfarin for the 
risk of stroke and systemic embolic events, as well as secondary outcomes, 
such as ischemic stroke, hemorrhagic stroke, myocardial infarction (MI), 
and all-cause mortality (Ruff et al., 2014).

Hernandez outlined some of the major difficulties in conducting these 
studies. Three of the trials—which all enrolled thousands of patients—were 
double blinded. This led to, said Hernandez, enormous challenges for the 
investigators in terms of monitoring, ensuring standard of care, and adju-
dicating the outcomes (see Chapter 8 for more details on blinding). 

http://www.nap.edu/25352


Examining the Impact of Real-World Evidence on Medical Product Development: Proceedings of a Workshop ...

Copyright National Academy of Sciences. All rights reserved.

WHEN IS AN RWD ELEMENT FIT FOR ASSESSMENT? 75

Hernandez suggested that in order to assess the quality of these trials, 
one could use time in therapeutic range as a surrogate for quality. Warfarin 
has a narrow therapeutic window—for most indications, the international 
normalized ratio (INR) should be between 2 and 3. If the INR is lower, 
the risk of ischemic stroke is higher; if the INR is higher, the risk of intra-
cranial hemorrhage is higher. For this reason, patients on warfarin must be 
monitored frequently to ensure that they are in the appropriate therapeutic 
window. In the ROCKET-AF study, a large majority of patients were in the 
therapeutic range (with an INR target of 2.5, inclusive from 2 to 3). 

Friends of Cancer Research Pilot Project

At the third workshop, Jeff Allen, president and chief executive officer 
of Friends of Cancer Research, talked about a pilot project that investigated 
the performance of real-world endpoints among patients with advanced 
non-small cell lung cancer (aNSCLC) who were treated with immune 
checkpoint inhibitors. The goal of the project, said Allen, was to explore 
potential endpoints that may be fit for regulatory purposes as well as to 
assess the long-term benefits of a product. The project used a retrospec-
tive observational analysis design with patient-level data. The data were 
derived from EHRs and claims databases from six data partners. The study 
was conducted in a distributed manner, said Allen, which meant that each 
partner maintained and analyzed its own data; the partners collaborated to 
develop common data elements and methodological approaches so that the 
analyses would be as similar as possible. Allen described the three research 
objectives:

1. Characterize the demographic and clinical characteristics of 
aNSCLC patients treated with immune checkpoint inhibitors.

2. Assess ability to generate real-world endpoints in aNSCLC patients 
treated with immune checkpoint inhibitors, and segmented by clini-
cal and demographic characteristics.

3. Assess performance of real-world endpoints as surrogate endpoints 
for overall survival.

Investigators defined and assessed five endpoints of interest for this 
population, all of which could be gleaned from the RWD sources. Allen 
noted that it was remarkably challenging to define and standardize these 
endpoints among different data sources to ensure that the study was com-
paring “apples to apples.” Allen also noted that these endpoints were not 
necessarily indicative of the full potential of the partners’ datasets, but 
rather represented the common denominator among them all. The end-
points defined were 

http://www.nap.edu/25352


Examining the Impact of Real-World Evidence on Medical Product Development: Proceedings of a Workshop ...

Copyright National Academy of Sciences. All rights reserved.

76 IMPACT OF RWE ON MEDICAL PRODUCT DEVELOPMENT

• Overall survival (OS): The length of time from the date that treat-
ment was initiated to the date of death; 

• Time to next treatment: The length of time between initiation of 
treatment and initiation of the next systemic treatment;

• Time to treatment discontinuation: The length of time between 
initiation and discontinuation of treatment; 

• Progression-free survival: The length of time between initiation of 
treatment and a progression event (as evidenced in the patient’s 
chart) or death; and

• Time to progression: The length of time between initiation of treat-
ment and a progression event, but excludes death as an event. 

Allen noted that the intention of this study was not to compare differ-
ent drugs or readjudicate clinical trials, but rather to look at what evidence 
could be extracted from diverse data sources and what the strength of that 
evidence would be. For the first research objective of characterizing the 
patients, Allen said they found “really great consistency [among] the dif-
ferent characteristics.” While the patient demographics and characteristics 
were not identical across the six databases, they were relatively consistent 
in terms of age, histology, sex, and treatment. 

On the next objective—assessing the ability to generate real-world 
endpoints—there were some challenges, said Allen. Even a simple endpoint 
such as death of the patient can be challenging to collect, due to the limited 
availability of accurate and timely death records. Despite these challenges, 
said Allen, there was relative consistency among the datasets on many of 
the endpoints (see Table 6-1). When segmented by patient demographics, 
there was again relative consistency, despite some outliers. This consistency 
among datasets suggests that these types of data could be used to assess 
patient populations when randomized controlled trials (RCTs) are not 
feasible or desirable. 

The third research objective was to evaluate the correlations between 
these real-world endpoints and overall survival (see Table 6-2). These cor-
relations, while not “overwhelmingly strong,” were consistent, said Allen. 
This suggests that these real-world endpoints—readily accessible in EHRs—
could potentially serve as surrogate endpoints for overall survival. 

Finally, the investigators wanted to examine how closely the overall 
survival rate from the real-world datasets would align with what had been 
observed in clinical trials for these drugs. Using data for patients on any of 
three different immune checkpoint inhibitors, the investigators compared 
the real-world overall survival rates with the ranges that had been observed 
in pivotal clinical trials for each drug. The overall survival rates from the 
databases were generally in line with the rates from the clinical trials, said 
Allen (see Figure 6-2). This came as a bit of a surprise, he said, because 
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TABLE 6-1 Real-World Endpoints in Six Datasets

Data Set rwOS rwTTD rwTTNT

Data Set A 13.50 [12.80, 14.50]a 7.03 [6.27, 9.97] 22.50 [NA]

Data Set B 15.78 [12.20, 24.59]; 
8.58 [7.56, 10.26]b

3.25 [2.76, 3.75]

Data Set C 8.67 [6.83, 10.02] 4.70 [3.68, 5.52] 11.60 [8.80, 16.10]

Data Set D 9.15 [8.82, 9.51] 3.21 [3.21, 3.44] 14.03 [12.89, 15.15]

Data Set E 12.69 [11.70, 13.87] 3.63 [3.40, 3.87] 12.07 [11.24, 13.48]

Data Set F 12.30 [9.61, 16.94] 4.60 [3.71, 6.32] 12.50 [9.29, NA]

 a Overall survival was calculated as days between I/O initiation and disenrollment. 
 b Sites with social security or state death data, censored at estimated earliest date such data 
should be available if no death was observed. 
NOTE: NA = not applicable; rwOS = real-world overall survival; rwTTD = real-world time 
to treatment discontinuation; rwTTNT = real-world time to next treatment.
SOURCE: Allen presentation, July 17, 2018. 

TABLE 6-2 Correlation Between Real-World Overall Survival and Real-
World Extracted Endpoints

Data Set

rwOS Versus rwTTNT rwOS Versus rwTTD

N
Correlation 
[95% CI] N

Correlation 
[95% CI]

Data Set A 83 0.36 254 0.63

Data Set B 225 0.62 [0.54, 0.69]

Data Set C 96 0.70 [0.58, 0.79] 295 0.89 [0.86, 0.91]

Data Set D 1,203 0.61 [0.57, 0.64] 4,337 0.80 [0.79, 0.81]

Data Set E 358 0.62 [0.54, 0.68] 1,456 0.77 [0.75, 0.79]

Data Set F 39 0.46 [0.33, 0.81] 142 0.80 [0.66, 0.85]

NOTE: CI = confidence interval; rwOS = real-world overall survival; rwTTD = real-world time 
to treatment discontinuation; rwTTNT = real-world time to next treatment.
SOURCE: Allen presentation, July 17, 2018. 

there had long been speculation that the survival rates of the homogeneous 
clinical trial populations might be lower once the treatment was applied to 
a more diverse real-world population. 

Allen concluded with what he sees as the main takeaways from this 
pilot project. First, he said, there is a high level of shared patient charac-
teristics among the datasets, despite the fact that the datasets have variable 
sample sizes and data capture processes. This similarity among sources 
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FIGURE 6-2 Real-world overall survival. 
NOTE: Each bar represents a combination of information based on three different 
products in the class from each data partner. The y-axis shows the median overall 
survival in months of advanced non-small cell lung cancer (aNSCLC) patients 
treated with a checkpoint inhibitor. The red dashed lines represent the observed 
range in overall survival levels in the pivotal randomized controlled trials for the 
same products.
SOURCES: Allen presentation, July 17, 2018; concept/data from Huang et al., 
2018.

demonstrates the feasibility of identifying aNSCLC patients from diverse 
RWD sources. Second, the study demonstrated that several real-world 
endpoints correlate well with OS. However, more research is needed to 
determine whether the endpoints could be reliable surrogates for OS, and 
whether these endpoints could support decision making by regulators and 
payers. Finally, the overall survival rates assessed from EHR and claims 
data were quite consistent with the rates observed in clinical trials, he said, 
suggesting a need for additional research on the association between data 
from real-world sources and data from clinical trials. 

DISCUSSION: CHARACTERIZING REAL-WORLD 
DATA AND REAL-WORLD EVIDENCE

Following the presentation of the illustrative examples, the workshop 
participants discussed some of the general issues and overarching consider-
ations with using RWD, in particular how one could characterize the utility 
of RWD before a study is performed. Several participants highlighted chal-
lenges in defining the population, exposure, and outcomes; concerns about 
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data collection by providers; considerations of whether and when expert 
adjudication might be necessary; and safety issues that could be addressed. 

Defining the Population, Exposure, and Outcomes

One of the pivotal parts of assessing the quality and relevance of data 
is determining if the source has information about the right population, 
the right exposure, and the right outcomes, said Yaist and Aylin Altan, 
senior vice president of research at OptumLabs, during the third workshop. 
However, defining these elements is not as straightforward as it might 
seem. During the second workshop, Jesse Berlin, vice president and global 
head, Epidemiology, Johnson & Johnson, gave an example of trying to 
determine—based on RWD—which patients have diabetes. He said there 
are multiple codes, drugs, and other data points that could indicate that 
a patient has diabetes, but there is no obvious way to determine this with 
100 percent certainty. He noted that a colleague had developed a predictive 
model that would classify the probability of patients being diabetic (which 
could mean that a patient would be a 0.8 diabetic, he noted). Gregory 
Simon concurred with the idea of a probabilistic model, noting that while 
we commonly use dichotomous classifications for medical conditions, many 
medical phenomena are “fuzzy.” The line between an MI and not an MI, 
or between depression and not depression, is not “completely crisp,” he 
said. A probabilistic approach would help to better capture the fuzziness 
of medical conditions, but could also be challenging for researchers and 
regulators to understand. 

Exposure, said Berlin, can also be difficult to determine using RWD. 
For example, exposure to a drug is usually indicated through a prescription 
for the drug in the EHR, or a record of payment for the drug in the claims 
data. However, neither of these data points can prove that the patient is 
taking the drug as prescribed. Hernandez added that when using RWD to 
capture population, exposure, and outcome, it is possible to use sensitivity 
and specificity analyses to assess the robustness of the evidence. In other 
words, even though there is variability in the data, this variability can be 
accounted for in the analysis. 

Hui Cao said that although it can be challenging to assess RWD sources 
for population, exposure, and outcomes, they are fairly straightforward in 
some situations. For example, for certain diseases (e.g., diabetes), established 
algorithms can identify the population with the disease. These algorithms 
can be employed before a study is conducted in order to understand how 
well the population can be identified and with what level of confidence, she 
said. For exposure, there is generally high confidence about accurately cap-
turing drugs given by injection or intravenously because of the administra-
tion method. However, capturing oral medications or inhaled products can 
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be trickier, she said. In terms of outcomes, the data for certain events, such 
as hospitalization for MI, are fairly accurate. For other outcomes, such as 
laboratory measures or continuous variables, the data may be less reliable. 

Robert Temple, deputy director for clinical science at the U.S. Food and 
Drug Administration’s (FDA’s) Center for Drug Evaluation and Research 
(CDER), added that while much of the discussion had been on assessing the 
quality of data for RWE studies, RWD can also be used to facilitate clini-
cal trials. For example, RWD can be used to identify patients who may be 
appropriate subjects for a trial. For this use of RWD, the quality of the data 
does not matter as much, he said, because the participants will undergo 
further evaluation for enrollment. 

Data Collection by Providers

One concern with RWD collection, said Simon, is whether providers 
can accurately assess the condition or event of interest. In RCTs, data are 
collected by providers specifically trained in the trial protocol, whereas in 
RWD, providers in real-world settings assess patients and must accurately 
and completely record necessary information. This accurate data collection 
is “foundational” to the idea of RWD, he said. If the assessment requires 
special training, technology, or tools, Simon suggested it would be better 
suited to an RCT. Hernandez emphasized the importance of examining 
the incentives (or disincentives) to accurate data collection that affect the 
providers. For example, said Simon, when Medicare changed its payment 
structure in a way that incentivized the diagnosis of “major depressive 
disorder” instead of “depression not otherwise specified,” the “ratio of 
these two diagnoses in most large health systems flipped overnight.” The 
epidemiology of depressive disorders did not change, said Simon, but rather 
the incentives that governed their recording. 

Relatedly, said Hernandez, different EHR systems vary considerably, 
and these variations can impact how providers record information. For 
example, a colleague of Hernandez “teaches his Fellows to never code for 
diabetes in their EHR system, because it pulls up a laundry list of choices 
that you have to make which don’t quite fit.” As a consequence, RWD 
from this particular EHR system are not likely to have accurate data about 
diabetes, which could result in systematic bias, he said. 

One workshop participant noted that while retrospective studies depend 
on how the provider put data into the system in the past, prospective prag-
matic trials have the opportunity to improve this initial data collection. For 
example, researchers in the Salford Lung Studies (see Chapter 3) embedded 
prompts in the EHR to improve data collection, said Simon. 

While much of the attention around data is often on assessing data 
quality once they are collected, said one workshop participant, the start-
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ing point should be ensuring that data are collected in a standardized and 
accurate way, both for research purposes and clinical purposes. EHRs, 
the workshop participant said, are designed primarily for patient care; the 
primary goal should be for the EHR to capture data that are meaningful 
and useful for patient care, including facilitating, rather than complicat-
ing, patient care by providers. Elise Berliner, director, Technology Assess-
ment Program, Center for Outcomes and Evidence, Agency for Healthcare 
Research and Quality, concurred, noting that some of the challenges in data 
analysis are also challenges to patient care—for example, patients seeking 
care outside their usual health network, or missing or fragmented health 
data. Fundamentally, said Berliner, the health care system is about patients 
and their providers. She asked, “How do we work together with the other 
stakeholders to make the data infrastructure better and more reliable?” 
Simon noted that although different stakeholders use different terms, the 
data needs of all stakeholders are essentially the same: knowing whether 
the care that a patient received worked and whether it was safe. 

Expert Adjudication

Expert adjudication, said Daniel, can sometimes be necessary to con-
firm that the recorded data are reliable or reasonably complete. Simon said 
adjudication is not for issues such as missing data or technical problems, but 
rather for validating that the source clinician correctly assessed the patient 
and accurately recorded the data. Unfortunately, he said, “We cannot put 
ourselves in a time machine and go back . . . and interview that patient our-
selves.” Adjudication generally means using low-quality text notes in order 
to validate the data against the record, said Simon.  Hernandez said that not 
all clinical data need to be adjudicated, because ultimately they may not 
matter if they are correct. For example, if errors in assessment or recording 
are random and not systematic, this random error should not affect the 
results. Joanne Waldstreicher noted that there is empirical literature about 
expert adjudication and when it makes a difference. 

Safety Issues

In clinical trials, said Simon, adverse safety events can be detected 
because trial participants’ baseline health status is measured before the 
trial begins, so any adverse events that occur after the exposure may be 
attributable to the intervention. For example, a participant’s blood pressure 
will be measured at the beginning of a trial and then measured again after 
exposure to the intervention. However, in a real-world setting, “things are 
measured when they’re measured,” said Simon. In this scenario, it may be 
more difficult to differentiate between comorbidities (i.e., a health condition 
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that was preexisting) and adverse events (i.e., a health condition that was 
due to the intervention). This may make it more difficult to assess safety 
issues using RWD, said Simon. 

Another safety issue raised by Simon was the issue of misclassification 
of data. Normally, random misclassification of data biases a study toward 
the null (i.e., random error may result in a finding of no effect). In a study 
examining effectiveness, the result of this bias would be a finding that the 
intervention had no effect on outcomes, he said. However, random misclas-
sification may also result in missing safety events, which could “lead to 
conclusions that would damage the public’s health or be unsafe.” 

DECISION AID 

The general issues discussed by individual workshop participants in the 
first and second workshops were used to identify topics that could benefit 
from further exploration in the third workshop. Draft “decision aids” 
were developed by some individual workshop series participants on dis-
crete aspects of study design to organize the topics that could benefit from 
further exploration and to facilitate deeper discussions at the workshop. 
A decision aid (like that presented at the workshop; see Figure 6-3), said 
session moderator Pall Jonsson of the National Institute for Health and 
Care Excellence in the United Kingdom, is “intended to lay out key ques-
tions for stakeholders to consider early on” in order to “make thoughtful 
choices around the development and design” of rigorous studies that use 
RWD. Many workshop participants reflected on the concepts highlighted 
in the decision aid over the course of their discussions, and some workshop 
participants offered direct feedback on the decision aid itself (see Box 6-1). 

 “FIT FOR PURPOSE” AND RELEVANCE OF DATA 

At the third workshop, a panel of speakers representing different RWE 
stakeholders shared their perspectives and experiences using RWD. The 
speakers were asked to discuss how a decision aid such as the one in Fig-
ure 6-3 could help guide the use of RWD. When considering using RWD to 
answer a research question, said Daniel, the essential question is the follow-
ing: Is the accuracy of the data good enough to reasonably and consistently 
identify the right population, the exposure or the intervention, and the right 
outcome? That is, are the data relevant and fit for purpose for the research 
question at hand? Several speakers discussed the processes they use to assess 
the relevance of RWD. 
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Researchers Using RWD Primarily from External Sources

Yaist said that when considering the use of RWD, it is imperative to 
start with the research question and the context of the decision. Only with 
this information in hand can one determine what data elements might 
answer the question and provide the information necessary to meet a cer-
tain need. Once the context of the decision is clarified, said Yaist, one can 
begin to identify possible data sources, and to evaluate these sources for 
relevance. Yaist said the first step is to see if there are already validated ways 
to get information; for example, major adverse cardiac events in claims 
data have been extensively studied. Next, the researcher would look to see 
where the needed data elements could be found—are there existing data 
sources, either from clinical care or from patients? Or do the data need to 
be collected? (See Figure 6-4 for this decision tree.) Once data sources are 
identified, the researcher would look at a number of factors to assess the 
relevance of the data for the research question: 

• Availability of key data elements (e.g., exposure, outcome, and 
covariate variables);

• Representativeness of population;
• Sufficient number of subjects;
• Availability of complete exposure window;
• Longitudinality of data; and
• Availability of elements for patient linking.

Organizations with Existing Databases of Real-World Data

Altan presented a similar approach as Yaist for assessing the relevance 
of an existing source of RWD. OptumLabs is an aggregator of data that 
stores de-identified data for use by 30 partners that can access these data. 
The data at OptumLabs originate from a wide variety of sources, includ-
ing data derived from EHRs, administrative claims, laboratory results, 
consumer data, and socioeconomic status (see Figure 6-5). 

Altan outlined a simplified version of the decision process that she uses 
when an organization approaches OptumLabs with a research question that 
potentially can be answered with existing RWD (see Figure 6-6). The first 
step, said Altan, is asking if the required sample and variables exist. That 
is, are there data on the right population, the exposure and outcome under 
study, and covariates or confounders of interest? If there are data, is there a 
sufficient sample size to power the study? Can the available data be used for 
any special needs, for example, repeated measurements or measurements of 
exposure around a specific event? 

http://www.nap.edu/25352


Examining the Impact of Real-World Evidence on Medical Product Development: Proceedings of a Workshop ...

Copyright National Academy of Sciences. All rights reserved.

84 IMPACT OF RWE ON MEDICAL PRODUCT DEVELOPMENT

DISCUSSION DRAFT 

WHEN IS A REAL-WORLD DATA ELEMENT FIT FOR ASSESSMENT 

OF ELIGIBILITY, TREATMENT EXPOSURE, OR OUTCOMES? 

When is an RWD element generated in real-world 
practice fit for assessment of eligibility, treatment 

exposure, or outcomes? 

When is an RWD element generated outside of a clinical 
setting fit for assessment of eligibility, treatment 

exposure, or outcomes? 

What is the clinical event or health state you aim to 
measure? 

Could real-world providers in these settings accurately 
recognize or evaluate this event or health state? Would 

some special training be necessary? 

If a person in the anticipated study population 
experienced this event or health state, would s/he 

present for care in one of the settings from which records 
would be extracted? 

Could potential study participants accurately report 
this event or health state? — OR — Could available 
sensing technologies accurately detect this event or 
health state? 

How might the recording systems (e.g., EHR format) in 
this provider setting influence or distort the accurate 
recording of the provider’s assessment or diagnosis? 

How might the recording system (e.g., sensor, mobile 
app) influence or distort the recording of this event or 

health state? 

What is the clinical event or health state you aim to 
measure? 

FIGURE 6-3 Real-world data (RWD) decision aid. 
NOTES: This decision aid reflects questions about development and design for 
studies using RWD, and served to assist conversation and frame workshop discus-
sions. The boxes with white backgrounds (on the left) show questions relevant to 
data generated within a health care system, such as electronic health record (EHR) 
or claims data. The boxes with the gray background (on the right) show questions 
relevant to data generated directly by patients and that would not necessarily be 
seen by a provider. This decision aid was drafted by some individual workshop 
participants based on the discussions of individual workshop participants at the 
first and second workshops in the real-world evidence series. The questions raised 
are those of the individual participants and do not necessarily represent the views 
of all workshop participants; the planning committee; or the National Academies 
of Sciences, Engineering, and Medicine, and the figure should not be construed as 
reflecting any group consensus.
SOURCE: Jonsson presentation [Session 2], July 17, 2018. 

DISCUSSION DRAFT 

WHEN IS A REAL-WORLD DATA ELEMENT FIT FOR ASSESSMENT 

OF ELIGIBILITY, TREATMENT EXPOSURE, OR OUTCOMES? 

When is an RWD element generated in real-world 
practice fit for assessment of eligibility, treatment 

exposure, or outcomes? 

When is an RWD element generated outside of a clinical 
setting fit for assessment of eligibility, treatment 

exposure, or outcomes? 

What is the clinical event or health state you aim to 
measure? 

Could real-world providers in these settings accurately 
recognize or evaluate this event or health state? Would 

some special training be necessary? 

If a person in the anticipated study population 
experienced this event or health state, would s/he 

present for care in one of the settings from which records 
would be extracted? 

Could potential study participants accurately report 
this event or health state? — OR — Could available 
sensing technologies accurately detect this event or 
health state? 

How might the recording systems (e.g., EHR format) in 
this provider setting influence or distort the accurate 
recording of the provider’s assessment or diagnosis? 

How might the recording system (e.g., sensor, mobile 
app) influence or distort the recording of this event or 

health state? 

What is the clinical event or health state you aim to 
measure? 
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Could data from different settings or recording systems 
be harmonized – in both technical and semantic senses 

(e.g., is there a common data model or standard)?

Could data from different recording systems be 
harmonized – in both technical and semantic senses (e.g., 

is there a common data model or standard)?

Could the source data elements (e.g., diagnosis codes, 
procedure codes, clinical text) be consistently reduced to 

a useful clinical phenotype?

Could the source data elements (either sensed or 
participant-reported) be consistently reduced to a useful 

clinical phenotype?

Is the “chain of custody” from source data to research data 
element transparent and traceable?

Is the “chain of custody” from source data to research data 
element transparent and traceable?

FIGURE 6-3 Continued

BOX 6-1  
Feedback on the Decision Aid as Discussed by  

Individual Workshop Participants

Several workshop participants offered specific feedback on the decision aid 
“When Is a Real-World Data Element Fit for Assessment of Eligibility, Treatment 
Exposure, or Outcomes?”:

•  This decision aid is written from the perspective of the data generator, 
rather than the data user. There may be a need for another column to 
reflect the perspective of the data user. In addition, the decision aid is “too 
high level to be useful” for a regulator who is trying to assess the quality 
of a dataset. (Ball)

•  This decision aid includes questions about data collected in the course of 
clinical care, as well as outside clinical practice. However, what is missing 
is a series of questions about existing, aggregated, observational data 
assets, such as the data used by OptumLabs. (Altan)

•  The decision aid needs to include questions about “present bias” for pa-
tient-generated health data, and needs a question about the importance 
of data permission, whether for patient-generated data or data generated 
in the course of clinical care. (Foschini) 

•  With slight wording changes, the questions on the decision aid are the 
same questions asked for every study. However, depending on a huge 
number of factors, the answers are going to be different. Answering these 
questions in a binary fashion is very difficult because the answers will 
vary depending on the research question and the context of the decision. 
For example, if the decision to be made is about the monetary value of 
a drug, the necessary level of evidence is different than if the decision to 
be made is whether to initially approve a drug. (Weiss) 

Could data from different settings or recording systems 
be harmonized – in both technical and semantic senses 

(e.g., is there a common data model or standard)?

Could data from different recording systems be 
harmonized – in both technical and semantic senses (e.g., 

is there a common data model or standard)?

Could the source data elements (e.g., diagnosis codes, 
procedure codes, clinical text) be consistently reduced to 

a useful clinical phenotype?

Could the source data elements (either sensed or 
participant-reported) be consistently reduced to a useful 

clinical phenotype?

Is the “chain of custody” from source data to research data 
element transparent and traceable?

Is the “chain of custody” from source data to research data 
element transparent and traceable?
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FIGURE 6-6 Decision process with an existing real-world data asset. 
SOURCE: Altan presentation, July 17, 2018.

• Population (power, 
subpopulations)

• Exposure
• Outcome
• Covariates/confounders
• Special issues:
− Repeated measures
− Data in relation 

to an event

• Quality standard 
given the question, 
audience, purpose

• Linkage (matching)
• Reliability, validity
• Logical relationships 

hold
• Data completeness
• Provenance (“chain 

of custody”) of data
• Sufficient knowledge 

of the impact of
quality issues 

• Missing data
• Representativeness
• Present patient bias
• Special issues:
− Benefit design
− State/federal policy
− Local issues
− Realities of health care 

delivery
− Site-specific care

Do the required sample 
& variables exist?

What is the quality 
and provenance 
of the variables?

Can sources 
and impact of bias 
be addressed?

The second step, said Altan, is determining the quality and provenance 
of the data. Similar to the process outlined by Yaist, this requires con-
sidering the research question, the audience, and the proposed purpose 
for the data, and determining what quality standard would be required. 
For example, a stakeholder looking to use RWD for regulatory purposes 
requires the highest quality data, whereas a stakeholder seeking data for 
marketing research does not. Altan also looks for completeness of the data, 
the availability of linkages among data and whether they have been well 
assessed, and whether the provenance of the data can be established. Part 
of the data quality assessment process, said Altan, is examining whether 
the impact of any quality issues can be understood. 

Finally, any sources of bias and their impact should be assessed, she 
said. Common sources of bias may include missing data, a lack of repre-
sentativeness of the sample, and the “present patient bias,” where the data 
only reflect patients who presented for care, but not those who did not 
seek care. In addition, there may be other biases such as differing policies 
or care practices. For example, a patient’s insurance policy will affect what 
his or her claims data look like, said Altan. Two patients, one who has 
insurance with a capitated model and one who has pay-for-service coverage, 
are going to have very different claims data, even if their care was similar. 
These types of bias need to be understood and addressed in order for data 
to be relevant and useful. 

Altan gave an example of how this process would work for a variety 
of data needs and research questions. One common issue, said Altan, 
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is missing data and leakage. To illustrate, Altan showed a table of data 
about hospitalizations for myocardial infarction and what medications 
were administered during the hospitalization. Some sources reported a very 
low percentage of patients receiving aspirin, which indicates to Altan that 
“something is wrong.” These differences might reflect differences among 
the sources, for example, different EHR platforms or differences in the 
types of data that each source shares. Regardless of the source of the dif-
ference, a discrepancy like this indicates there are missing data in the data-
set, and that the calculated average for aspirin use may not be accurate. 
Robert Ball, deputy director of the Office of Surveillance and Epidemiology 
at FDA’s CDER, noted that even as RWD sources and the tools for using 
them improve, it is likely that there will continue to be issues with missing 
data. One way to address this issue, he said, might be through statistical 
approaches. 

FDA Sufficiency Analyses

Ball shared details of his experience with “sufficiency analyses” in 
Sentinel, as required by the FDA Amendments Act of 2007, which have 
the same basic focus as the processes described by the other speakers. 
Sufficiency analyses, said Ball, ask the questions, “Are the data there for 
exposures, outcomes, and confounders? Are the methods and tools avail-
able? Can it be done with sufficient precision to answer the question of 
interest?” FDA has conducted these analyses for the use of RWD to study 
around 100 drug-adverse event outcomes, he said, using Sentinel’s System 
of Active Risk Identification and Analysis (ARIA). ARIA contains data in a 
common data model, which includes the “most granular elements that are 
needed to make the assessments,” clarified Ball. The curation and quality 
control of the data occur within each data partner, but the use of a central-
ized approach and centralized software help to ensure that it is an efficient 
and standardized process. Ball noted that because of the distributed model 
of Sentinel, it is important to have access to the people who know the data 
and the data systems. If a problem arises—such as missing or incomplete 
data—their knowledge of the data is critical. 

PATIENT-GENERATED DATA

Luca Foschini, co-founder and chief data scientist of Evidation Health 
(Evidation), spoke about the current state and the future potential of 
patient-generated health data (PGHD). Foschini noted that currently, most 
RWD still comes from health system data, which is episodic and limited. 
PGHD, on the other hand, can be continuously collected, helping to illumi-
nate patient experience between clinical visits. A key challenge with these 
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data, especially when passively collected from wearables and sensors, is that 
they generate huge volumes of data. For example, he said, a patient who 
has undergone a knee arthroscopy has perhaps dozens of data points in the 
claims data over the course of 1 year—the procedures undergone, the drugs 
taken, and the physical therapy conducted. On the other hand, the same 
knee arthroscopy can be measured by a device that logs steps to track pat-
terns of physical activity, potentially generating hundreds of thousands of 
data points over the course of 1 year. At scale, these types of devices are 
being used to collect RWD for millions of patients, accumulating trillions of 
data points, he said. Processing this volume of data requires infrastructure 
designed to intake, clean, and  normalize continuous data. In addition to its 
volume, the complex nature of the data requires analytical approaches such 
as artificial intelligence and machine learning, he said. 

PGHD can come from a wide variety of sources, said Foschini, such as 
devices attached to a person’s wrist or shoe, implantables, and smart devices 
in the home or car (Gambhir et al., 2018). In addition, there are PGHD 
available from social media sources, as well as data that patients report 
themselves such as surveys or diaries. Foschini said that because there are 
so many potential sources of PGHD, “the hope of having a common data 
model for [all the disparate kinds of] PGHD is doomed”; researchers should 
not wait for a common data model before beginning to use these sources, 
he said. 

Foschini discussed the value of PGHD, and how it can be used to 
answer research questions. He gave examples using several types of PGHD 
and their value for research. Evidation conducted analysis for a study that 
used wearable activity trackers to study patients with multiple sclerosis. 
One finding of the study was that it took people with multiple sclerosis a 
significantly longer time to fall asleep at night (see Table 6-3). This out-
come, said Foschini, had never before been measurable. 

TABLE 6-3 Patient-Generated Health Data for a Study of Multiple 
Sclerosis (MS)

Activity Trackers Only MS Trackers Matched Control Trackers

N 498 1,400

Percent of Days with Tracked Steps* 73% 77%

Mean Daily Stepcount* 6,379 7,188

Mean Nightly Sleep Duration (Hours) 6.3 6.5

Max Time to Fall Asleep (Minutes)* 18.58 13.91

NOTE: * p < 0.001 corrected for false discovery rate. 
SOURCES: Foschini presentation, July 17, 2018; Evidation and Novartis, 2018. 
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FIGURE 6-7 Effect of medical procedure or surgery on resting heart rate.
NOTE: SD = standard deviation.
SOURCE: Foschini presentation, July 17, 2018. 

The second example that Foschini presented was using both retrospec-
tive passively collected data with data prospectively collected from patients. 
In this study, Evidation had access to several million participants who had 
consented to share their data for this analysis, said Foschini. Participants 
also completed a survey asking if they had had any major medical procedure 
or surgery, and for more details about it if they had. Evidation then analyzed 
the types of surgery against the participants’ resting heart rate, among other 
variables, and was able to observe the effect of weight loss procedures on 
resting heart rate, which had not been possible to capture before in real-
world settings (see Figure 6-7). This study, said Foschini, took less than 1 
month to conduct. There is a real opportunity to use this model, in which 
participants are already sharing data, can be consented for a particular use 
of those data, and can be asked to provide additional information through 
survey questions, in order to quickly and easily collect fit-for-purpose RWD. 

PGHD, said Foschini, can blur the line between RWD and data from 
clinical trials. For example, at the time of the workshop, Evidation was 
beginning a new study that ultimately enrolled 10,000 patients and col-
lected prospective data on chronic pain through both devices and self-
reported surveys. The data collected, said Foschini, will be an RWD source, 
but the study process is governed by a traditional clinical trial protocol. In 
fact, he worked with the Clinical Trials Transformation Initiative (CTTI) 
on its recently released guidance about how to use mobile devices for data 
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capture in clinical trials.1 Foschini said the findings and recommendations 
of the CTTI report, as well as from the Duke-Margolis Center for Health 
Policy work on characterizing RWD quality and relevancy,2 will be rel-
evant for many sources and uses of PGHD. Other workshop participants 
discussed the potential of PGHD when linked with additional data sources 
(see Box 6-2). 

“Traditional” RWD are collected in a clinical setting (e.g., EHRs or 
claims data), said Foschini. In many ways, the considerations about rel-
evancy and quality of data are the same for PGHD and traditional RWD. 
Regardless of the source, data need to be available for key elements, need 
to be representative of the population, and need to be accurate and com-
plete, he said. Some of the potential data issues with PGHD also exist in 
traditional RWD. For example, data collected in a clinical setting can have 
the “present patient” bias, in which only patients who present for care are 
represented in the data. A similar bias is possible in PGHD, said Foschini, 
because patients who are unwell may choose to wear (or not wear) the 
device, thus “censoring their outcome” in a way similar to patients who 
present for care. 

1  See https://www.ctti-clinicaltrials.org/programs/mobile-clinical-trials (accessed January 4, 
2019).

2  See https://healthpolicy.duke.edu/sites/default/files/atoms/files/characterizing_rwd.pdf (ac-
cessed January 4, 2019).

BOX 6-2  
The Importance of Patient-Generated Data as Discussed by  

Individual Workshop Participants

The growing use of wearables and mobile technologies, David Martin, asso-
ciate director for Real World Analytics, FDA, said, may enhance our ability to col-
lect patient-generated prospective data, and there are opportunities to link these 
data with claims or electronic health record (EHR) data. Sebastian Schneeweiss, 
professor of medicine and epidemiology, Harvard Medical School and Brigham & 
Women’s Hospital, emphasized the potential for these kinds of data links, saying 
that “there is a huge advantage of marrying those two worlds together.” Richard 
Platt, professor and chair, Department of Population Medicine, and executive direc-
tor, Harvard Pilgrim Health Care Institute, Harvard Medical School, said that EHR 
and claims data miss important data, such as whether a person can climb a flight 
of stairs, or the number of seizures experienced by a patient. These data—which 
could be provided by patients—are critically important to whether a treatment is 
worthwhile, but “almost uniformly missing” from EHR or claims data. 
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There are potential types of bias and confounders that are unique to 
PGHD, said Foschini, and those need to be addressed. For example, in 
traditional RWD, a provider inputs data into the EHR or claims system, 
and in general not much thought is given to how this user experiences the 
system. With PGHD, the end user is the patient or participant, and there 
may be biases based on the user experience, said Foschini. 

Data from PGHD are potentially incredibly valuable and rich, said 
Simon, but they also may be quite chaotic. A challenge will be in monitor-
ing and interpreting the data stream so that the data are useful rather than 
overwhelming. 

DISCUSSION: REAL-WORLD DATA CONCERNS 
FOR FUTURE RESEARCH

During the second and third workshops, participants engaged in discus-
sions that reflected on specific questions around the use of RWD (some of 
which were listed in the draft decision aid), as well as exploring related or 
new topics that emerged. 

Real-World Data Compared with Data from 
Randomized Controlled Trials

While it is clearly important to ensure that RWD are accurate and 
reliable, said Robert Califf, it is also important to acknowledge that data 
from RCTs are not always accurate or reliable. RCTs are a relatively closed 
system, and the data they collect can be limited and skewed, he said. For 
example, treatments that are meant for long-term use in the real world 
cannot be fully assessed in short-term, controlled trials. For this reason, 
relying solely on RCTs and ignoring the data available in RWD could be 
“dangerous to the intended population,” he said, and called for validation 
of both RCT data and RWD. 

A workshop participant said that clinical trial endpoints do not always 
align with real-world endpoints, nor are they always relevant to patients. 
Hernandez responded that while some clinical trial endpoints are extremely 
relevant—for example, survival or staying out of the hospital—he agreed 
that there are different preferences over the journey of a patient, and that 
they should be considered going forward. In mental health practice in 
particular, said Simon, validated endpoints are quite often not relevant to 
patients’ real-world experiences. For example, a patient does not care about 
a score on the Yale-Brown Obsessive Compulsive scale, favoring instead 
daily function and quality of life. In this area, said Simon, it is imperative 
to not treat these existing measures—which are often used for RCTs—as 
the gold standard against which to validate RWD. Daniel added that it is 

http://www.nap.edu/25352


Examining the Impact of Real-World Evidence on Medical Product Development: Proceedings of a Workshop ...

Copyright National Academy of Sciences. All rights reserved.

94 IMPACT OF RWE ON MEDICAL PRODUCT DEVELOPMENT

important to make sure that endpoints are relevant to the ultimate deci-
sion maker, whether that is the patient, payer, or provider. Daniel said the 
endpoints that are studied in clinical trials may not necessarily need to be 
altered, but suggested instead focusing on developing an “evidence pack-
age” that includes trials, RWE, and other sources of information to get a 
well-rounded picture. 

In considering the relevance and quality of a data source, said Yaist, 
one of the main considerations is whether the data are representative of the 
population of interest. Data that are to be used for a regulatory decision 
need to reflect the U.S. population, she said. Unfortunately, there are few 
data sources, including EHRs and claims, that truly reflect the population. 
When using these large data sources, she said, researchers need to “really 
think about systematic bias” that may be present. For example,  researchers 
should consider the clinical context of the data source and how certain 
patients may be represented while others are not. 

One potential way to minimize bias from RWD, said Marc Berger, 
former vice president of Real World Data and Analytics at Pfizer, is to use 
multiple datasets. “You should never trust any one study,” said Berger. 
Using multiple datasets increases the likelihood that bias will be minimized, 
because each dataset may have different biases that cancel each other out 
(see Box 6-3). 

BOX 6-3  
Potential Sources of Bias in Real-World Data as Discussed by  

Individual Workshop Participants

Individual workshop participants identified a number of potential biases in 
real-world data during the discussion, including 

•  Present patient bias. (Altan)
•  Reimbursement policies that encourage patients or providers to choose 

a specific diagnosis or treatment. (Graff)
•  Policies or practices that differ among locations or systems. (Altan) 
•  User experience for patient-generated data. (Foschini)
•  Patient decisions about when to wear a monitoring device. (Foschini)
•  Different electronic health record systems that facilitate or inhibit certain 

types of data collection. (Hernandez)
•  Missing or incomplete data. (Altan, Simon) 
•  Incomplete ascertainment of stigmatized outcomes because patients 

present for care outside their primary provider or network. (Simon) 

http://www.nap.edu/25352


Examining the Impact of Real-World Evidence on Medical Product Development: Proceedings of a Workshop ...

Copyright National Academy of Sciences. All rights reserved.

WHEN IS AN RWD ELEMENT FIT FOR ASSESSMENT? 95

Dynamic Data

Rima Izem, senior mathematical statistician at CDER, said one of the 
unique characteristics of RWD is that they are dynamic—the data change 
over time, which changes the answers that can be derived from the data. 
Many studies are predicated on the assumption that the data are static, and 
algorithms are validated based on the data at one point in time, she said. But 
with RWD, prospective data are always changing, and even retrospective data 
can change because data from other sources may be added to the dataset. 
Altan shared an example of the dynamism of RWD. Researchers were using 
data from claims and EHRs in a study, and during the course of the study, the 
provider of the EHR data had a change in their client base that caused data 
to be removed from the environment and changed the sample size. 

Another way in which RWD can change over time, said Altan, is 
through changes to practice patterns for particular diseases. In a longi-
tudinal study that may last multiple decades, the data about clinical care 
and clinical outcomes can change substantially as there are regulatory 
changes, formulary changes, or changes to standard of care. Simon added 
that  coding can also change over time—for example, during a study on sui-
cide prevention, the International Statistical Classification of Diseases and 
Related Health Problems (ICD) codes for self-harm changed dramatically 
between ICD-9 and ICD-10. As a result, the researchers had to adjust the 
outcome specifications during the trial, he said. 

Berlin stressed that because of this dynamism of data, it may be neces-
sary to reassess the tools used to analyze data—for example, the algorithms 
that are validated for a certain condition may need to be revalidated after 
changes have occurred. Most importantly, he said, the data tools and 
 methods need to be transparent, so that all stakeholders can understand 
how the data have been collected, curated, and analyzed. 

The Importance of Sharing

Deven McGraw, deputy director for health information privacy at the 
U.S. Department of Health and Human Services’ Office for Civil Rights at 
the time of the workshop and currently chief regulatory officer at Ciitizen, 
observed that nearly any use of RWE and RWD requires some amount 
of data sharing. Currently, the rules and regulations about data make it 
“perfectly permissible . . . for you to do nothing but sit on the data that 
you are collecting,” she said. There are perverse incentives that discour-
age sharing, she said, because when data are shared, there are rules and 
conditions that must be followed. The hurdles to sharing are even higher 
for data that are related to sensitive conditions such as mental health or 
substance abuse, she said. Clearly, patient privacy and security should be 
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protected. However, the current system tilts the scale so far in the direction 
of privacy that data are “buried in the backyard” and are not shared and 
used to their full potential. The regulatory environment, said McGraw, has 
unintentionally created disincentives for sharing, and it is time to “rethink 
our regulatory framework and take the thumb off of one side of the scale 
and try to put it on the other side of the scale.” However, allowing any 
and all kinds of sharing would not necessarily be beneficial, she said, and a 
framework of accepted principles could be essential for reducing risks and 
increasing benefits. 

Transparency of Data Source and Curation

Berger said there is a lack of transparency around RWD and how they 
are curated. Transparency would allow researchers to check the original 
source document against the curated data in order to evaluate the quality of 
the curation, he said. Grazyna Lieberman, director of regulatory policy at 
Genentech, added that transparency enables assessment of the completeness 
of data collection, the accuracy of captured diagnoses, and the reliability of 
the processes to extract the data. 

Another area in which there is a need for transparency, said Simon, is 
in how EHRs assign ICD codes. Simon said that in mental health,  providers 
often do not type in a specific ICD code; rather, they type a text string 
that results in suggestions of ICD codes. The algorithms that map the text 
strings to the suggestions are proprietary, said Simon. Unfortunately, for 
RWD to be reliable, a researcher may need to know not just the ICD code, 
but also the text string that prompted the code. Transparency about the 
transformation from the source data to the analytic dataset is essential, 
he said, particularly in cases where the diagnosis is less straightforward 
(e.g., different types of depression versus myocardial infarction). One par-
ticular benefit of transparency is that it allows researchers to understand 
and modify code if the researcher wants a tighter or looser definition of a 
population, exposure, or outcome, said Simon. 

There is a need for publicly available, validated, generally accepted 
algorithms for identifying core clinical phenomena, said Simon. The process 
of developing and validating these algorithms should be completely trans-
parent, he said. Simon said this is a “higher level of transparency than we 
are accustomed to,” but it is critical because if a validated algorithm does 
not work, a researcher needs to be able to look at the building blocks of 
the algorithm to see where things went wrong. Without transparency, “the 
assertion that this is a valid phenotype or this is a valid specification will 
not go far; you need to show your work,” he said. 
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Context of the Decision

Yaist and Altan both emphasized the importance of considering the 
type of question that RWD are being used to answer. The research ques-
tion clearly matters when determining the relevance of the data, but just 
as important is the context of the decision to be made. For example, said 
Yaist, if there is already an established safety and efficacy profile for a drug, 
that is a far different scenario than if RWD are being used to answer initial 
questions about safety and efficacy. The quality of the data that are needed 
for these two scenarios is very different, she said. Richard Platt added that 
there may be different standards for data quality when the data are being 
used to assess the superiority of a drug versus non-inferiority. 

Participants discussed the fact that stakeholders all have a shared 
interest in the quality of the data, and they all have the same basic goal 
of improving health care. However, Simon noted, the specific data needs of 
stakeholders may vary considerably. For example, stakeholders trying to 
define and measure “myocardial infarction” may draw different  boundaries 
around this outcome depending on whether they are clinicians, payers, or 
regulators. Some may want higher specificity, but some may need higher 
sensitivity, he said. There is a shared interest in the quality of the data, but 
the context of the decision to be made is critical. 

Need for Systematic Processes

Ball said that FDA assesses a large volume of RWD studies, so “there 
has to be a very systematic and efficient process for quality assessment.” He 
said that while guiding questions such as the ones in the decision aid (see 
Figure 6-3) are useful and cover many of the key topics, FDA would need 
the questions to be systematized into an industrialized process. 

Ball noted that the current system for assessing and using RWD is 
quite resource intensive. For example, he said, to validate algorithms used 
to identify cases of anaphylaxis, subject-matter experts currently manually 
review medical records to classify cases as to whether they are anaphylaxis. 
Then, another set of experts identifies the codes to combine in an algorithm 
and the algorithm is assessed as to how well it can identify the expert- 
classified cases of anaphylaxis. This process is “slow and inefficient” and 
costly. Alternatives that are in development include tools such as natural 
language processing and machine learning technologies, he said. Simon fol-
lowed up on this point with the observation that creating an industrialized 
process for quality assessment would not only be more efficient and cost-
effective, but would also help to create a culture of quality. This culture, 
said Altan, could involve data aggregators rethinking or better documenting 
the process of data collection, cleaning, and curating. 
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Key Messages Identified by Individual Workshop Participants

• Inclusion and exclusion criteria can be broadened in real-world 
trials so patients with comorbidities or concomitant treatments 
are included. These patients may require additional monitor-
ing, and the trials will likely yield more generalizable results. 
(Califf, Horberg, Katz, London)

• When considering treatment restriction in real-world trials, 
researchers may consider a specific set of questions or catego-
ries for consideration in order to plan a trial that answers the 
research question and honors research participant safety and 
autonomy. (Alphs, Stein)

• Research driven by patients is iterative and considers patient 
needs and priorities, as well as patient experience. The focus 
of this type of research is to enable patients to make informed 
decisions about their health care. (Nowell) 

• Researchers have two duties: maintaining the trial protocol and 
caring for the well-being of their patients. If these two duties 
conflict, caring for patients is the higher priority. (Alphs, Katz, 
Simon)

• Designing a study requires a decision about how to define the 
standard of care, which can be highly variable in different 
regions, for the control arm. This decision can affect the results 
of the study, and there is an ethical obligation to ensure that 
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study participants are not receiving substandard care. (Califf, 
Hernandez, Stein)

In a real-world trial, there is a delicate balance between the needs of 
the trial and the needs of the patient, said Larry Alphs, deputy chief medi-
cal officer of Newron Pharmaceuticals. To make inferences from the study, 
 researchers need to ensure a certain level of consistent treatment adherence. 
However, researchers must also ensure that patients receive adequate treat-
ment for their condition, and that there is enough flexibility to handle unique 
patient needs and adverse events that arise. In this session, workshop partici-
pants explored how variability in treatment might affect results, and how to 
balance the needs of the study with patient autonomy and safety. Gregory 
Simon noted, “We’re talking about real-world treatment, and by that we 
mean studying treatments with typical providers and typical patients, accept-
ing that there will be highly variable quality of, and adherence to, treatment.”

ILLUSTRATIVE EXAMPLES

To explore the issues surrounding treatment quality in real-world  trials, 
speakers at the second and third workshops presented case studies as illus-
trative examples of the considerations that go into treatment quality control 
and restriction. 

Lithium for Suicide Prevention

For more than two decades, lithium has been proposed as a treatment to 
prevent suicide in patients with bipolar disorder and major depression, said 
Ira Katz, senior consultant for program evaluation at the U.S. Department 
of Veterans Affairs’ (VA’s) Office of Mental Health and Suicide Prevention. 
This idea has been supported by evidence from meta-analyses of observa-
tional studies and randomized controlled trials (RCTs) that were conducted 
for other purposes, although a propensity score-matched study of bipolar 
patients in the VA was equivocal. There had never been an adequately 
powered clinical trial on lithium, he said, and two previous  trials had been 
terminated due to difficulties in enrollment. Seeing this need, Katz and his 
colleagues proposed the idea of carrying out a large RCT within the VA to 
test lithium as a treatment for preventing suicide. The VA, said Katz, was 
an ideal site for this research because there is a large patient population, 
approximately 140 medical centers, infrastructure for suicide prevention, and 
infrastructure for clinical trials. 

The study, which is double blinded and placebo controlled, had enrolled 
around 360 people at the time of the workshop. These people had depres-
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sion or bipolar disorder and had survived a suicide attempt. The projected 
sample size is around 1,600, and it is powered to detect about a 40 percent 
reduction rate of repeated suicide attempts, said Katz. There have been 
some problems with recruitment, said Katz, but the biggest issues have 
been questions about ecological validity (i.e., the extent to which the find-
ings from the clinical trial can be generalized to treatments for patients in 
real-world settings). Simon noted that this type of study will become neces-
sary with the development of a “new generation” of treatments for suicide 
prevention. “Our current way of evaluating treatments in mental health will 
be completely incapable of assessing that question,” he said. 

Katz walked the workshop participants through a series of questions 
that the researchers needed to answer, and the considerations that went into 
answering the questions. 

Does the Selection of Participants for RCTs Lower the Outcome Rate?

To conduct a study evaluating interventions to prevent suicidal behavior 
with reasonable sample sizes, Katz emphasized the need to enroll people 
who are at an increased risk for suicide. However, the process of enrolling 
in and consenting to an RCT makes it likely that people who are truly at 
risk will be “filtered out,” said Katz. Data from electronic medical records 
suggested that among those with depression or bipolar disorder who survive 
a suicide attempt, 15 percent reattempt during the year, he said. Researchers 
expected to see a far higher number during the course of the clinical trial 
because they assumed that many suicide attempts that were not documented 
in the medical record would be captured with the assessments included in the 
RCT protocol. However, experience in the study has been consistent with 
the 15 percent rate, said Katz, which was “really surprising and a puzzle.” 
After examination of other data, the researchers determined that what was 
likely happening was a counterbalancing effect: The suicide attempt rate 
was probably decreased due to filtering out from the RCT process, and 
at the same time, it was probably increased due to the RCT protocol that 
uncovered suicide attempts.

How Rigorous Should the Study Be About Diagnoses?

A second issue that the researchers faced, said Katz, was determin-
ing the inclusion and exclusion criteria for participants. Most RCTs want 
“clean patients,” that is, those with the diagnosis but without comorbidi-
ties. However, requiring “clean patients” could exclude those at highest 
risk for suicidal behavior, said Katz. The researchers decided to permit 
comorbidities, such as posttraumatic stress disorder (PTSD) or substance 
abuse, and there was no attempt to filter out primary versus secondary 

http://www.nap.edu/25352


Examining the Impact of Real-World Evidence on Medical Product Development: Proceedings of a Workshop ...

Copyright National Academy of Sciences. All rights reserved.

102 IMPACT OF RWE ON MEDICAL PRODUCT DEVELOPMENT

diagnoses of depression. Researchers also struggled with concomitant medi-
cations. Some medications, such as diuretics and angiotensin converting 
enzyme (ACE) inhibitors, make it more difficult to manage patients on 
lithium. The researchers proposed performing extra monitoring for these 
patients, but the Institutional Review Board (IRB) decided they could not 
be enrolled. After the research began, they discovered that 30 percent of 
otherwise eligible patients were excluded specifically because they were on 
ACE inhibitors. Katz and his colleagues successfully argued to the IRB that 
these patients had to be included if the trial participants were going to be 
a representative sample of the true patient population. 

How Can Researchers Balance the Flexibility of Caring for Patients with 
the Need for Adherence to RCT Protocol?

Third, said Katz, there was the issue of finding a balance between 
providing appropriate care for patients and adhering closely to the RCT 
 protocol. “Flexibility is essential but difficult,” said Katz. He relayed the 
story of a patient who had depression, PTSD, and a personality disorder, 
and was difficult to manage. The patient was frequently late for appoint-
ments or missed them entirely. In the sixth month of the study, the patient 
missed the required blood test and assessments. The investigators, however, 
continued to send the patient supplies of the study medication while encour-
aging the patient to come in for study assessments and care. The investiga-
tors believed this to be good clinical management for the patient, though 
they recognized that it may not have been consistent with good clinical 
practice for research. The study monitor criticized this decision and judged 
it to be a serious protocol violation. The question in designing clinical trials 
relevant to patients and complex issues, said Katz, is whether the protocol 
should fit the patient, or whether the patient should fit the protocol. This is 
a difficult dilemma to navigate, particularly in clinically difficult situations 
like suicide prevention, said Katz. 

INTERSEPT and PRIDE: Real-World Mental Health Trials 

Developing real-world evidence (RWE), Alphs said, is an iterative pro-
cess that evolves over time. At the third workshop, Alphs explained that 
RWE is aimed at answering the basic questions, “Is this drug safe?” and 
“Is this drug effective?” As the body of information grows, researchers are 
able to focus their questions on specific populations that may be complex. 
The ultimate question is whether a drug is safe or effective for specific indi-
viduals within the broader population for which the drug has been shown 
to be safe and effective. However, it is unlikely there will ever be sufficient 
RWE to answer these questions at the individual patient level. 
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In real-world pragmatic clinical trials, said Alphs, patient treatment 
may need to be restricted to patients without many complicating medical 
problems for a period of time in order to generate answers about a drug’s 
safety and efficacy. When considering treatment restriction, a number of 
general questions need to be asked: 

• Which patients’ treatments will be restricted from inclusion in the 
trial? What are their vulnerabilities that lead to these restrictions? 

• What specific restrictions will be placed on treatment? What is the 
impact of these treatment restrictions? 

• In which treatment settings will restrictions be applied? Are treat-
ment practice and ethical considerations similar in all areas? 

• How long are the restrictions to be in place? Will the treatment 
restrictions have enduring impact on morbidity and mortality? 

• What is the value of the restrictions? What are the risk–benefit 
considerations of imposing these restrictions?

To answer these questions, Alphs and his colleagues developed a tem-
plate that identifies the specific considerations when designing clinical trials, 
which are divided into six domains (see Table 7-1).

Alphs presented two case studies to demonstrate how the issue of treat-
ment restriction has been dealt with in real-world trials. 

InterSePT: Clozapine Versus Olanzapine for Suicide Prevention 

The first case study was an international trial that compared the use 
of clozapine and olanzapine for suicide prevention in patients with schizo-
phrenia or schizoaffective disorder. Patients with these disorders, said Alphs, 
are at high risk of suicide behavior, with a lifetime risk of suicide attempts 
at 25 to 50 percent and a lifetime risk of death by suicide at 5 percent. This 
is an undertreated life-threatening mental health condition, and represents 
a major public health problem, said Alphs. There is stigma surrounding 
both schizophrenia and suicide, making them difficult problems to address. 

The trial, called InterSePT (International Suicide Prevention Trial), was a 
2-year, multicenter, randomized, open-label, rater-blinded study, said Alphs. 
The trial enrolled 980 patients at high risk for suicide. They were randomized 
to receive either clozapine or olanzapine and were followed for 2 years. At 
the time of the study, olanzapine was the leading state-of-the-art treatment 
for schizophrenia, although the standard of care has changed somewhat since 
the study was completed, noted Alphs. Several endpoints were assessed: sig-
nificant worsening of suicidality, hospitalization to prevent suicide attempt, 
suicide attempt, and death by suicide. Blinded raters made these assessments 
and a blinded endpoint monitoring board judged whether or not an event had 
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TABLE 7-1 Considerations for Study Design Restrictions

Domain Definition of Domain Terminology

Participant eligibility 
criteria

Considerations include the intended treatment population of 
interest as identified by the study’s authors.

Intervention flexibility Considerations include posology, dose, dosing interval, windows 
allowed for dosing; permitted concomitant treatments. The 
domain should be considered separately for experimental and 
comparisons treatment interventions.

Medical practice setting/
practitioner expertise

Considerations include experience, skills, and resources of 
the practitioner and the treatment team; the health care 
delivery system; standards of care at the site; and local cultural 
practices that may influence medical delivery or outcomes. The 
domain should be considered separately for experimental and 
comparisons treatment interventions.

Follow-up intensity and 
duration

Considerations include frequency and length of visits and the 
number and the scope of the assessments.

Outcome(s) Considerations include evaluation of measure(s) by which the 
interventions’ effects are assessed and how well they reflect 
outcomes that are used and considered important to real-world 
practice.

Participant adherence Considerations include the degree to which the subjects 
are encouraged and tracked for adherence to study-related 
procedures.

SOURCES: Alphs presentation, July 17, 2018; Alphs and Bossie, 2016.

occurred. Alphs said that at the time of the study, scales to measure suicidality 
as a clinical trial endpoint did not exist, so the research team developed new 
scales to use for regularly monitoring suicidality. 

The trial was not blinded, said Alphs, for several reasons. First, the side 
effect profiles of the two drugs are dramatically different, so it would have 
been very difficult to keep patients from knowing which treatment they 
were taking. Second, clozapine causes agranulocytosis in about 1 percent 
of the population, and as a consequence, requires regular blood draws 
that were not required for olanzapine treatment and, thus, unnecessary 
for patients randomized to that treatment arm. Finally, the study was not 
blinded because it would have been unethical to do so, said Alphs. The 
enrolled patients were at a high risk of suicide, having either been hospi-
talized for suicide ideation or having attempted suicide in the past year. 
Because the potential outcomes were so severe, and ethical considerations 
required that the research design minimize suicide attempts and deaths, the 
patients’ clinicians needed the knowledge of treatment to flexibly manage 
their patients should they become suicidal. 
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FIGURE 7-1 Cumulative probability of experiencing a significant suicide attempt 
or hospitalization to prevent suicide.
SOURCE: Alphs presentation, July 17, 2018. 

Participants in the clozapine arm of the trial required regular visits for 
blood draws. Alphs noted these visits could have impacted the patients’ 
suicidality, so all of the participants were required to come in for visits 
with the clinical staff on the same schedule, regardless of treatment arm. 
He said this requirement did not reflect the reality of olanzapine treatment 
in the real world, but it was “an absolute requirement for the safety of the 
study.” At each of these visits, the participants’ suicidality was assessed. 
Alphs noted that this assessment is “good clinical practice that should 
probably be done in every case,” including real-world clinical practice. If 
the assessment found that the patient was highly suicidal, the patient was 
hospitalized to prevent a suicide attempt. If the patient’s suicidality had 
worsened significantly, this was also considered an endpoint for the study. 

The results of the study, said Alphs, indicated that patients treated with 
clozapine were less likely to exhibit suicidal behavior or be judged at immi-
nent risk for suicide than patients treated with olanzapine (see Figure 7-1). 
Significantly fewer patients in the clozapine treatment arm attempted sui-
cide, required hospitalization, required treatment with concomitant drugs 
to prevent suicide, or died by suicide. Alphs noted that in both treatment 
groups, the extensive study surveillance and regular clinical assessment 
likely prevented suicide in many of these high-risk patients. This study 
contributed to a U.S. Food and Drug Administration (FDA) decision to 
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approve clozapine for reducing the risk of suicide in high-risk schizophrenic 
or schizoaffective patients, said Alphs. 

PRIDE: Oral Versus Injectable Antipsychotic for Treatment of 
Schizophrenia 

The second case study that Alphs presented was a trial called PRIDE 
(Alphs et al., 2015). This study sought to determine if treatment with a 
long-acting injectable antipsychotic had advantages over oral antipsychotic 
treatments when provided to recently incarcerated persons with schizo-
phrenia. Alphs said that “deinstitutionalization of the mentally ill over 
the past 50 years and changes in health policy have shifted the burden of 
care for mental illness [from mental hospitals] to jails and prisons.” Many 
mentally ill people in the United States are incarcerated, and the risk of 
reincarceration is high when people are not given access to treatment after 
leaving jail or prison. This study examined not only the potential clini-
cal benefits of an injectable antipsychotic (see also Box 7-1), but also the 
potential economic benefits that could be gained if patients are adequately 
treated for mental illness. 

The trial was a 15-month multicenter, randomized, open-label, rater-
blinded study. Participants were randomized to either an injectable anti-
psychotic (paliperidone palmitate), or to oral antipsychotic treatment (one 
of seven frequently used oral antipsychotics). Participants could de-select the 
medications in this group if the medications were considered by the partici-
pant or his/her treating physician to be ineffective for them, said Alphs. After 
de-selection of unacceptable candidate oral treatments, patients randomized 
to oral treatment were further randomly assigned to one of the remaining 
acceptable oral antipsychotics. The trial was not blinded because it was 
known that all of the drugs were relatively safe and effective, and the differ-
ence between an injectable and an oral drug would have been impractical to 
blind. The endpoints, all of which were considered “treatment failure,” were 
time to hospitalization, time to suicide, time to arrest or reincarceration, and 
time to an intervention to prevent hospitalization or arrest. 

The study found that treatment failure was 1.4 times more likely 
to occur during oral antipsychotic treatment than with injectable anti-
psychotic treatment, said Alphs. The mean days to treatment failure were 
nearly 6 months more for patients who received the injectable antipsychotic 
treatment. Using results from this study, the researchers applied economic 
modeling to stable schizophrenic Medicaid patients with similar clinical 
characteristics to predict health economic outcomes. This model estimated 
that, using the injectable treatment among all Medicaid patients with simi-
lar characteristics to those in the PRIDE study, more than $3 billion could 
be saved over an 18-month period, Alphs said. 
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BOX 7-1  
Patient Compliance as Discussed by 

Individual Workshop Participants

Gregory Simon, senior investigator, Kaiser Permanente Washington Health 
Research Institute, asked Larry Alphs, deputy chief medical officer of Newron 
Pharmaceuticals, about how decisions about patient care were made for the 
PRIDE study on oral versus injectable antipsychotics. Alphs started by noting 
that in order to benefit from oral antipsychotics, the patient must take the pill daily. 
However, patients often have difficulty taking the medication every day, and this 
subpopulation (recently incarcerated persons) is particularly susceptible to non-
compliance. The researchers “consciously did not intervene in any way in terms 
of the compliance” because this factor was part of the study question, he said. 
While the researchers were monitoring safety in general and encouraged adher-
ence to the prescribed treatment in both treatment arms, no special “compliance 
checks” were made to ensure patients were taking their medication. Simon noted 
that in an optimal environment, oral medication would be delivered with “adequate 
psychosocial support, with close monitoring of adherence, and likely with a good, 
high-quality intensive case management program for people who have been 
hospitalized for exacerbation of psychotic disorder.” However, he said, this is not 
“the world we live in.” Poor compliance is responsible for much of the bad health 
in this country, said Robert Temple, deputy director for clinical science at the U.S. 
Food and Drug Administration’s (FDA’s) Center for Drug Evaluation and Research 
(CDER). While studying the safety and efficacy of new drugs is important, “a large 
part of our misery is due to not taking the drugs that work.” Temple concluded that 
promoting or facilitating compliance was “probably the most important thing the 
health care system could do.”

DECISION AID

The general issues discussed by individual workshop participants in the 
first and second workshops were used to develop a decision aid for the third 
workshop (see Figure 7-2). As with the other decision aids, the intention was 
to outline some questions to consider in order to make thoughtful choices 
in RWE study design. Session moderator Jennifer Graff, vice president of 
comparative effectiveness research at the National Pharmaceutical Council, 
encouraged workshop participants to consider how much variation could 
be desired or accepted in terms of treatment, setting, or provider, and what 
elements of trial participant safety and autonomy could be most important. 
She asked, “What is our obligation to deliver safe care if we are watching 
what happens in the real world? What do we do and what are our obliga-
tions to deliver state-of-the-art care to patients enrolled in pragmatic trials?” 
Participants at the third workshop reflected on these questions and offered 
feedback on the decision aid throughout the course of their discussions. 
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PATIENT-CENTERED RESEARCH

W. Benjamin Nowell, director of patient-centered research at the 
Global Healthy Living Foundation, spoke about his experiences devel-
oping a patient-powered research network (PPRN) for arthritis patients. 
The PPRN—called ArthritisPower—is a research registry with more than 
16,000 patient participants who have rheumatic and musculoskeletal dis-
eases. It was created in 2015 with support from the Patient-Centered 
Outcomes Research Institute, and is 1 of 33 networks within PCORnet, 
the National Patient-Centered Clinical Research Network. ArthritisPower 
has a smartphone app that is used to collect patient-reported outcomes 
(PROs), said Nowell. The app has a number of features: Patients can 
input and track their own symptoms and treatments, run analytics on their 
own data, send reports to providers, connect to other patients, and learn 
about research opportunities (see Box 7-2). Nowell noted that the app has 
evolved as patients have provided feedback. For example, the app initially 
only allowed patients to enter information about arthritis-specific drugs, 
but patients wanted to be able to enter information about all of their 
medications. 

The fundamental assumption that drives ArthritisPower as a platform 
for patient-centered research, said Nowell, is that “it enables patients 
to make a decision about their health care.” In order to enable patients to 
make good decisions, facilitating access to relevant evidence and choosing 

BOX 7-2 
Features of ArthritisPower Research Registry, with 

Smartphone Application and User-Friendly Interface

•  Tracking—symptoms; active/past medications; complementary treatments;a 
add other measures (flares,a depression, disease impact on social satis-
faction); personal symptom note entries for context;a import VectraDA® lab 
results;a future biosensor innovation 

•  Analytics—longitudinal results graphing; overlay medication usage to see how 
symptoms change with new medicationsa

•  Share—electronic reports can be sent to doctors, caregivers, and others
•  Research Opportunities—browse available studies for participation 
•  Connect—invite other patients or caregivers to connect through in-app mes-

saging with option to share notes, analyticsa 
•  Education—CreakyJoints social media feed, including patient blogs/Twitter; 

disease-specific content on treatments, coping, and supporta 

 a New features developed for version 2. 
SOURCE: Nowell presentation, July 17, 2018. 
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study designs that are best suited to generating that evidence are needed, 
he said. Most important, he said, is determining which study designs and 
data sources will “permit us to answer the research question and engage our 
partners.” The patient-driven research process is iterative, said Nowell, and 
requires ongoing consideration of patient needs and priorities, the patient 
experience in the study, transparency, and consent.

Nowell gave an example of a study in which ArthritisPower is currently 
involved. The CHOICE (Comparative Health Outcomes in Immune- mediated 
diseases Collaborative) study, said Nowell, is a  PCORnet demonstration 
project that involves multiple networks, including  ArthritisPower and other 
PPRNs. The study aims to evaluate the comparative risks for infection, 
heart attack, and stroke, and to evaluate the comparative clinical effec-
tiveness of various medications using PROs. Evaluating the effectiveness 
of medication, said Nowell, is of utmost importance to patients and pro-
viders—“Patients and doctors want to know what treatment works best 
for whom and under what circumstances.” Providers and patients need to 
make challenging decisions about treatment options, he said, which can 
be difficult to do when there are limited data. While most approved drugs 
work reasonably well for most patients most of the time, it is generally 
unknown exactly how well or how quickly the treatments work depend-
ing on the characteristics and preferences of a particular patient; this kind 
of evidence can be generated through PROs. Ultimately, he said, a patient 
is the only one who can determine how well a treatment is working to 
improve his or her quality of life. Data from multiple individual patients 
can be turned into information that physicians and other patients can use 
to make decisions about treatments, said Nowell. 

Nowell emphasized that engaging patients is more than a “one and 
done” conversation, and that patients need to be engaged in different ways 
at different times throughout the process. In addition, different types of 
patients with different perspectives need to be engaged, he said. Although 
some patients are very familiar with the terms and concepts of clinical 
research, other patients need help understanding how research works and 
how it can impact them. In response to Nowell’s presentation, Graff sug-
gested that the patient’s perspective be somehow captured in the decision 
aid (see Figure 7-2). 

CONTEXT OF THE DECISION

As with any decision about how to design a study, said Peter Stein, 
deputy director of the Office of New Drugs at FDA’s Center for Drug Evalu-
ation and Research, the first consideration is the context of the decision to 
be made: What is the research question? What is the intended use of the 
evidence that is generated? What is the level of evidence that is needed to 
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make the decision? Stein said the answers to these questions can help guide 
decisions about patient treatment within a real-world study. For example, 
if the study is aimed at establishing efficacy for a new intervention, the 
researchers may want to tightly control patient treatment to find the most 
precise estimate of efficacy. However, if the study is about an intervention 
that is already known to be safe and efficacious, and the research question 
is broader, a study design that allows for flexibility in patient treatment 
may be more appropriate. For example, if the research question is how 
an intervention works in an expanded population in the real world, a 
trial in which patient treatment was tightly controlled might not generate 
generalizable evidence about real-world usage. Stein pointed to the study 
on oral versus injectable antipsychotics presented by Alphs, and said that 
the decisions about patient treatment in this case were based on what the 
study sought to discover. That is, the study was designed to look at patient 
outcomes on these two drugs in a real-world setting. Closely monitoring 
the group that was taking the oral antipsychotic—or ensuring compliance 
through directly observed therapy—would have defeated the purposes of 
the research. If research is being conducted for the purpose of a regulatory 
decision, said Stein, there are specific parameters of how the treatment and 
the comparative treatment were administered in order to make decisions 
regarding relative efficacy (see Box 7-3 about regulatory decision making). 

Another consideration when making decisions about patient treatment, 
said Stein, is the clinical context and the patients to be studied: What is the 
nature of the disease? Is it progressive or non-progressive? Are vulnerable 
populations involved and what is their susceptibility to harm? What are the 
current available treatments? 

BOX 7-3  
Regulatory Decision Making Regarding Clinical Strategy  

as Discussed by Schneeweiss

As discussed, the utility of a treatment depends not just on the molecular 
makeup of the drug and how it impacts a disease, but on a host of usage factors, 
including access, compliance, dosing schedules, need for monitoring, and patient 
preferences. Sebastian Schneeweiss, professor of medicine and epidemiology, 
 Harvard Medical School and Brigham & Women’s Hospital, asked: “To what extent 
does the regulator have the discretion to go down the road of regulating clini-
cal strategies versus the molecules very narrowly?” For example, if an oral anti-
psychotic works better than an injectable antipsychotic on a molecular level (i.e., 
when  patients are perfectly compliant), but the injectable antipsychotic is more effec-
tive in practice, could a regulator approve this indication based on this information? 
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There is a trade-off, said Stein, between internal validity and generaliz-
ability. Depending on the specific research question, the intended use of the 
evidence, and safety concerns, a researcher might choose to emphasize one 
of these factors over the other. 

OBLIGATION TO PATIENTS

Investigators, said Simon, have “dual interests.” Investigators have a 
duty to uphold the protocol of a trial to ensure that the research question 
is answered; meanwhile, they also have a duty to the safety and well-being 
of participants. These dual interests can sometimes conflict, and as Simon 
noted, “We want to make sure the duty to the participant always trumps 
the duty to the protocol.” 

Safety Monitoring

Researchers have an obligation to ensure that participants in research 
are receiving treatment that is appropriate for their condition, and that 
the treatments are safe, said Alphs. When a relatively new treatment is 
under investigation, said Alphs, the obligation to patients is greater; there 
are going to be more restrictions on treatment and there is a need for 
substantial safety monitoring. By contrast, when a treatment has been 
used safely and effectively for many years, some of the requirements and 
safety monitoring can be relaxed. Simon explained two reasons to moni-
tor for safety: 

1. For a new treatment, safety monitoring is essential to learn about 
the unknown adverse effects and to make inferences about how the 
treatment may or may not work in the real world; and 

2. For a treatment for which the adverse effects are already known, 
safety monitoring is about “doing the right thing” for the participants. 

These two uses of safety monitoring, said Simon, require different pro-
cedures and study designs. Alphs noted that in the trials on treatment for 
suicidality, the side effects of agranulocytosis and weight gain were known. 
In this case, the research was not aimed primarily at discovering more about 
clozapine’s (or olanzapine’s) adverse effects, but there was still an obligation 
to the patients to monitor for potential safety events. 

Inclusion of Patients and Real-World Experiences

Researchers’ responsibility to patients, said Simon, includes an obliga-
tion to include in trials patients who “do not behave as we would always 
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hope.” Patients who behave in understandably human ways need to be 
involved in trials so that results are generalizable to the real-world popu-
lation, he said. Robert Califf added that patients with comorbidities or 
concomitant drugs are more likely to experience adverse events, but in 
traditional RCTs, these patients are excluded. In addition, the issue of how 
a treatment works for a real-life patient—with comorbidities and concomi-
tant drugs—is what providers and patients “really want to know,” said 
Michael Horberg. If treatments are only tested on patients without these 
complexities, providers are left grasping for answers on how to treat their 
real-world patients, such as an older person with hypertension, diabetes, 
and advanced HIV. “There are real consequences” of limiting trials in this 
way, concluded Califf. 

Acknowledging and welcoming human behavior is sometimes the only 
way to answer certain types of questions, said Horberg. For example, a 
study on HIV preexposure prophylaxis consistently advised sero-discordant 
couples to practice safer sex and to use condoms. However, during the 
course of the trial, there were more than 100 pregnancies, and the fact 
that these pregnancies happened without the transmission of HIV was one 
way that researchers could show that the therapy was effective, he said. 
Another example of necessary inclusion, said Simon, is seen in the case of 
the lithium trial for prevention of suicide. Katz had reported that patients 
who were taking diuretics or ACE inhibitors were initially excluded from 
the study. However, said Califf, the people most at risk for suicide may be 
exactly this population of older men with chronic health problems who are 
taking such medications. Excluding them from the trial not only reduces 
generalizability, but leaves this at-risk population without knowledge of 
what treatments might work. 

At the third workshop, Alex John London, Clara L. West Professor of 
Ethics and Philosophy at Carnegie Mellon University, added a comment 
about how the view on vulnerable populations in research has changed 
over the years, through the lens of the Council for International Orga-
nizations of Medical Sciences (CIOMS) guidelines. The initial view was 
“ protectionist,” he said; there were concerns about involving vulnera-
ble populations in research. Now, CIOMS has revised its guidelines to a 
“ justice-based approach,” which encourages the participation of vulnerable 
patients so that research can generate the information necessary to treat 
these populations. Simon concluded, “Unless we welcome in the way the 
real world works, we are never going to answer these questions.” 

Standard of Care 

Califf said that when researchers are designing trials, they have to 
decide on one of three options for the treatment for the control group: the 
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best available care, usual care, or “whatever care is available where you 
are doing it.” If the research question is specifically about how a treatment 
works in a real-world setting, using a standard of care that is above the 
usual care for the control group may not provide an accurate answer, said 
Stein. However, he noted, there is always an obligation to ensure that the 
care delivered to the control arm is not substandard care. Simon said that 
although the effect of a treatment might be magnified if the control arm 
received substandard care, doing so would be unethical. Adrian  Hernandez 
noted that research often seeks to understand whether one treatment is 
better than the standard of care, but that the standard of care can vary 
significantly by region, due to clinical practice and access issues. This varia-
tion can make it challenging to detect whether and to what extent a new 
treatment is better than the standard. 

Simon asked Katz about balancing the needs of both the research 
question and the extremely vulnerable patients in the study on lithium for 
suicide prevention. Simon noted that the researchers had an obligation to 
stay engaged with the patients in the placebo arm, and to closely monitor 
for suicide and to hospitalize the patients if they suspected the possibility 
of a suicide attempt. However, at some point, the researchers might con-
trol and augment the care of participants so much that it would prevent 
the outcome from ever occurring and guarantee a null result, he said. Katz 
responded that there was extensive debate about this issue in defining out-
comes for the study. The final approach to addressing this problem, at least 
in part, was to include hospital admissions with documentation that the 
reason for admission was specifically for prevention of suicidal behavior. 
This addresses the issue, but it “softens” the outcome. To minimize bias 
in deciding what events should be considered outcomes, the study uses a 
process of outcome adjudication, based on reviews of study documents and 
medical records by independent clinician-investigators blinded to treatment 
assignment. In general, the VA may be a unique site for this type of research 
because the baseline of care for suicide prevention at the VA is probably 
above the community standard. There is significant infrastructure in place, 
and there are requirements for flagging patients at risk of suicide and facili-
tating their access to care. 

Marc Berger added that another option is to use observational data; 
these could allow researchers to study the outcomes of usual care without 
making fraught decisions about obligations to research subjects. Observa-
tional research can provide great insight into real-world effectiveness, he 
said. He gave the example of an oral drug and an inhaled corticosteroid 
used for childhood asthma. The oral drug was not as efficacious, but was 
equally effective in the real world because children did not want to use their 
inhalers at school, he said. Gaining this insight from an RCT would not be 
possible, but it is important information that can be used to make patient 
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treatment decisions, he said. Evidence from observational data can be used, 
said Berger, along with evidence from RCTs or pragmatic clinical trials to 
build a “corpus of evidence” about a treatment. (See Chapter 9 for further 
discussion of observational trials.)
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Key Messages Identified by Individual Workshop Participants

• Obscuring intervention allocation, or blinding, allows  researchers 
to study the effects of an intervention without influence from 
patient and provider perceptions. However, it may not always 
be appropriate or feasible. (London, Watanabe)

• The appropriateness of blinding is highly dependent on the 
context of the study, the research question at hand, and the spe-
cific uncertainties for that study. (Critchlow, Dreyer,  London, 
Smith, Vardeny)

• Uncertainties in a study can be classified along two axes: 
ensemble efficacy and utilization factors. The interaction of 
these two for a particular study can indicate whether blinding 
is appropriate. (London)

• Blinding can impart risks to the study, such as patient exposure 
to either sham procedures or to incomplete care from their pro-
vider. These and other risks are balanced against the benefits 
of blinding in order to make a decision. (Dreyer, Hernandez, 
London, Simon)

• Decisions on blinding can also be influenced by practical con-
siderations, such as effects on study cost, feasibility of masking 
or delivering the treatments, patient preferences, and the gener-
alizability of data from blinded study sites. (Dreyer, Reynolds, 
Smith)

8

Obscuring Intervention Allocation in 
Trials to Generate Real-World Evidence:  

Why, Who, and How? 
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• Patient and provider bias, and how it may influence a study, 
can be difficult to predict in advance. Bias may not affect some 
outcomes, such as quantitative laboratory readings or all-cause 
mortality, but can affect other more subjective outcomes or 
have other effects such as ascertainment or treatment bias. 
(Critchlow, Dreyer, Graham, Smith)

Obscuring intervention allocation—commonly known as blinding—is 
used to reduce the likelihood that those involved in the trial will be influ-
enced by the treatment assignment, said James P. Smith, deputy director of 
the Division of Metabolism and Endocrinology Products at the U.S. Food 
and Drug Administration’s Center for Drug Evaluation and Research. If 
those involved are influenced by treatment assignment, it may affect the 
outcome of the trial. Blinding allows researchers to study the effects of 
the intervention without the influence of patient and provider perceptions. 
However, blinding is not always appropriate or feasible, said Alex John 
London. Trial design features such as blinding have to be justified by the 
contribution they make to the evidence quality and the relative risks and 
costs compared with alternative designs, he said. This session in the third 
workshop examined the topic of blinding, and session moderator Jonathan 
Watanabe, associate professor of clinical pharmacy and National Academy 
of Medicine Anniversary Fellow in Pharmacy, University of California, San 
Diego, asked participants to consider the following: 

• How might variability in knowledge of treatment group assignment 
affect provider and patient adherence and outcomes?

• How might variability in knowledge of treatment assignment affect 
study cost and reliability?

• What key factors could affect decisions to obscure intervention 
allocation?

This topic was highlighted by some participants at the second work-
shop as an area that needed further exploration, so a session was held on 
the topic at the third workshop. 

ILLUSTRATIVE EXAMPLES

To explore the issues surrounding obscuring treatment intervention 
and blinding, speakers at the second and third workshops presented case 
studies as illustrative examples of the considerations that go into designing 
and conducting a real-world study. 
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INVESTED Trial

Orly Vardeny, associate professor of medicine at the University of 
 Minnesota and of the Minneapolis VA (U.S. Department of Veterans Affairs) 
Center for Chronic Disease Outcomes Research, told workshop partici-
pants about the INVESTED (INfluenza Vaccine to Effectively Stop Cardio 
Thoracic Events and Decompensated heart failure) trial. Influenza leads 
to significant morbidity and mortality, said Vardeny, and there have been 
several analyses that documented a temporal association between influenza 
infection and cardiovascular events (Madjid et al., 2007;  Thompson et 
al., 2003, 2004). Researchers have sought to further understand how the 
influenza vaccination could affect cardiovascular events. The first step, said 
Vardeny, was a meta-analysis of six studies that demonstrated that influ-
enza vaccination could reduce cardiovascular events (Udell et al., 2013). 
The next research question, said Vardeny, was to determine if patients 
with heart failure exhibited the same immune response to the flu vaccine. 
This analysis showed that heart failure patients had a reduced antibody 
response compared with patients without heart failure (Vardeny et al., 
2009). Researchers were able to increase the antibody response by giving a 
higher dose of the flu vaccine, she said (Van Ermen et al., 2013). 

Based on this initial research, the INVESTED1 researchers set out to 
examine whether the increased immune response from the high-dose vac-
cine would translate into better cardiovascular outcomes (see Figure 8-1). 
The researchers designed a randomized trial comparing high-dose trivalent 
influenza vaccine to standard-dose quadrivalent influenza vaccine. Vardeny 
noted the standard-dose quadrivalent vaccine for the active control group 
was chosen because it would be unethical to have an unvaccinated con-
trol group, and the quadrivalent vaccine is the current standard of care. 
Researchers have enrolled approximately 3,000 participants out of a target 
of 9,300 participants for this pragmatic study so far, and have contacted 
them up to four times per year by phone to ascertain endpoints. The pri-
mary endpoint is a composite of death or cardiopulmonary hospitalization. 

Both providers and participants are blinded in the study, which is 
accomplished by a third-party vendor affixing identical labels over the 
individual-dose syringes. Vardeny said that because there were some ways 
to tell the two vaccines apart (e.g., the high dose causes more pain during 
injection), the study was designed so that the person who administers the 
vaccine is not the same person who conducts the ascertainment phone calls 
later in the season. 

Vardeny said the choice to conduct a double-blind study was based 
on a few considerations (see Box 8-1). There were reasons not to blind, 

1  See https://clinicaltrials.gov/ct2/show/NCT02787044 (accessed January 4, 2019). 
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FIGURE 8-1 Study design for the INVESTED trial. 
NOTE: BMI = body mass index; CV = cardiovascular; DM = diabetes mellitus; 
eGFR = estimated glomerular filtration rate; EP = end point; HF = heart failure; 
Hx = history; Hx PAD = history of peripheral artery disease; LVEF = left  ventricular 
ejection fraction; MD = Doctor of Medicine; MI = myocardial infarction; Rx = 
prescription.
SOURCE: Vardeny presentation, July 17, 2018. 

she said. Blinding delays the study by several weeks while the third-party 
vendor blinds and distributes the vaccines. During this period, the flu vac-
cine becomes available to the general public, which reduces the number 
of people eligible to participate in the trial because they already received 
the vaccine. However, said Vardeny, the reasons for blinding outweighed 
these considerations. There are perceived differences in efficacy of these 
vaccines, she said. For example, the high-dose vaccine is only approved for 
individuals aged 65 and over. Although there is no recommendation that 
the standard of care for people over 65 should be the high-dose vaccine, 
some providers or patients may perceive that all people over 65 should get 
the high-dose vaccine. Without double blinding, these perceptions may have 
resulted in systematic bias in terms of patients presenting at the hospital, or 
providers urging hospitalization. 
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BOX 8-1 
Other Examples of Blinded and Non-Blinded Studies 

Discussed Throughout the Workshop Series as 
Presented by Individual Workshop Participants

•  The Salford Lung Studies to understand the effectiveness of asthma 
and chronic obstructive pulmonary disease drugs in the usual care 
setting (discussed in detail by Gibson and in Chapter 3). Graham discussed 
in this session that patients were randomized to either group, and the study 
was conducted open label (i.e., not blinded). There were several reasons why 
the researchers chose not to blind patients in the study, said Graham. First, 
in the United Kingdom (where the study was conducted), the standard practice 
is for patients to receive their medicine from a pharmacist who educates them 
on the use of the drug and the importance of adherence. Had the study been 
blinded, this real-world aspect of clinical care would have been altered and 
potentially caused confusion or changes in adherence for patients. In addition, 
said Graham, the delivery mechanism of inhalers can impact outcomes, aside 
from the specific drug that is inhaled. Blinding may have complicated the ability 
to see the benefit of the inhaler itself, he said. 

•  Novel oral anticoagulants (NOACs) versus warfarin for controlling blood 
pressure. Hernandez presented trials comparing NOACs with warfarin; three 
were double-blind trials (see Chapter 6 for full details). He noted that random-
izing more than 14,000 patients to two treatment arms in a double-blind study 
was “quite a challenge.” He also noted that any study that involves warfarin is 
challenging to maintain the blind because warfarin requires frequent monitor-
ing. Researchers must also ensure that patients in the warfarin arm are ap-
propriately anticoagulated, without revealing the treatment assignment. 

•  Lithium for suicide prevention. Ira Katz presented a research project that 
evaluated lithium for suicide prevention (see this chapter for full details). The 
trial was double blinded and placebo controlled. 

•  The INTERSEPT and PRIDE trials. Larry Alphs presented two pragmatic 
trials (see this chapter for full details). The INTERSEPT trial tested two oral 
antipsychotic drugs, and was not blinded because of differences in known 
side effect profiles, additional blood draw monitoring required by only one of 
the drugs, and because the investigators judged that it was unethical for this 
study to be blinded because that may have inhibited individual providers’ ability 
to give the best care to their patients. The PRIDE trial compared an oral to a 
long-acting injectable antipsychotic and was open label because the different 
delivery mechanisms would have been impractical to blind.

DECISION AID

The general issues discussed by individual workshop participants in 
the first and second workshops were used to develop a decision aid for the 
third workshop (see Figure 8-2). As with the other decision aids, the inten-
tion was to outline some questions to consider in order to make thoughtful 
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BOX 8-2  
Feedback on the Decision Aid as Discussed 

by Individual Workshop Participants

Several workshop participants offered specific feedback on the decision aid 
“Obscuring Intervention Allocation in Trials to Generate Real-World Evidence: 
Why, Who, and How?”

•  The evaluation of a potential real-world trial needs to consider the exist-
ing knowledge base and what other studies have been conducted. For 
example, the Salford Lung Studies were planned after two standard, 
randomized, placebo-controlled trials had been conducted. This is a very 
different evaluation from using the Salford Studies for regulatory approval. 
The decision aid should reflect this contextual difference. (London)

•  One of the questions on the decision aid asks, “How might concealing 
treatment allocations reduce bias?” This question should instead ask, 
“How much might concealing treatment allocations reduce bias?” (Dreyer)

•  These questions will not generally have yes/no answers; rather the goal 
should be to estimate how much a research design decision (e.g., blind-
ing) will affect bias or other issues. (Graham) 

choices in real-world evidence (RWE) study design. Participants at the third 
workshop reflected on these questions and offered feedback on the decision 
aid throughout the course of their discussions.

In addition to offering specific feedback on the decision aid (see 
Box 8-2), workshop participants also discussed the difficulty of answering 
these types of questions prior to conducting a study. Simon summarized 
that although the questions in the decision aid may be good questions to 
consider, making decisions about the risks and benefits of blinding in a 
study a priori is enormously difficult. Watanabe asked the participants if 
they thought that the answers to the questions on the decision aid could 
be quantified a priori—for example, if researchers could, before a study, 
quantify the risks and benefits of blinding and make a decision based on 
these numbers. Cathy Critchlow, vice president at the Center for Obser-
vational Research at Amgen Inc.; John Graham; and Vardeny all said that 
quantifying would be enormously difficult. Critchlow added that this sort 
of quantification could be risky because it could make the researchers 
“feel better about making a decision that may not be based on something 
real.”  Richard Platt wondered if some of these a priori decisions could 
be based on empirical data on bias from previous research—for example, 
data on how aggressively vaccinated patients are treated versus non-
vaccinated patients.  Vardeny said that vaccinated patients are so different 
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from unvaccinated patients that it would be difficult to isolate the effect 
of any provider bias. Smith said an alternative approach could be statisti-
cally adjusting for the bias after the research was complete, which would 
still require a judgment, but may be conceptually easier than quantifying 
the bias a priori. 

Simon suggested that there may be value, after a study is completed, in 
analyzing decisions made in the study to learn from any mistakes that may 
have been made. Smith concurred and said that “an autopsy of trials that 
do not go the way one expected can only be an incredibly valuable exer-
cise,” and could be a best practice. Graham added that trial “autopsies” 
could be done not just for trials that gave a surprising result, but for all 
trials. He said that researchers could spend more time looking back at their 
decisions and the impact the decisions had on the results, and could include 
this information in their published results. Each study can give researchers 
insight into how to improve the next study, he said. 

DISCUSSION

Context of the Decision

Critchlow echoed an earlier discussion (see Chapter 6) in which par-
ticipants stressed the importance of considering the context of the decision 
when designing a study that uses real-world data (RWD). The decision about 
whether or not to blind participants in a study, she said, should consider what 
the study is meant to accomplish: Is it to answer a question about effective-
ness, is it to inform treatment guidelines, is it to get approval for a new 
treatment, or is it to expand the label indications for an already approved 
treatment? Depending on the use of the study, blinding may be more or less 
appropriate. Researchers, she said, need to ask themselves: Is blinding helping 
us to answer the right question and make the right decision? Nancy Dreyer, 
chief scientific officer at IQVIA, agreed with this framing, and added a more 
specific question: What is the expected effect estimate, and how likely is it 
to be missed? For example, if a study that will use RWD is about a chronic 
disease for which the treatments might make a small but important differ-
ence, blinding might be necessary to get the needed effect size for the decision 
to be made, she said. Smith agreed that making a decision about blinding 
depends on the research question. For example, he said, if the research is 
seeking answers about whether patients are more likely to adhere to an 
injectable therapy or to an oral daily tablet, a blinded study cannot answer 
that question. 

London concurred with the other speakers, saying that trial design deci-
sions should be based on the specific uncertainties that a study is aimed at 
mitigating (see Box 8-3).
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For example, if there are uncertainties about efficacy, blinding may be 
necessary, whereas if there are uncertainties about effectiveness in the real 
world, blinding would not be warranted. London explained that real-world 
effectiveness is a function of two variables: ensemble efficacy and utiliza-
tion factors. 

• The term “ensemble efficacy” acknowledges the fact that a drug is 
not efficacious on its own—the therapeutic effect depends on the 
proper dose and schedule, the right population, and co- interventions 
or diagnostic requirements. 

• Utilization factors include patient and provider awareness and 
preferences, cost, adherence, clinical capacity, and tolerability. Even 
if an ensemble is efficacious, said London, the real-world effective-
ness of the drug depends on the utilization factors. For example, 
a drug could be efficacious for reducing blood pressure, but if it is 
unaffordable, difficult to adhere to, or poorly tolerated, it will not 
be effective in the real world because patients will not use it. 

Blinding may be more or less appropriate, depending on the state of 
knowledge about the ensemble efficacy and utilization factors, said London. 
If two interventions are being compared for real-world effectiveness, and 
it is known that Intervention 1 is more efficacious than Intervention 2, but 
the utilization factors are unknown, blinding would not be warranted (see 
Figure 8-3). The research question in this scenario, said London, is how 
these real-world factors such as patient preference will impact the effective-
ness of an intervention. If patients and providers were blinded, the utiliza-
tion factors would remain unknown and thus the real-world effectiveness 
would not be understood. 

BOX 8-3  
Considerations Around Uncertainty in Study Design

Uncertainty matters:
 
1.  Nature of the uncertainty should influence trial design. 
2.  Uncertainty about relative risks/potential benefits should be clearly com-

municated to participants.  
 a.  Uncertainty versus disagreement 
3.  Role of design in addressing uncertainty should be explained. 

SOURCES: London presentation, July 17, 2018; concept from  London, 2018. 
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FIGURE 8-3 Blinding not warranted when utilization factors are unknown.
NOTE: OIA = obscuring intervention allocation. 
SOURCES: London presentation, July 17, 2018; concepts from Kimmelman and 
London, 2015, and Moseley et al., 2002.

However, he said, a measure of real-world effectiveness may not always 
be sufficient for making policy or care decisions, compared to a measure of 
efficacy. London gave the example of arthroscopic surgery for osteo arthritis 
of the knee. This procedure, he said, was performed about 650,000 times 
annually at a cost of $3.25 billion. However, when a randomized controlled 
trial was performed to compare the procedure to a sham procedure, it was 
found to have no benefit (Moseley et al., 2002). The sham procedure, said 
London, was “largely theater” (manipulations, surface cuts, and bandages), 
but was  necessary to obscure the intervention allocation. In this case, blind-
ing was essential for a clear picture of intervention efficacy, and these effi-
cacy data were necessary to determine the clinical merit of the procedure. 

Risks of Blinding

When blinding is necessary to fully understand the effectiveness of an 
intervention, participants in the control group receive some sort of placebo 
drug or intervention, London said. This could range from a sugar pill, to 
a sham surgery that is “largely theater,” to invasive surgical procedures 
such as implanting cannulas in the brain to deliver saline in Parkinson’s 
trials, said London. There are risks to these procedures, and the benefits 
of a  placebo are limited. The risks of these control procedures need to be 
disclosed to patients, he said. However, it is important to note that there 
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are also risks involved with the active procedure, and there may also be 
no benefit. For example, while there are minor risks involved with a sham 
knee surgery, the real knee surgery is far more invasive and risky. If the real 
knee surgery does not have any benefit, London said, the risks far outweigh 
the benefits. Both the risks from the placebo or sham procedure and the 
risks from receiving a potentially ineffective active intervention should be 
communicated to participants, London said. (See Chapter 7 for more dis-
cussion of patient safety in real-world studies.) 

Another potential risk of blinding is that the participant population 
may be more homogeneous and more tightly controlled, which may make 
the results less generalizable, said Adrian Hernandez. The process of enroll-
ing in a trial, and consenting to all of the processes necessary for blinding 
(e.g., complying with regular monitoring), may filter out some populations 
of participants. 

Blinding can “obscure the truth,” said Simon. “We fundamentally 
distort the nature of the treatment” by making two active treatments seem 
identical and by ensuring that the patient and provider experiences with 
the treatments are identical. For example, he said, if two treatments have 
very different dosing schedules, this difference may have an important bear-
ing on the acceptability and adherence to those treatments, he said. While 
there are obvious advantages of blinding (e.g., mitigating bias), it can also 
constrain opportunities to learn about how a treatment will work in the 
real world.

In discussions about whether or not to blind, said Dreyer, much atten-
tion is given to the risk of bias if a provider knows to which treatment 
group a patient belongs. However, she said, there are risks to the patient 
if a provider does not know which treatment he or she is receiving. For 
example, a provider may not know what adverse effects to monitor, or 
when a change in health status may indicate a significant problem. Dreyer 
said that while blinding can have benefits for the study, these benefits need 
to be weighed against the risks to the patient. 

Cost Considerations

Researchers, said Dreyer, aim to get precise answers to research ques-
tions and then compare their answers to those that others get in order to 
confirm or refute the original hypothesis. However, Dreyer said that as a 
consumer and generator of data, researchers should be looking to see if 
two estimates are close, and certainly in the same direction, rather than 
expecting them to match exactly. Rather than designing a study to generate 
the most exact answer—which can increase costs significantly—she said, 
researchers should consider the big picture of the RWD’s intended use, 
and design studies accordingly. Dreyer said the economic value of different 
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study designs could be considered in the designs; if the answer can be found 
with an open-label, real-world study rather than from a more expensive 
randomized blinded trial—and it can be shown that bias is unlikely to 
explain the observed effect—it may be a better use of resources to choose 
the less expensive design, she said. Smith had a slightly different perspec-
tive. He said that while blinding can certainly increase the cost of a trial, an 
unblinded trial may “give you results that nobody believes,” which wastes 
time and resources.

Practical Considerations

For some interventions, such as vaccines, blinding is quite feasible and 
does not overly complicate the study, said Dreyer. However, for other inter-
ventions that involve treatments that are complex, sequential, or require 
monitoring and dose adjustment, it may be impractical or impossible to 
blind while keeping patient safety in mind. There are situations, said Smith, 
where blinding is simply not feasible. For example, some drugs have severe 
side effects, and to try to duplicate these side effects in the control group 
would be impossible or unethical. Blinding is a “tool that can be valuable 
in a narrow set of circumstances,” Dreyer said, but it should not necessarily 
be employed in all circumstances.

Hernandez noted that blinding could have the advantage of keeping 
participants in a trial. A participant who does not know if he or she is 
getting the active treatment may be more likely to continue care, he said. 

Conducting a blinded study in a real-world setting may be difficult, 
said Rob Reynolds, vice president and Global Health, Epidemiology, 
Pfizer. Blinded RCTs are difficult enough, he said, but in a real-world 
environment with diverse health care sites and patient populations, the 
feasibility challenges are even greater. Dreyer joked that “a lot of things 
are feasible if you spend enough money.” She added that when doing 
blinded studies in the real world, researchers generally perform the studies 
at academic centers that are more able to carry out this type of research. 
However, this may result in a lack of generalizability because these  centers 
are often especially high-quality facilities with a high quality of care 
and follow practices that may not be routinely conducted in community 
settings. 

Patient Preferences

One question on the decision aid asks, “How might procedures neces-
sary to conceal treatment allocation from patients and/or providers impact 
the acceptability of trial participation to patients and/or providers?” Smith 
said the best way to answer this question is to ask the patients directly. 
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Smith relayed an experience he had working with patients with a rare 
disease. He consistently heard that it would be impossible to conduct a 
placebo-controlled blinded trial in this population, but when meeting with 
a group of patients directly, the patients said if blinding “will give you the 
best data if we would be willing to go on a placebo for 6 months, we are 
happy to do so.” Smith said that assumptions about patients’ willingness to 
participate in blinded trials may not always be accurate. Critchlow added 
that in a context where there are fewer therapeutic options, patients might 
be more willing to take the risk of participating in a trial, whereas in a 
context with plenty of existing therapeutic options, the risk–benefit analysis 
of patients and providers is quite different. 

On another patient-related topic, John Burch, an investor with the 
Mid-America Angels Capital Network, asked whether participants in a 
blinded trial are ever able to get information about which treatment they 
received. “If patients are entitled to their own information,” he said, “does 
that include patient-specific data from research?” Graham said that from an 
ethical perspective, research is likely progressing to a point where patients 
will be able to get information about their treatment in a trial. 

Biases

Blinding, said Smith, is one mechanism to reduce the possibility of 
bias that would affect the trial results. There are multiple types of bias that 
can be associated with treatment assignment, some of which are discussed 
below. Smith said bias is often subconscious, and it can be difficult to pre-
dict the direction and magnitude of the bias. Different patients or providers 
within the same trial might have biases that affect the results in different 
directions, he said. For example, if aware of treatment assignment, one 
patient may believe that a novel drug will help, and therefore may overstate 
its benefit. Another patient may believe that the standard of care is fine and 
could be skeptical of a company’s development of a novel drug. The direc-
tion and magnitude of various biases may differ depending on the specific 
disease area, type of intervention, or patient population. Overall, Smith 
said, “It is very difficult to predict how bias is going to creep in and what 
direction and magnitude it is going to be.”

Patient Perception

Without blinding, there is potential for bias due to patient perception, 
said Critchlow. For example, patient perception may impact the likelihood 
of complying with a treatment regimen as intended. Dreyer said that bias 
due to patient perception can differ, depending on the subjectivity of the 
measurements. For example, if the outcome of interest is hemoglobin A1C 
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levels, patient perception is unlikely to have an effect. On the other hand, if 
the outcome of interest is pain level as reported by the patient, this could be 
influenced dramatically by perception, she said. Dreyer noted that for some 
outcomes, patient perception likely has no effect—“dead is dead.” Graham 
added that depending on the time line of the study, patient perception bias 
may wane over time. For example, if a patient gets a vaccine and feels ill 
3 weeks later, does the patient’s initial idea of what treatment he received 
still affect his likelihood of seeking medical care? Graham said this is a very 
difficult area to have a black or white answer. 

Ascertainment Bias

If the people who are assessing outcomes are not blinded, said 
Critchlow, it can result in ascertainment bias. The potential for ascertain-
ment bias may depend on whether the endpoints are subjective or objective. 
For example, if the endpoint is a quantitative laboratory result, it is unlikely 
to be biased by the assessor knowing to which group the patient is assigned. 
Outcomes assessors, said Smith, can be blinded to mitigate ascertainment 
bias, but it must be recognized that “they only assess what has been given 
to them.” For example, a blinded pathologist can read a biopsy specimen, 
with no knowledge of the clinical course or treatment. However, blinding 
the assessor does not automatically remove the potential introduction of 
bias. For example, although the pathologist may be blinded, the decision 
by the patient’s provider to conduct a biopsy could have been influenced by 
their knowledge of treatment assignment. In this scenario, said Smith, “the 
bias has already been introduced before the outcome got to the outcomes 
assessor.” 

Treatment Bias

When providers are not blinded during a trial (i.e., double blinded), 
said Smith, there is the worry that patients in one group are being treated 
differently than patients in the other group. For example, if a provider 
knows that a patient is on a placebo for suicide prevention versus an active 
treatment, the provider may be more likely to closely monitor the patient 
for signs of suicidality. The bias can also run in the other direction—if, 
for example, a provider knows that a patient is receiving an active but not 
well-understood treatment, the provider might monitor more closely for 
adverse events. 
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Channeling Bias

Channeling bias occurs later in the life cycle of a product when the 
adverse events associated with a product are well known, Jesse Berlin said 
during the second workshop. Patients who are at higher risk for these 
events are prescribed a different product; when these high-risk patients 
experience the event, the other product “starts to look like it’s increasing 
risk.” For example, non-steroidal anti-inflammatory drugs (NSAIDs) are 
associated with an increased risk of myocardial infarction (MI). Because 
of this, patients who are already at high risk of MI may be prescribed 
acetaminophen instead of NSAIDs, which results in a larger-than-expected 
group of acetaminophen patients experiencing MI. 
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Key Messages Identified by Individual Workshop Participants

• Confidence in database studies, or observational comparisons, 
is related to the type of effect being detected. (Schneeweiss)

• Database studies may be more appropriate when the outcomes 
and exposures are measurable in the data; when two active 
treatments are compared; and when the key confounding vari-
ables are measurable. (Schneeweiss)

• For disease areas and interventions where additional evidence 
could be beneficial but randomized trials are impractical, evi-
dence from observational studies could be used to fill the gap. 
(Madigan)

• Conveying uncertainty in any study can aid in assessing what 
purposes the study could be used for and how to interpret the 
results. (Madigan, Martin)

• Transparent reporting of methods used in studies can promote 
replicability and also aid in assessing study validity. (Madigan, 
Schneeweiss)

• Replicating randomized clinical trial results with observational 
databases can help establish a process and criteria for conduct-
ing observational studies more widely. (Franklin)

• New methods such as predictive analytics and machine learn-
ing can potentially be used to predict outcomes for individual 
patients or to identify associations. (Jimenez, van der Laan)

9

Gaining Confidence in 
Observational Comparisons
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• Regulators consider defined, sequenced criteria to evaluate evi-
dence, including whether the data are relevant for the proposed 
indication, the outcomes are well assessed, the methods mini-
mize bias, and the statistical analyses are rigorous. (Gormley)

• Regulators at the Center for Devices and Radiological Health 
have recently developed a methodology to support premarket 
observational studies that minimizes bias by restricting statisti-
cians’ access to the outcome data before the analysis is run. (Li)

Randomization, by its nature, minimizes the effect of unmeasured 
confounders and other biases and allows straightforward inferences to be 
made from the gathered data. However, it is not always feasible and can 
be costly. When using observational data, what are ways to account for 
these biases and unmeasured confounders? What steps can be taken to 
ensure that the results from observational research are sound? In these ses-
sions, participants explored these questions and heard from speakers who 
have developed methods to gain confidence in unrandomized observational 
comparisons. Throughout the presentations and discussions, workshop 
participants also heard an alternative perspective from some speakers who 
emphasized the continuing importance of randomization and discussed 
methods to make randomization easier in real-world settings. 

ILLUSTRATIVE EXAMPLES

To explore the issues surrounding bias in observational comparisons, 
speakers at the second and third workshops presented case studies as illus-
trative examples of the considerations that go into designing and conduct-
ing observational data analyses. 

Health Care Databases for Regulatory Decision Making

Data for effectiveness research in health care, said Sebastian  Schneeweiss, 
professor of medicine and epidemiology at Harvard Medical School and 
Brigham & Women’s Hospital, can come from a number of different sources 
(see Figure 9-1). The first categorization, Schneeweiss said at the second 
workshop in this series, is between traditional randomized controlled trials 
(RCTs) and non-interventional studies. Within non- interventional studies, 
there are two major different sources of data, he said. One source is primary 
data that are generated for the purpose of conducting research on indi viduals 
and the investigator controls what, how, and when to measure; the other 
source is transactional data that are generated for other purposes, but used 
secondarily for research. Within transactional data, there are numerous cate-
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FIGURE 9-1 Sources of data for research.
NOTE: EHR = electronic health record; NDI = National Death Index; RCT = ran-
domized controlled trial. 
SOURCES: Schneeweiss presentation, March 6, 2018; Franklin and Schneeweiss, 
2017.

gories: electronic health records, laboratory results, and administrative data 
such as insurance claims. Schneeweiss said that in pharmacoepidemiology, 
approximately 90 percent of research is done with these types of transac-
tional data. 

Schneeweiss walked workshop participants through the process of 
using transactional data for research. First, he said, there is a dynamic 
database that records an ongoing stream of new health care records for all 
enrolled patients. These data are stabilized into a “snapshot” for research 
purposes. This ensures that the research will be replicable if the analysis is 
run again, said Schneeweiss. The study rules are then applied to all of the 
health encounters of individual patients (e.g., hospitalizations, diagnoses, 
procedures). 

Real-world data (RWD) have four different potential uses in regulatory 
decision making, said Schneeweiss. RWD can be used as synthetic control 
arms for single-arm trials for primary approval. RWD can be collected and 
analyzed for secondary indications—such as a different outcome or differ-
ent population—for a product that is already on the market. RWD can also 
be used as part of the initial approval process, when the indication has been 
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based on surrogate endpoints with the understanding that evidence of clini-
cal endpoints will be generated before the product receives full approval. 
Finally, RWD can be used for safety assessment and monitoring, either in 
the immediate postmarket time frame, or if a safety concern has arisen later 
in the product’s lifetime. 

Schneeweiss provided several examples of results from database studies 
that came to the same causal conclusion as RCTs (Connolly et al., 2009; Fer-
gusson et al., 2008; Fralick et al., 2017; Giles et al., 2016; Kim et al., 2017; 
Neal et al., 2017; Patorno et al., 2018; Schneeweiss et al., 2008; Seeger 
et al., 2015; Zinman et al., 2015). Schneeweiss pointed out that in these 
examples, a new-user, active-comparator design was chosen; determining 
why these database studies and RCTs came to the same conclusion would 
be key to indicating when database studies could be appropriate and reliable 
in future research. More importantly, said Schneeweiss, “How confident can 
we be that a new database study will generate results that are comparable to 
those from an RCT?” Confidence in non- experimental database studies, said 
Schneeweiss, depends on two factors. The first is whether the study examines 
beneficial effects or harmful effects, and second, whether it looks for the 
intended treatment effect or discovers unintended effects (see Figure 9-2). 
Depending on the answers to these questions, said Schneeweiss, the a priori 
confidence level in RWD will be higher or lower. For example, confidence in 
RWD is higher when the study finds an unintended (and unknown) effect, 
in part because the provider is “blinded” to the effect so the confounding 
is less strong, he said. 

There are three reasons, said Schneeweiss, why researchers prefer 
RCTs to observational studies. First, and most obvious, is that RCTs use 
 random treatment assignment. Second, there is controlled outcome mea-
surement. Third, the implementation of RCTs is clear and easy to under-
stand.  Schneeweiss emphasized that “sweat and tears” go into the design 
of an RCT, but the actual analysis is quite straightforward compared to 
the complex analytics used in database studies. Despite these advantages 
of RCTs, Schneeweiss offered his perspective on when a researcher might 
feel comfortable conducting a database study instead: 

• First, an active comparator is preferred. Using a database to study 
the difference between two active treatments is far easier than 
comparing a treatment to patients who did not receive treatment 
because “there is usually a reason why they did not get treated.” 

• The second requirement for a valid database study is that outcomes 
and exposures need to be measurable and observable in the data. 

• Finally, the key confounding variables need to also be measurable 
and observable in the system. 
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FIGURE 9-2 A priori confidence in validity of study findings. 
NOTE: RCT = randomized controlled trial; RWD = real-world data.
SOURCE: Schneeweiss presentation, March 6, 2018. 

There are research questions that need to be answered by RCTs, and 
research questions that can be answered through RWD analyses, said 
Schneeweiss. There is an unknown area of overlap between the two. “If 
you can identify that group of questions that are relevant for decision 
 makers and that we feel confident we can answer without randomization” 
and without putting patients at risk, RWD analysis could be used with high 
confidence, he said. 

Schneeweiss presented a possible pathway for deciding to conduct 
RWD analysis. At each step along the pathway, if the answer to a question 
is “no,” an RCT would be more appropriate. Schneeweiss described the 
checkpoints along the pathway:

• Is the setting adequate for an RWD analysis?
• Is data quality fit for purpose?
• Is the data analysis plan based on epidemiologic study design 

principles?
• Was balance in confounding factors among treatment groups 

achieved?

Zostavax Vaccine Effectiveness and Duration of Effectiveness Project

Hector Izurieta, epidemiologist at the Office of Biostatistics and Epi-
demiology at the U.S. Food and Drug Administration’s (FDA’s) Center for 
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Biologics Evaluation and Research, described a real-world study on the 
effectiveness and duration of effectiveness of the herpes zoster—commonly 
known as shingles—vaccine, Zostavax (Izurieta et al., 2017). The study 
used data on Medicare Part D beneficiaries and compared outcomes of 
those who had been vaccinated with those who had not received the vac-
cine. Outcomes included herpes zoster and ophthalmic zoster (a subtype 
of shingles in which the characteristic rash presents at the forehead and 
around the eyes) medical office visits, postherpetic neuralgia, and herpes 
zoster hospitalization. The researchers, said Izurieta, used Cox regression 
models to estimate the risks of herpes zoster and postherpetic neuralgia in 
the vaccinated and unvaccinated populations, adjusted for the main known 
characteristics, and measured the risk at different time intervals because 
vaccine protection varies over time. 

After this basic overview of the study, Izurieta went through the draft 
decision aid (see Figure 9-5 later in this chapter) and discussed each ques-
tion included in the decision aid. 

What Are the Clinical and Epidemiologic Justifications for the Comparator 
Selected (and the Margin, If Applicable)? 

Despite previous clinical trials, questions regarding the effectiveness of 
the vaccine and the duration of effectiveness lingered, said Izurieta. This 
study demonstrated effectiveness, and was also among the first studies to 
examine postherpetic neuralgia and hospitalization for herpes zoster, he 
said. 

Where Has the Study Been Registered Prior to Initiation (e.g., 
 ClinicalTrials.gov)? If It Is a Regulatory Study, or a Study Initiated by 
a Regulatory Agency, Which Regulatory Agencies Have Examined the 
Protocol? 

The study was not registered prior to implementation. As regulators, 
said Izurieta, the researchers worked within the team to prepare the pro-
tocol and analyze the data according to the prespecified protocol; they 
considered this to be appropriate for the time. 

How Can Reporting Be Structured to Enable Replication by a Regulator 
or Another Research Team?

To facilitate replication, said Izurieta, the researchers published appen-
dixes and supplementary material that included all of the covariates used, 
all of the codes used, and all of the analyses and subanalyses for the groups. 
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Does There Appear to Be Appropriate Balance Between the Treatment 
Cohorts After Matching/Weighting? After Matching or Weighting for 
Balance, Do the Analytic Cohorts Appear to Represent Clinically Meaningful 
Groups for Study (e.g., Has Utility or Generalizability Been Sacrificed)? 

To achieve balance, Izurieta and his colleagues adopted an approach 
developed by Rubin and Thomas (2000) that combines propensity scores 
and Mahalanobis metric matching. This approach, said Izurieta, allowed 
adjustment for heterogeneity between variables and controls, using a broad 
list of covariates that are plausibly related to herpes zoster, while gen-
erating cohorts that are closely matched on a subset of key covariates. 
The  researchers used propensity scoring to adjust for covariates, including 
demographic factors, socioeconomic conditions, health care usage char-
acteristics, and frailty characteristics. Mahalanobis distance was used to 
match essential covariates, including age, gender, race, and low-income 
subsidy. The database that was used, said Izurieta, included about 1 million 
people who had been vaccinated, and about 7 million who had not been 
vaccinated. This disproportion allowed the researchers to use nearly all of 
the vaccinated individuals and to be very selective about choosing non-
vaccinated individuals for one-to-one matching, said Izurieta. For each vac-
cine recipient, a control population was found whose propensity scores fell 
within an acceptable range. Among these beneficiaries, one vaccine recipient 
was matched to one control with the minimum Mahalanobis distance from 
the vaccine recipient. Researchers used standardized mean difference statis-
tics and falsification outcomes in order to assess cohort balance. 

Before matching, the two populations were different with respect to 
key covariates. For example, the unvaccinated population was slightly 
older, was more racially diverse, and was more likely to receive low-income 
subsidies. These differences resulted in variations in the propensity score 
distribution between groups, said Izurieta (see Figure 9-3). After using the 
two-step matching process with propensity scores and Mahalanobis dis-
tance, the propensity score distributions were “wonderfully consistent” for 
all covariates (see Figure 9-4). 

Are There Specific Unmeasured Confounders Thought to Be Sufficiently 
Influential That They Might Alter the Statistical Inference from the Study? 
Is There a Supplemental Way to Measure These Confounders? If Not, Can 
Sensitivity Analyses Be Designed to Examine Their Potential Influence?

While the cohort was well matched on many important covariates, said 
Izurieta, the problem of unmeasured confounders still existed. For example, 
vaccine recipients might seek health care more readily than non-vaccinated 
individuals. To address this issue, the researchers conducted a secondary 
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FIGURE 9-4 Postmatched herpes zoster vaccinated and unvaccinated cohorts.
SOURCE: Izurieta presentation, July 17, 2018. 

FIGURE 9-3 Prematched herpes zoster vaccinated and unvaccinated cohorts.
SOURCE: Izurieta presentation, July 17, 2018. 
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analysis that compared the herpes zoster vaccine recipients with a cohort of 
people who received the pneumococcal vaccine (but not the herpes zoster 
vaccine). The researchers used 13 negative endpoints (e.g., thrombosis, hip 
fracture, hemorrhoids) in order to check the balance of these cohorts, and 
found no substantial difference between the two groups (Tseng et al., 2011). 

After the herpes zoster vaccine study was published, said Izurieta, the 
researchers initiated a second project to use a Medicare survey to check the 
match of the herpes zoster study cohorts and to augment the cohort data 
using multiple imputation, something that had not been done previously. 
The Medicare Current Beneficiary Survey is distributed to a random sample 
of beneficiaries every year, and asks questions regarding health usage, vac-
cine history, education level, and frailty. The researchers compared approxi-
mately 900 herpes zoster vaccine recipients with about 900 non-vaccinated 
individuals from the survey respondents, and used multiple imputation to 
reanalyze the vaccine effectiveness after linking the data to the survey. 

DISCUSSION: OBSERVATIONAL STUDIES AND RANDOMIZATION

Perspective from Some Workshop Participants: 
Continued Importance of Randomization

Supplementing knowledge through observational comparisons is useful, 
said Robert Califf. However, while he agreed with the basic principles for 
RWD analyses laid out by Schneeweiss during the second workshop, Califf 
asserted that “where possible, you should randomize.” David Madigan, 
professor of statistics, and dean, Faculty of Arts and Sciences, Columbia 
University, agreed in part with Califf. However, he said, there are many 
disease areas and interventions for which evidence is needed, but there is 
never going to be a randomized trial. In these situations, evidence from 
observational studies is better than no evidence. Madigan said, “Random-
ization is an incredibly important tool that can provide very high-quality 
answers to important questions, but there are situations where we cannot 
randomize.” Observational database studies are one way to answer these 
questions (e.g., for rare diseases), and so there is a need to “keep improving 
the way we do these studies,” he added. 

One way to incorporate randomization into RWD, said  Califf, would 
be a system in which patients can consent to participating in randomized 
studies in the course of clinical practice. Califf said this type of randomiza-
tion could be used in a situation in which two reasonable clinicians would 
make a different choice for no specific reason. For example, if a patient 
has hypertension and there is substantial uncertainty about which drug is 
more effective, the patient could be randomized to receive one or the other. 
The data resulting from this randomization, he said, could be used to fill 
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a chasm in evidence to answer questions considered most important by 
patients and clinicians, including which of several approved treatments is 
best for which patient. 

Capturing the Uncertainty of Observational Trials

Every scientific study has some amount of uncertainty, said Madigan. 
While language such as “rely on” or “trust” is often used to describe a 
study, he said, this is the wrong mindset: The focus instead should be on 
characterizing and conveying the uncertainty in the study results. When a 
study is aimed at estimating the effect size of an intervention in some popu-
lation, there are varying levels of accuracy depending on the study design. 
A well-conducted RCT can be quite accurate; an observational study that 
is not randomized, said Madigan, tends to be less accurate in general. 
However, the observational study may be “accurate enough” for the deci-
sions that need to be made. Researchers have a duty to better capture and 
characterize all of the types of uncertainty in a study, he said. 

Madigan described a statistical approach that he said can help illumi-
nate the level of uncertainty in an observational study. Propensity scoring 
(which Izurieta used), he said, is a commonly used approach that attempts 
to estimate the probability that an individual would have an exposure 
(e.g., be treated with a drug, be a smoker). In an RCT, researchers know 
the exact likelihood that someone will be exposed (i.e., 50 percent if it is 
a 50–50 randomized trial), but in the real world, the likelihood of being 
exposed is due to a large number of factors such as socioeconomic status, 
access to health care, age, etc. Propensity scoring attempts to account 
for these factors by adjusting the likelihood of an exposure accordingly. 
Paul Rosenbaum (Rosenbaum, 2010) has extended this idea further, said 
Madigan, by attempting to account not just for known factors that affect 
probability of exposure, but also for the unknown factors that are not 
included in the propensity score. Rosenbaum accounts for these unknown 
factors by calculating how large a difference there would need to be in the 
probability that two people have an exposure in order for the results to 
not be statistically significant. An example of this approach, said Madigan, 
can be found using a 1954 matched-pair study on smoking (Hammond 
and Horn, 1954). This study matched each person who smoked heavily 
with one person who did not smoke and compared the outcomes. After 
adjusting for known covariates, there was a statistically significant large 
effect of smoking on lung cancer. Cornfield et al. (1959) calculated that in 
order for this effect to not be statistically significant, there would need to 
be an unknown factor that made it nine times more likely for a person to 
smoke. Madigan said “it is pretty hard to conceive of” an unknown factor 
that would increase a person’s risk of smoking nine-fold. This “gamma 
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analysis,” as Rosenbaum calls it, can give researchers confidence in findings 
from observational studies, even if the effect estimate is not as accurate as 
from an RCT. David Martin, associate director for Real-World Evidence 
Analytics at FDA’s Center for Drug Evaluation and Research (CDER), gave 
a regulator’s perspective on this approach, and said that this type of analysis 
could help move the conversation forward in a way that addresses concerns 
on both sides. On one side, it helps to mitigate the concerns of people who 
dismiss observational studies as being fraught with unmeasured confound-
ing, and on the other, it forces observational researchers to truly examine, 
consider, and account for the effect of all potential variables. 

Multiple Unreported Analyses

One issue with observational studies, said Califf, is the possibility of 
researchers conducting multiple, unreported analyses and then choosing 
only the most favorable ones to report. When there are an unlimited num-
ber of chances to obtain a certain result, the reported outcome is likely not a 
valid representation of the truth, he said. Although results in the published 
literature may point to a certain finding, Califf said, “We have no idea how 
many things were looked at that were never published.” Observational data 
can now be analyzed with the push of a button because of automated pro-
grams; this ease of analysis increases the chances that the published results 
are a highly selective sample of all of the results compared with clinical 
trials. He added that there is a need for principles and systems to address 
this issue for observational studies. Schneeweiss agreed that many database 
studies are done “in the dark” and said that practices such as preregistra-
tion of database studies could help address the issue. Schneeweiss said that 
preregistration is particularly appropriate for confirmatory studies, and 
Martin agreed, noting that research that is performed to evaluate or con-
firm hypotheses needs transparency. Martin suggested that other counter-
measures to multiple unreported analyses could be in-house replication by 
FDA, or support from FDA for complex data analysis. 

Richard Platt told workshop participants about how Sentinel deals with 
multiple unreported analyses. Before a study is implemented, he said there is 
extensive discussion between FDA scientists and the researchers at Sentinel, 
and all of the specifications are decided in advance. Multiple analyses may 
still be done, he said, but each one is specified in advance and is shown 
in the report, so it is a transparent process. For regulatory decisions, said 
Martin, this type of prespecification is a necessary best practice. Another 
workshop participant added that there are technological approaches used 
to help ensure that there is a prespecified protocol and that the first analysis 
is reported as such (rather than running multiple analyses and picking the 
“best” one to report). 
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Gregory Simon noted that there are two potential solutions to the 
problems with multiple unreported analyses. The first would be to allow 
only a certain number of prespecified analyses. The second would be to 
allow analyses to be unlimited, but require that all analyses be reported 
and compared. Schneeweiss disagreed with this second approach, saying 
that “you just get a mess of data and you have no idea how to interpret it.” 

Several other individual speakers emphasized the importance of pre-
specification of the analytic plan; Mark van der Laan, professor of bio-
statistics and statistics at the University of California, Berkeley, called the 
problem of multiple unplanned analyses “the biggest problem in observa-
tional studies.”

Reproducibility

Several individual participants noted problems related to non- 
reproducibility of database studies. One issue, said Madigan, is that 
researchers write custom code for a particular study rather than using 
validated tools. If the code is not available to other researchers, the study 
cannot be reproduced. Another issue, he said, is that authors are not 
always transparent about their design and analytic choices. For example, 
he cited a paper that said the study was “adjusted for age.” However, no 
further details were given about how this was done, and Madigan had to 
contact the authors to understand that they had grouped the participants 
into 5-year ranges. If the participants were grouped by different age ranges, 
the data generated a different answer, Madigan said, adding, “The level of 
irreproducibility we are living with right now is unacceptable.”

RWD analyses, said Schneeweiss, require multiple difficult choices 
about study design, dealing with non-standardized observations, and com-
plex analytic methods. Because of this complexity, he emphasized that it 
is essential that researchers present studies with transparency and promote 
replicability. Decision makers—particularly regulators—need to be able to 
determine exactly how and when decisions were made in order to assess 
the quality of the research and replicate the analysis. “Transparent, struc-
tured reporting of complex methodology clarifies study validity for decision 
 makers,” Schneeweiss observed. 

DECISION AID

The general issues discussed by individual workshop participants in the 
first and second workshops were used to develop a decision aid for the third 
workshop (see Figure 9-5). As with the other decision aids, the intention 
was to outline some questions to consider to make thoughtful choices in 
real-world evidence (RWE) study design. Participants at the third workshop 
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reflected on these questions and offered feedback on the decision aid specifi-
cally (see Box 9-1) and throughout the course of their discussions.

PRESENTATIONS: OBSERVATIONAL STUDIES AND BIAS

Replicating RCTs to Gain Confidence

One way to increase confidence in observational studies, said Jessica 
Franklin, assistant professor of medicine at Harvard Medical School, is 
to replicate results from RCTs using RWE. If RCT results can be consis-
tently replicated across a range of clinical questions, this “gives us confi-
dence going forward into new clinical questions,” she said. Franklin and 
 Schneeweiss are working on a project that will replicate a number of RCTs 
using RWD sources. Thirty RCTs have been selected, and the researchers 
are setting up the protocol for conducting the replications, she said. The 
process for determining which RCTs are appropriate for replicating with 
RWD, she said, is similar to the process that Schneeweiss outlined for 
determining whether a question can be appropriately answered with RWD. 
First, the setting and data quality must be assessed for the specific research 
question. Next, a statistical analysis plan is drafted, and initial analyses are 
conducted to test feasibility and validity. If the study passes these initial 
steps, the study is registered, and the analyses are specified before being 
conducted. Once results are reported, additional analyses can be conducted 
if necessary or appropriate. This process could serve as a model for how to 
use RWE to inform policy, said Franklin. 

Marc Berger added that replicating RCTs can be used to identify fit-
for-purpose datasets. If a dataset and an RCT generate substantially similar 
results, other analyses that use the same dataset “should be more credible,” 
he said. 

Predictive Analytics and Machine Learning 

Javier Jimenez, vice president and global head for Real-World Evidence 
and Clinical Outcomes at Sanofi, suggested that new tools such as machine 
learning and predictive modeling may be useful for analyzing RWD. In 
addition to other uses, machine learning and predictive modeling present an 
opportunity to evaluate unmeasured confounders through proxies from other 
information that has been collected, he said. Jimenez presented a study on 
insulin in which predictive analytics were used to build models that evaluated 
the probability of an outcome for different populations, based on informa-
tion in the Optum Database. The predictive models were based on individual 
variables as well as the interactions of all the variables, said Jimenez. The 
models were applied to the overall population in order to understand the 
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expected outcome if all patients were to use the particular insulin product. 
The results of this model, he said, were consistent with the results from a 
real-life study. In addition, the analysis revealed a particular subgroup that 
benefited more from the product. This model, said Jimenez, could be used 
to predict the probability of a specific outcome for a patient, using all of the 
available information. 

van der Laan outlined another modern approach for conducting observa-
tional studies using computer systems to learn from data, known as “targeted 
machine learning.” This approach, he said, is always based on a roadmap 
of causal inference, with defined steps that are followed for every analysis: 

• The first step is understanding the question of interest from a causal 
perspective—that is, what are the outcomes, interventions, and 
other variables of interest—and developing a causal model describ-
ing the causal relations among the variables. The causal model 
allows a researcher to define the counterfactual data that would 
have been seen under a particular intervention on the intervention 
variables and defines the causal question of interest.

• Second, the researcher must determine what observed data are 
available and link them to the underlying counterfactual data that 
define the causal question of interest. 

• Third, researchers determine whether causation can be established 
from the available data. To answer this, researchers use mathe-
matical techniques to establish identification of the answer to the 

BOX 9-1 
Feedback on the Decision Aid as Discussed 

by Individual Workshop Participants

Several workshop participants offered specific feedback on the decision aid 
“How Can Bias in Observational Comparisons Be Assessed and Minimized?”:

•  The clinical context and the decision to be made should be included in 
the decision aid because they are critical to the choices that a researcher 
makes in the design of an observational study. (Daniel) 

•  Incorporating common methodological issues, most of which are entirely 
avoidable, could improve the decision aid. Examples of common mistakes 
include immortal person-time, overadjustment, and using an inappropri-
ate comparator (Patorno et al., 2018). (Franklin)

•  The decision aid itself is overly simplistic; the aid is tailored to very 
specific methods (e.g., propensity scores) when in reality, a number of 
different methods can be used. (van der Laan)

http://www.nap.edu/25352


Examining the Impact of Real-World Evidence on Medical Product Development: Proceedings of a Workshop ...

Copyright National Academy of Sciences. All rights reserved.

GAINING CONFIDENCE IN OBSERVATIONAL COMPARISONS 149

causal question from the observed data distribution under a specified 
set of causal assumptions. These underlying assumptions generally 
cannot be tested. Any such identification result defines an estimand.

• Next, the researcher must commit to an estimand that “best” 
approximates the desired causal quantity and develop an a priori 
specified estimator and method of inference. It is essential that this 
be a priori specified in order for the research to be reproducible 
and transparent. 

• The final step is sensitivity analysis to establish how confidence 
intervals and p-values change under different levels of assumed 
discrepancy of the estimand and the desired causal quantity, due 
to unmeasured confounding or other violations of the non-testable 
assumptions. 

van der Laan described an approach called “targeted learning,” which 
combines causal modeling, state-of-the-art machine learning, and deep sta-
tistical learning to get more precise answers for causal questions of interest, 
while providing formal statistical inference in terms of confidence intervals 
and p-values. Targeted learning is a technique to minimize estimation bias 
and to maximize precision in observational studies. 

Regulatory Perspective on Observational Studies for Drugs

Nicole Gormley, clinical team leader within the Division of Hematol-
ogy Products at CDER, said although the 21st Century Cures Act has put 
new focus on RWD and RWE to expand and expedite drug development, 
the “evidentiary criteria and standard really doesn’t change.” To approve a 
drug label, FDA needs a “demonstration of substantial evidence of efficacy 
with adequate demonstration of safety to enable the safe and effective use 
of the product,” Gormley said. RWE can serve as primary or supportive 
evidence when FDA evaluates a product for approval, and there are specific 
aspects that regulators would consider to evaluate evidence, she said: 

• First, data should be relevant for the proposed indication for the 
product; that is, the data should represent the population of inter-
est and the setting in which the product would be used. For exam-
ple, in an RCT, there are strict inclusion and exclusion criteria that 
define the patient population. In RWD, by contrast, the patient’s 
inclusion in a treatment group is due to multiple factors, which can 
introduce bias. 

• Second, a critical factor is that the outcomes being measured are 
clear and well assessed. In some disease settings, outcomes are rela-
tively easy to assess (e.g., survival rates). Other endpoints may be 
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more difficult to assess, particularly in the real world. For example, 
an outcome of “attaining transfusion independence” is easy to 
assess in theory through the absence or presence of transfusions. 
However, in practice, some patients may be receiving transfusions 
at other centers that are not captured in the data, or data may be 
missing for other reasons. 

• A third aspect of RWE that regulators would consider is the 
 methods used to collect the data. Some methods give more confi-
dence in the data collected, including well-designed  protocols that 
minimize bias, account for confounders, and mitigate the impact 
of missing data. 

• Finally, the statistical analyses applied to the data should be “robust 
and of significant rigor.” While RWE has the potential to expedite 
drug development and complement the evidence from RCTs, it is 
important to ensure that RWE is collected and analyzed in a way 
that minimizes bias and increases reliability. 

Gormley emphasized that when stakeholders are considering using 
RWE for regulatory purposes, they should engage in dialogue with FDA 
early in the process.

Regulatory Perspective on Observational Studies for Devices

Premarket observational studies are more common in devices than in 
drugs, said Heng Li, mathematical statistician at FDA’s Center for Devices 
and Radiological Health (CDRH). This is due in part to a difference in 
the evidentiary standards for devices; for drugs, Li summarized that FDA 
requires “substantial evidence from well-controlled investigations.” For 
devices, however, FDA requires “reasonable assurance based on valid scien-
tific evidence,” Li said. This evidence can come from well-controlled inves-
tigations as well as partially controlled studies, studies without matched 
controls, or well-documented case histories conducted by qualified experts. 
Premarket observational studies for devices generally use prospective enroll-
ment for the treatment arm, and use an RWD source as a concurrent or 
historical control, said Li. 

Statisticians at CDRH recently developed a streamlined procedure for 
designing premarket observational studies, said Li. This procedure uses 
propensity score methodology to balance baseline covariates, and uses an 
“outcome-free” design principle. This principle requires the propensity 
score development and assessment of covariate balance to be performed 
without knowledge of any outcome data. This procedure has two stages, 
he said: 
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• The first stage involves specifying a comprehensive list of baseline 
covariates, choosing an appropriate data source for the control 
group, identifying an independent statistician, and estimating the 
sample size. 

• The second stage begins after the patients have been enrolled 
and all of the baseline covariate data have been collected, cleaned, 
and locked. In this stage, the independent statistician estimates the 
propensity score, performs matching or weighting, assesses base-
line covariate balance, and finalizes the sample size and statistical 
analysis plan. 

All of this work is done, said Li, without access to any outcome data. 
By blinding the statistician to the outcomes, a source of potential bias in the 
analysis is eliminated. This procedure has been implemented successfully in 
the premarket space for devices, he said. 

DISCUSSION: THE FUTURE OF OBSERVATIONAL STUDIES

Context of the Decision

The choices in design and analysis of an observational study, said 
Gregory Daniel, depend on the context in which a decision is being made. 
Is it a chronic disease or is it a rare disease? What is already known about 
the safety and efficacy of a product? What is the expected treatment effect? 
What is the regulatory question at hand? For example, is it a brand new 
indication or an extension of the label? Gormley agreed, and said that evi-
dence from observational studies needs to be examined on a “case-by-case 
basis.” The context is enormously important, she said; for example, the 
standard of evidence may be higher for a situation with the potential for 
serious, life-threatening illness. 

Best Practices for Observational Studies

While the questions on the decision aid are useful, it is a “very hard 
task” to dictate exactly how to do design or analysis, said Franklin. For 
any given clinical question, she said, the methods are going to vary. It can 
be useful to give people examples of practices that have worked in the past 
or to point out some of the common mistakes in observational studies, she 
said. For example, she pointed to Schneeweiss’s presentation about which 
characteristics lead to a more valid observational study: an active compara-
tor, a new user design, well-specified outcomes, and data sources with good 
longitudinal exposure measurement. In addition to these, propensity scores 
and sensitivity analyses can be useful, she said. 
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Berger agreed that there is a need for adoption of best practices in 
observational studies. In clinical trials, he said, there are rules and struc-
tures that enforce best practices for study design and conduct. For example, 
in RCTs, hypotheses must be registered, and if a hypothesis changes, this 
needs to be reported. Berger advocated for similar requirements and prac-
tices for observational studies: “We need to bring observational data up to 
the same level of scrutiny as we have for RCTs” before discussing when 
and whether RWD are fit for purpose. 

Schneeweiss emphasized that the reliability of an observational study 
is driven by the underlying data. If the data are not fit for answering the 
question, the results will not be reliable. Unfortunately, he said, this is an 
ongoing process because “there is no one single dataset that will be fit” for 
all research questions. 
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Key Messages Identified by Individual Workshop Participants

• Health technology assessment relies on understanding the com-
parative effectiveness of new treatments; real-world evidence 
(RWE) can play a role in supplementing evidence from ran-
domized clinical trials. (Jonsson)

• Using RWE can potentially engage patients more deeply in 
their care and in research, particularly with increases in usage 
of mobile technology and patients’ ability to aggregate and 
share data about their own health. (Stem)

• Supporting a patient-centric shift in health research and care 
may require rethinking legislation and incentives, and forming 
new types of partnerships. (Stem)

• Newer clinical trial designs, such as adaptive designs, platform 
trials, or incorporating RWE, have the potential to significantly 
reduce cost and time investments required for medical product 
development. (Levy)

• The U.S. Food and Drug Administration’s (FDA’s) Center for 
Drug Evaluation and Research (CDER) uses RWE to routinely 
support postmarketing safety evaluation and to a limited extent 
for effectiveness in certain rare diseases, including oncology 
diseases; CDER’s experience with Sentinel and support of sev-
eral demonstration projects can inform policies going forward. 
(Corrigan-Curay)
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• FDA’s Center for Biologics Evaluation and Research uses sev-
eral population-based data systems to conduct RWE safety 
and effectiveness studies, including a new program, Biologics 
Effectiveness and Safety (BEST), which is designed to build 
data infrastructure, tools, and expertise. (Anderson)

• FDA’s Center for Devices and Radiological Health (CDRH) 
routinely uses RWE in its product evaluations for both pre/
postmarket decisions. It has also started two programs to com-
bine registry data with other forms of real-world data to better 
address regulatory needs. (Shuren)

• CDRH released guidance on use of RWE in 2017, which 
pointed to relevance and reliability as two critical consider-
ations in evaluating RWE. (Shuren)

• All three medical product centers at FDA are interested in using 
RWE, but would like to have more experience with regulatory 
applications of the evidence and acknowledge that evidence for 
regulatory purposes is necessarily different from that suitable 
for other purposes. (Anderson, Corrigan-Curay, Shuren)

The workshops’ discussions on real-world evidence (RWE) concluded 
with sessions about how RWE can be used to improve different facets of the 
health care system, including any potential to improve health technology 
assessment, to transform product research and development, or to bring 
patients in as partners for research. Workshop participants also discussed 
how—based on U.S. Food and Drug Administration (FDA) input—RWE 
can inform regulatory decisions for biologics, drugs, and devices in the 
United States and abroad. 

REAL-WORLD EVIDENCE TO IMPROVE 
HEALTH TECHNOLOGY ASSESSMENT

Health technology assessment has a problem, said Pall Jonsson. The 
function of the UK National Institute for Health and Care Excellence 
(NICE) is to understand the comparative effectiveness and comparative 
cost-effectiveness of new treatments compared with standard practice. 
However, obtaining data suited for health technology assessment is becom-
ing increasingly difficult. For example, new treatments in orphan diseases 
are becoming available, and the treatments are not supported by large 
randomized controlled trials (RCTs) that are traditionally used in assess-
ments. Drugs are receiving market authorization based on single-arm 
 trials, particularly in orphan diseases or areas of unmet needs. The lack of 
head-to-head trial data on these products makes them difficult to assess, 
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he said. Some drugs are receiving accelerated approval through new regu-
latory mechanisms. This acceleration means the products are getting to 
patients quicker, but it also means the data are less mature and there is 
more reliance on observational data. All of these factors combined, said 
Jonsson, mean there is “increased uncertainty around the decisions that 
we have to make.” 

RWE has a role to play in providing data for comparative assessments, 
said Jonsson. While NICE’s assessment framework traditionally relies on 
RCTs, real-world data (RWD) sources may provide more useful data in 
some cases. For example, RCTs have narrow inclusion criteria, which 
reduces evidence about how a product works in patients with comorbidi-
ties or with more severe diseases. RCTs are time limited, which restricts 
the ability to gather evidence on long-term effectiveness, particularly for 
patients with chronic disease. Comparators in RCTs sometimes do not 
reflect the local practice or clinical practice, which makes it difficult to 
assess real-life comparative effectiveness of a product, he said. Of course, 
he added, using RWE also has challenges, including limited availability 
of data at time of assessment, potential for bias, poor quality or missing 
data, and data sources that are not established for research purposes. The 
acceptability of RWE varies across Europe; different countries have differ-
ent views on the importance and credibility of RWE and the potential value 
of RWE in the future (see Figure 10-1). 

To address the potential use of RWE, as well as the challenges involved, 
the GetReal1 project was established approximately 4 years ago by the 
Innovative Medicines Initiative (IMI) in Europe, said Jonsson. IMI brought 
together stakeholders—including regulators, payers, patients, assessors, 
clinicians, and drug developers—to identify issues with current evidence-
generation practices, and to explore how RWE might be useful for key 
decision makers. 

The stakeholders involved in GetReal identified several pressing needs 
in the RWE space, said Jonsson, including

• Integrity, quality, access, and privacy protection of RWD sources;
• Guidance on RWE study design, evidence synthesis, and interpreta-

tion in decision making;
• Training and education in RWE; and
• Broader involvement of stakeholders in RWE generation and use 

of RWD.

A key finding of GetReal, said Jonsson, was that more attention should 
be paid to the “whole journey” of RWE, from designing studies to imple-

1  See http://www.imi-getreal.eu (accessed November 4, 2018).
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FIGURE 10-1 Acceptability of real-world evidence (RWE) across Europe. 
NOTE: The shaded portions of the circles indicate the value and importance placed 
on RWE in each country (indicated by flag across the top).
SOURCES: Jonsson presentation, July 17, 2018; Gill et al., 2016.

menting and analyzing studies. To focus on the whole journey, GetReal 
has received additional funding to create a sustainable, self-funded entity 
to continue this work in its next iteration. The next generation of GetReal 
will continue to drive international consensus and use of RWE in decision 
making, provide tools to deliver high-quality RWE, and provide the educa-
tion and training required to generate and use RWE. International thought 
leaders within the entity will “act as ambassadors” for the use of RWE by 
broadly engaging with stakeholders to drive debate and facilitate uptake 
of best practices. 

Jonsson provided three examples of how the GetReal initiative has 
affected the work of NICE in the past several years. Jonsson noted that 
NICE is a unique stakeholder in that it is not a regulator or a payer, but 
sits “somewhere in between” and provides guidance to a broad range of 
stakeholders, including health care, public health, and social care organi-
zations. The approach that NICE takes in regard to RWE, said Jonsson, 

http://www.nap.edu/25352


Examining the Impact of Real-World Evidence on Medical Product Development: Proceedings of a Workshop ...

Copyright National Academy of Sciences. All rights reserved.

LOOKING AHEAD 157

needs to be compatible across all of these areas and all of the different 
stakeholder needs. 

The first example of NICE progression in incorporating RWE, said 
Jonsson, is the development of an internal health care and data analytics 
team that can help identify research questions, work with data owners, 
analyze data, and provide quality assurance of data. This team will be 
supported by an external advisory group that consists of members, data 
owners, experts, and industry, he said. Future partnerships may include 
working with the UK National Health Service to facilitate access to data 
and to understand how NICE guidance impacts the health care system, or 
working with health policy agencies to implement pilot projects. 

The second example Jonsson discussed is a NICE statement that incor-
porates lessons learned from the GetReal project. The manual describes a 
range of possible situations in which RWD can be used in the context of 
NICE guidelines, and is meant to encourage guideline developers to con-
sider whether and when analysis of RWD could be used to support deci-
sion making. The manual “flags key areas where we think there is a role 
potentially for real-world data,” Jonsson said. For example, applications 
might include addressing the efficacy–effectiveness gap, extrapolating treat-
ment beyond the duration of clinical trials, and understanding the impact 
of treatments on the health care system. 

Finally, NICE’s Science Policy and Research team is prioritizing areas 
for methods development, said Jonsson. The team is engaging in research 
projects with partners in order to develop best practices for applying adjust-
ment methods for confounding, explore the use of big data in health care 
decision making, and consider the use of advanced analytics and artificial 
intelligence for RWE analysis. 

REAL-WORLD EVIDENCE TO TURN PATIENTS INTO PARTNERS

In RCTs, said Komathi Stem, founder and chief executive officer of 
monARC Bionetworks, patients are passive participants. Data generated 
by RCTs are clean, structured, and easy to analyze, but at the same time, 
are limited, expensive, time consuming, and not always generalizable. RWE 
presents an opportunity to change these dynamics, and to turn patients into 
partners, she said. 

Stem discussed three major trends that are facilitating a shift toward a 
more patient-centered, real-world approach: 

• First, the point of care is shifting from the clinic to the smartphone 
(see Figure 10-2). Smartphones can be used to track health infor-
mation, conduct telemedicine visits, and facilitate communication 
between providers and patients. Ninety-five percent of Americans 
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FIGURE 10-2 monARC Bionetworks Integrated Learning Platform. 
NOTE: AI = artificial intelligence; EHR = electronic health record.
SOURCE: Stem presentation, July 17, 2018.

have a cell phone, 77 percent have a smartphone, and 20 percent 
have online access only through a smartphone (Pew Charitable 
Trusts, 2018). Seventy-five percent of physicians are using mobile 
tools in their clinic, and 75 percent of patients are willing to use 
mobile tools or telemedicine (Physicians Foundation, 2018). “This 
is the new clinical care setting, and if we continue to develop 
drugs in our traditional brick-and-mortar medium, we’re going 
to be developing tools and drugs for a market that is completely 
different.” 

• Second, data are abundant, but highly compartmentalized and 
noisy. There are data from wearables, social media, smartphones, 
and electronic health records (EHRs), and these data are complex 
and variable. However, there are issues with interoperability, and 
with mitigating privacy concerns and proprietary obstacles to data 
sharing. These issues limit the potential of what can be done with 
the abundant data that exist. 

• Third, there is a developing shift from data ownership to data 
access. Ultimately, being able to access, integrate, and use a variety 
of data streams is what delivers value. Players in other industries—
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such as Amazon, Facebook, and Apple—have begun this shift, and 
health care should follow suit. 

In this new world, patients will be the most important partners for 
research, Stem said. Patients are ideal aggregators of RWD; people already 
own a considerable amount of data from smartphones and other technolo-
gies, and they have and can grant access to their own health records. Patients 
are willing to share their data—96 percent have expressed a willing ness to 
share, provided that security is protected and that the data will be used for 
a trustworthy purpose, she said. Patients can provide not just RWD, but 
also real-world insights. Stem said that patients can help develop meaning-
ful endpoints for research, influence the design of research, and improve the 
decision-making process, similar to W. Benjamin Nowell’s presentation in 
Chapter 7. Patients expect to be partners in this new world, said Stem, and 
expect to access continuous and updated information, such as personalized 
and dynamic drug labels on their smartphones. 

To capitalize on these trends and to involve patients as partners, said 
Stem, monARC Bionetworks has developed an integrated RWD learn-
ing platform. monARC worked directly with patients to generate virtual 
research networks where patients can share data, and be engaged and 
recruited for research (see Figure 10-2). This system, said Stem, means that 
researchers can design better trials from the beginning and accelerate trial 
development by using data from patients and by recruiting and qualifying 
patients for whom data already exist in the system. Stem gave an example 
of an observational study on home spirometry that went from Institutional 
Review Board approval to published poster in 4 months. 

These types of big changes to health research and practice, said Stem, 
will require big changes to incentives and legislation, as well as new part-
nerships. New incentives for data sharing across researchers and sponsors 
are needed, as well as incentives to develop novel endpoints. Clarity and 
improvement are needed in legislation about telemedicine, drug shipments, 
and research, she said. For example, the use of smartphones as a point of 
care or in research is highly limited by these laws. Finally, she said, there 
should be collaboration among industries such as social media, mobile 
devices, and artificial intelligence, and “bold partnerships” with patients to 
leverage the RWD and real-world insights they have to offer. Stem advo-
cated for making processes simple so patients can participate in research, 
and for ensuring patients have access to or the ability to learn from the 
research to which they contribute. Echoing Nowell, Stem said patients have 
unique and invaluable insights; they “know a lot about their own condi-
tion, maybe more than we do, because they’re living it.” 
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REAL-WORLD EVIDENCE TO TRANSFORM 
RESEARCH AND DEVELOPMENT

“We are living in extraordinary times,” said Elliott Levy, head of 
Development at Amgen Inc. There is a confluence of new technologies 
and the availability of new data sources that have the potential to trans-
form medical product development. Over the past several decades, he said, 
medical technologies have been developed that have incredible potential. 
For example, T cells can be reprogrammed to express a chimeric antigen 
receptor, and these CAR-T cells have been used with response rates exceed-
ing 80 percent in patients with highly refractory malignancies. Researchers 
have access to unprecedented amounts of data—such as genetic code—that 
can be used to personalize and target therapies. These technologies and 
new data sources are exciting, said Levy, who cautioned that “it will be 
expensive” to do the research and build the infrastructure necessary to fully 
exploit the opportunities presented. Unfortunately, the cost of developing a 
new medicine has been steadily increasing over the past few decades, while 
revenues of pharma ceutical companies have remained flat or risen slowly. 
Because of this, the challenge, said Levy, will be in finding a way to exploit 
new technologies and new data sources, without the luxury of having new 
funds to invest. 

Several factors increase the cost of developing drugs, Levy said. The 
failure rate of new drug candidates is high, with only about 1 in 10 reaching 
the market (DiMasi et al., 2016). Levy said this rate suggests that despite a 
growing understanding of human biology, the research community’s “abil-
ity to identify targets outstrips our ability to validate and confirm their 
importance.” The data requirements for new products are increasing, with 
a growing demand for active comparator data, patient-reported outcomes, 
and long-term safety follow-up data. Finally, the most burdensome part of 
drug development is the cost of collecting the data in the physician’s office, 
he said, a cost that continues to rise quickly. 

In addition to the cost of developing new drugs, there is a significant 
cost to maintaining drugs that are on the market, Levy observed. There 
are demands for postmarket safety data, data on how products affect the 
health system, and further investigation into extending the product into 
pediatric or other special populations. The costs of developing and main-
taining products present a “formidable challenge to our ability to realize 
the promise of new technologies and new data sources, and bring to market 
truly transformative medicines,” said Levy. 

RWE can play a critical role in addressing this issue in a sustainable 
way, he said. Levy noted that traditional cost-cutting measures typically 
yield significant savings initially, but the savings rate diminishes over time. 
For example, if a company moves a data management unit to India, there 

http://www.nap.edu/25352


Examining the Impact of Real-World Evidence on Medical Product Development: Proceedings of a Workshop ...

Copyright National Academy of Sciences. All rights reserved.

LOOKING AHEAD 161

are significant initial savings, but no future decreases to this cost. The 
challenge is to identify ways to stop or even reverse the increase in drug 
development costs, and this may require “radical changes” in the design 
and methodology of clinical trials. Levy shared three potential approaches 
to reduce the cost burden of generating evidence. 

One potential change is a shift to adaptive trial designs, which have 
the potential to increase the probability of making correct decisions with 
reduced sample size and cost, and on a shortened time line. In essence, 
adaptive designs allow researchers to “fail efficiently and succeed effi-
ciently,” Levy said. He shared a hypothetical example of a traditional 
design compared to a Bayesian adaptive design (see Figure 10-3). It showed 
that the adaptive design needed to enroll about 20 percent fewer subjects, 
and saved 4 to 6 months in the time needed to reach a decision on product 
efficacy or futility. This type of design, said Levy, means that such decisions 
can be reached more quickly, and patient exposure can be limited earlier if 
a product is found to be ineffective. Levy noted that adaptive designs are 
currently used extensively in Phase I, to some extent in Phase II, but only 
sparingly in Phase III, where the greatest costs are incurred. 

A second promising approach, said Levy, is the platform trial, a con-
cept mentioned during the first workshop by Janet Woodcock of FDA. 
This design allows more than one agent to be studied in a single trial, or 
a single agent can be studied in multiple disease types. For example, two 
anticancer treatments that would normally be studied in two parallel trials 
(see Figure 10-4) could potentially be combined into a single platform trial 
that has a single master protocol, consolidated start-up procedures, and a 
combined comparator arm (see Figure 10-5). Consolidating two trials into 
one, said Levy, saves about 25 percent in terms of cost, number of patients 
randomized, and trial duration. A more complex platform trial (e.g., com-
bining a larger number of experimental agents) could lead to even greater 
savings, he said. 

The third approach for reducing costs, said Levy, is to use RWE to aug-
ment RCTs or perhaps for label expansions on existing products. RWE can 
be incorporated into trial design in a number of ways, he said. For example, 
a simplified pragmatic trial could randomize patients and collect data on 
baseline status, adverse events, and key endpoints, but rely on information 
collected in the usual course of care for all other data. By reducing the fre-
quency of study visits and the number of laboratory assessments, this can 
reduce the cost per patient by about two-thirds, said Levy. In some cases, 
RCT evidence could be replaced entirely by RWE. If a product is already 
known to be safe and effective, but evidence is needed for marketing the 
product to a new geography or a new indication, a retrospective RWE study 
can use data that already exist, and reduce the time and cost significantly. 
Levy estimated that replacing RCTs with RWE would reduce the cost of a 
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study by up to 90 percent and the duration of the trial by up to 80 percent. 
Berger added that another way to incorporate RWE is to nest trials within 
registries or networks where data are already being collected on a systematic 
basis. 

While all of these approaches—adaptive design, platform trials, and 
using RWE to augment trials or for label expansions—can generate sig-
nificant cost and time savings, said Levy, RWE has the potential for the 
most radical cost savings (see Table 10-1). The conventional approaches 
that drug development companies have pursued over the past decade for 
improving cost efficiency have already been fully exploited and will not 
yield meaningful additional gains, said Levy, so other changes will be neces-
sary. Greater improvements in trial costs and time lines will require radical 
reductions in the amount of data collected specifically for the trial, instead 
replacing it with the RWD collected in the process of providing care, he 
said. Levy noted that RWE is not appropriate for every setting, and that 
RCTs will continue to play an important role. However, the overall cost of 
developing drugs could be reduced by using new trial designs and incorpo-
rating RWE whenever feasible and appropriate. Hernandez emphasized that 
the timing and scope of a study can greatly impact the cost of the study. 
A trial that aims to assess a product early in its life cycle likely requires 
significant data collection and must contend with many adverse events, 
concomitant therapies, and analysis of millions of data points. By contrast, 
a trial that assesses a product later in its life cycle can be more streamlined, 
collect fewer data, and cost significantly less. 

TABLE 10-1 Hypothetical Examples of Cost Savings

Example Savings

Risk-based monitoring ~5 percent of total clinical trial spend

Adaptive trials designs
Average saving of ~20 percent study subjects and up to 25 
percent reduction in trial timeline

Platform trials
~20–40 percent saving of trial costs and reduction of timeline 
by ~25 percent

Highly simplified trials ~50 percent reduction in per-site and per-patient costs

Real-world evidence 
(in lieu of randomized 
controlled trial)

Up to ~90 percent reduction in total trial cost and ~75 percent 
reduction in trial timeline

SOURCE: Levy presentation, July 17, 2018. 
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REAL-WORLD EVIDENCE TO INFORM REGULATORY DECISIONS

In this session of the third workshop, participants first heard about 
the European perspective on RWE, and then heard from three directors at 
FDA about the use of RWE for making regulatory decisions on biologics, 
drugs, and devices. 

European Perspective

The field of RWE is active in Europe in several areas, said Alasdair 
Breckenridge, emeritus professor of clinical pharmacology at the Univer-
sity of Liverpool. Activity is still mainly in the traditional area of safety, 
but increasingly in dosing, drug–drug interactions, sequence of therapies, 
expansion to subpopulations, and new indications. A particularly interest-
ing new use, he said, is in applying RWE-generation techniques to the data 
collected to meet postmarketing requirements in order to suggest new indi-
cations. Breckenridge told workshop participants about RWE work being 
done by three European bodies.

The UK Academy of Medical Sciences has held two workshops on the 
topics of RWD and RWE, he said. The first workshop was held in Septem-
ber 2015, and aimed to explore the acceptability of RWE in regulatory and 
health technology assessment decision making, to address the challenges, 
and to suggest practical steps to address them. The workshop brought 
together a number of stakeholders, including the European Medicines 
Agency (EMA), FDA, NICE, and the regulated industry. This workshop 
reached the conclusion, said Breckenridge, that the role of RWE in regula-
tory decision making remains to be defined. While RWE is being used, there 
is a need for better definitions and standards, he said. The second workshop 
was held in early 2018, and participants at the workshop concluded that 
compared with the United States, progress in Europe on RWE was limited 
and many of the challenges identified in 2015 remained unresolved. The 
workshop also explored definitions, and defined RWD as a “subset of big 
data relating to patient health status, delivery of routine health care, col-
lected from a variety of sources [including] electronic health records, claims, 
product and disease registries, and social media.” RWE, said Breckenridge, 
was considered to be evidence drawn from RWD through the application 
of research methods. The workshop participants suggested there should 
be a way to define “regulatory-grade RWE.” Regulatory-grade RWE, said 
Breckenridge, would meet five criteria: 

1. Define the scientific question to be answered.
2. Identify study design.
3. Be specific in terms of the RWD used.
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4. Be rigorous in data standards and analytic methods.
5. Comply with regulatory standards.

EMA, said Breckenridge, is very active in the pharmacovigilance field, 
routinely using RWD for safety monitoring. The EudraVigilance system, 
operated by EMA, received 1 million safety reports in 2016, of which 2,000 
signals were detected and 48 were validated. Breckenridge discussed EMA’s 
involvement in two efficacy studies: the Salford Lung Studies (discussed 
in detail in Chapter 3) and the Phase II single-arm study on Zalmoxis, 
an immunotherapy for high-risk hematological malignancies, which used 
historical controls from a transplantation registry. Breckenridge noted that 
EMA gave conditional marketing authorization for this product, but asked 
for postauthorization efficacy and safety studies. EMA’s biggest contribu-
tion, said Breckenridge, has been its work on the Medicines Adaptive Path-
ways to Patients (MAPPs, previously known as Adaptive Licensing). The 
MAPP program is a prospectively planned, adaptive approach to give early 
access to important new medicines for patients with unmet needs, with 
lower premarket evidence requirements. The program shifts the burden of 
evidence from the pre- to postmarket space, and emphasizes postauthoriza-
tion efficacy and safety studies. MAPP uses the existing European Union 
legal framework, he said, and requires the ongoing involvement of the 
company, regulators, health technology assessment experts, payers, and 
patients. As of July 2016, there were 18 accepted pilot projects, all of which 
included plans for the use of RWD that went beyond the traditional use of 
registries for pharmacovigilance. Breckenridge noted, however, that most 
of these projects were “vague in terms of the purpose of collecting RWD 
to supplement RCTs.” 

IMI (discussed earlier in this chapter by Jonsson) is a public– private 
consortium launched in 2008, which has a budget of approximately 3 billion 
euros and currently supports 50 projects, said Breckenridge. He briefly out-
lined three IMI-sponsored projects of interest, in addition to IMI’s  GetReal 
project, presented by Jonsson earlier in this chapter. IMI  PROTECT (Phar-
macoepidemiological Research Outcomes of Therapeutics by European Con-
sortium) is a project designed to strengthen the “monitoring of benefit/risk” 
of treatments in Europe, with the involvement of patients and the public. 
The project addressed the limitations of the current methods for monitoring, 
and an evaluation of the project found that it had met its objectives in terms 
of signal detection and evaluation, and the use of routine pharmacovigilance. 
IMI ADAPT SMART is a project to facilitate and accelerate the availability 
of MAPP’s related activities. It was established in 2017 for a 2-year period 
to develop next-generation vaccines and medicines, to tackle Europe’s grow-
ing health care challenges, and to ensure future competitiveness of Europe’s 
pharmaceutical industry, he said. Finally, IMI WEB RADR (Recognising 
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Adverse Drug Reactions) is a project that developed a mobile application 
for patients and health care professionals to report suspected adverse events. 
Reports received from the application are compared to reports received via 
established reporting schemes in order to evaluate whether the application 
is an effective way to collect this information. 

U.S. Food and Drug Administration: Drugs 

FDA is “taking our obligations very seriously under 21st Century 
Cures,” said Jacqueline Corrigan-Curay, director of the Office of Medical 
Policy at FDA’s Center for Drug Evaluation and Research (CDER). This 
is not just because it is a requirement, she said, but “because we do want 
to make sure we are doing everything we can be doing to bring things 
efficiently to the market” while keeping strong evidence standards. RWD 
has been used a number of times as part of the premarket evaluation of 
drugs for rare diseases, said Corrigan-Curay, including examples of non-
randomized, unblinded trials against historical controls (see Figure 10-6). 

FIGURE 10-6 Use of real-world data in the evaluation of drugs for rare diseases. 
NOTES: Bolded text = examples using real-world evidence. 5 FU = 5- fluorouracil; EU = 
European Union; GEP-NET = gastroenteropancreatic neuroendocrine   tumor; HIT = 
heparin-induced thrombocytopenia; MTX = methotrexate; NAGS =  N-acetylglutamate 
synthetase; NIH = National Institutes of Health; US = United States. 
SOURCES: Corrigan-Curay presentation, July 18, 2018; * data from Gökbuget et 
al., 2016.

Drug Indication Status   Data  

  

  

Treatment of Pompe 
disease 

Approved 
2004 

 Open-label, non-randomized study of 18 patients 
compared to historical control group of 62 untreated 
patients 

Treatment of NAGS 
deficiency 

Approved 
2010 

 Retrospective, non-random, un-blinded case series of 23 
patients compared to historical control group 

  
Anti-coagulation in 
heparin-induced 
thrombocytopenia 

Approved 
1998 

 Two non-randomized, open-label multicenter trials using 
historical control comparator group from HIT Registry 

NOT EXHAUSTIVE 

 
Voraxaze  
(glucarpidase) 

Treatment of MTX 
toxicity 

Approved 
2012 

 Approval based on open-label, NIH compassionate Use 
Protocol 

 Uridine 
Triacetate 

Treatment of 5 FU 
overdose 

Approved 
2015 

 Two single-arm, open label expanded access trial of 135 
patients compared to case history control 

 Blincynto 
(Blinatumomab) 

Treatment of Acute 
Lymphoblastic 
Leukemia  

Approved 
2014 

 Single arm trial  
 Reference for effect weighted analysis of patient level 

data on chart review of 694 patients at EU and US study 
sites* 

 Open label clinical trial   
 Analysis of 360 patients in an investigator sponsored, 

expanded access protocol of 1214 patients* 

Lutathera 
(lutetium 177 

dotate) 

GEP-NET
Gastropanc.
Neuroendo tumors 

Approved 
2017 
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RWD has also been used in the postmarket space for some limited indica-
tion expansions; for example, in 2017, FDA expanded the indications for 
Kalydeco to include 23 new mutations in cystic fibrosis based on clinical 
and in vitro data. After approval, FDA asked for postmarketing observa-
tional study using the cystic fibrosis registry, she said. 

In 2013, FDA released guidance on the best practices for conducting 
and reporting pharmacoepidemiologic safety studies using EHR data.2 
These practices can likely inform best practices in other areas of RWD 
analysis and RWE use, said Corrigan-Curay. For example, one goal of this 
guidance is to ensure that patients whose electronic health care data have 
been used in an outcomes analysis have actually experienced the event; it 
suggests practical steps such as ensuring that the code or algorithm has 
either been validated previously or that its predictive value was calculated, 
and describing the sensitivity of the outcome. 

Claims data are a common source of RWD. Corrigan-Curay noted that 
even though use of claims data in RWE applications is well understood, 
systemic changes such as the switch from the International Statistical Clas-
sification of Diseases and Related Health Problems, Ninth Revision (ICD-9) 
to ICD-10 will create challenges for RWD-based research. ICD-10 contains 
70,000 diagnoses, compared with 14,000 in ICD-9, and this transition has 
created some issues, she said. For example, a surveillance of hospitalizations 
with a diagnosis of opioid use disorder saw an uptick of about 14 percent 
when the transition happened; other systems observed a decrease in the 
likelihood of correctly reporting confounding comorbidities with the new 
system. In addition, published studies using different claims data sources 
are sometimes in conflict. Corrigan-Curay emphasized that the point was 
not to decide which study was correct, but rather to understand the reasons 
for differential results. These challenges will need to be dealt with so that 
data sources are valid and reliable. 

To begin answering some of the questions on how to work with RWD 
for regulatory purposes, Corrigan-Curay discussed several demonstration 
projects that are being supported by FDA. One example was the One-
Source3 checklist project, which supports data collection in a way that 
will meet the needs of both researchers and practicing clinicians. Corrigan-
Curay also mentioned the promise of data networks like Sentinel or the 
National Patient-Centered Clinical Research Network, and the potential of 
also using observational data networks in the future.

2  See https://www.fda.gov/downloads/drugs/guidances/ucm243537.pdf (accessed January 4, 
2019).

3  See https://www.fda.gov/ScienceResearch/SpecialTopics/RegulatoryScience/ucm574079.
htm (accessed January 4, 2019).
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There is a wide spectrum of potential uses of RWE in clinical studies, 
said Corrigan-Curay. However, she emphasized a need to be thoughtful 
about adopting new methodologies and data sources because “as we adapt 
the tools and methods of traditional trials to real-world settings, we must 
consider the components of such trials that are critical to obtaining valid 
results and minimizing bias” (Sherman et al., 2016, p. 2294). Corrigan-
Curay emphasized a need to build confidence and experience in using new 
data streams, new technologies, and new analytic methodologies for RWE, 
as well as building expertise and commitments from multiple stakeholders 
to realize the potential of RWE. Corrigan-Curay outlined the potential 
future of RWE, which could include

• Research fully embedded in care settings (no data are wasted); 
• Integrated/connected systems throughout the entire health care 

continuum with feedback loops; 
• Seamless and integrated auditing and quality control mechanisms; 
• Flexible and linkable on-demand data aggregation from databases/

registries; 
• All stakeholders engaged, including potentially increased patient 

engagement with mobile technologies or data capture;
• Secured and traceable access and management of data (block-

chain); and/or 
• RWE continuously used to support decision-making processes. 

U.S. Food and Drug Administration: Biologics

The 21st Century Cures Act is a main driver of the RWD and RWE 
initiatives at FDA, said Steven Anderson, director of the Office of Bio-
statistics and Epidemiology at Center for Biologics Evaluation and Research 
(CBER). CBER, which regulates vaccines, blood and blood products, tissue 
and tissue products, and cellular and gene therapy products, has undertaken 
several RWE initiatives in recent years, he said. 

CBER uses a number of population-based data systems to conduct 
RWE safety and effectiveness studies, including a system being developed 
specifically for CBER called the Biologics Effectiveness and Safety (BEST) 
program. BEST is part of the Sentinel initiative, and was launched in 
September 2017. One goal of BEST, said Anderson, is to build data infra-
structure and tools and develop expertise to conduct queries and studies of 
biologic products. The second goal is to automate adverse event reporting 
by using methods such as machine learning and natural language process-
ing in order to mine adverse events related to biologics from EHRs and 
automatically submit them to FDA. The BEST program, said Anderson, 
will help CBER to better meet its regulatory needs by building “better, 
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faster, cheaper systems” to generate evidence about safety and effective-
ness of biologic products. CBER also uses the Sentinel system (described in 
Chapter 3) to generate evidence on biologics; CBER has conducted dozens 
of safety assessments and more than 100 “rapid queries” to address safety 
questions, as well as a pilot study on vaccine effectiveness. Anderson gave 
two examples of RWE studies on safety of biologic products being success-
fully used for label changes or regulatory action. The first was a study on 
immune globulins and thrombotic events, and used data from the Centers 
for Medicare & Medicaid Services (CMS) database (Daniel et al., 2012). 
The second, discussed in Chapter 3, was a Sentinel study on rotavirus vac-
cines and intussusception. 

Anderson highlighted CBER’s use of RWE for real-time analysis. CBER 
uses the CMS claims data system to conduct near-real-time analysis of the 
annual flu vaccine and related adverse events such as Guillain-Barre syn-
drome, he said. One specific study that was performed in 2017–2018 was 
a rapid response effectiveness study of cell versus egg-based influenza vac-
cines. Using CMS data, FDA and CMS examined about 13 million vaccine 
doses, and found that cell-cultured vaccines were slightly more effective. 
These types of studies, said Anderson, can provide near-real-time informa-
tion (within 4 to 6 weeks) to inform regulatory decisions concerning current 
and future influenza vaccines. 

In addition to these activities, CBER is considering ways to collect 
patient input and information on patient preferences, said Anderson. In 
March 2018, the agency began soliciting proposals to collect patient input 
in five disease areas: sickle cell anemia, brittle diabetes, hemophilia, rheuma-
toid arthritis, and retinal dystrophy. CBER is also working with the  Sentinel 
staff to develop a mobile app to collect patient input, said Anderson.

There are several challenges in using RWD for regulatory decision mak-
ing, said Anderson, including bias, quality of data, missing data, and how 
well a patient’s exposure and outcome can be captured. In addition, there 
are challenges in linking different forms of data, such as data from EHRs 
and registries. 

U.S. Food and Drug Administration: Devices

FDA’s Center for Devices and Radiological Health (CDRH) has been 
on “an 8-plus-year journey in our use of RWE,” said CDRH Director Jeff 
Shuren. He discussed three major CDRH efforts regarding RWE. 

First, in 2010, the Medical Device Epidemiology Network (MDEpiNet) 
was established with other stakeholders from government, industry, and 
academia. Since its inception, MDEpiNet partners have published more 
than 190 studies, said Shuren. MDEpiNet has developed registries, includ-
ing coordinated registry networks. These networks, he said, address the fact 
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that some individual registries may not contain fit-for-purpose data, but 
when a registry is combined with other RWD sources (e.g., claims data), it 
may be fit for purpose. MDEpiNet has also worked to develop active sur-
veillance methodologies, conducted studies exploring the utility of claims 
and EHR data, and worked on evidence synthesis through in silico model-
ing and other approaches. Several dozen projects are in the  MDEpiNet 
pipeline, Shuren said, including developing tools to move clinical data from 
EHRs into the Women’s Health Coordinated Registry Network4; imple-
menting the Delta System for active surveillance in the transcatheter valve 
therapy registry and the cardioverter–defibrillator registry; and testing the 
capabilities of state-based claims. 

In 2012, CDRH developed a strategy for a national system to address 
the limitations in the use of RWD, and to facilitate the systematic genera-
tion of RWE by a broad range of public and private entities. This effort, 
said Shuren, is called the National Evaluation System for health Technolo-
gies (NEST).5 NEST will soon begin a series of demonstration projects with 
11 data partners, with the purpose of test driving the systems’ capabilities 
for addressing important device questions. At the time of the workshop, the 
NEST partners include approximately 150 hospitals and more than 3,000 
outpatient clinics, which provide access to more than 469 million patient 
records. NEST has also established committees on methodology and data 
quality to develop standards and best practices. 

CDRH’s third effort in the RWE space, said Shuren, is its involvement 
in the International Medical Device Regulators Forum (IMDRF). IMDRF 
released a series of three principle documents that focused on the infra-
structure, methods, and tools for assessing the usability of registries for 
regulatory decision making. There is currently a study under way that aims 
to test these principles through research on devices for ruptured abdominal-
aortic aneurysms. 

CDRH has been accepting and leveraging RWE as valid scientific evi-
dence in support of both pre- and postmarket regulatory decisions for many 
years, said Shuren. Since 2015, there have been at least 50 regulatory deci-
sions for which CDRH relied on RWE, he noted, including decisions about 
expanded labeling and new device approval. In 2017, CDRH released final 
guidance on the use of RWE in regulatory decisions to provide greater clar-
ity about when RWE is “regulatory grade.” The guidance pointed to two 
critical considerations in the evaluation of RWE: relevance and reliability. 

Shuren gave an example of how RWE can be used in an iterative 
manner in the postmarket space. In 2011, FDA approved first-generation 

4  For more information about the Women’s Health Coordinated Registry Network, see 
mdepinet.org/womens-health-crn (accessed November 2, 2018). 

5  See https://nestcc.org/demo-announcement (accessed January 4, 2019). 
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transcatheter aortic valve replacement (TAVR), being the 42nd country to 
do so, and worked with the American College of Cardiology, the Society 
of Thoracic Surgeons, and CMS to establish a registry. At the same time, 
CMS issued a national coverage determination that approved coverage 
for the FDA-approved indication for TAVR, with the requirement that 
data be entered into the registry. The coverage determination also stated 
that if FDA expanded the indication for TAVR, coverage would auto-
matically be expanded. In 2017, FDA approved third-generation TAVR 
for intermediate-risk patients 19 days after the European Union granted 
a CE (European conformity) mark for a similar device, said Shuren, and 
approved it for mitral valve-in-valve indication—the first country to do 
so. This represents a “really dramatic change,” he said, in FDA’s ability to 
obtain data to answer questions that were not previously addressable, and 
to do so more quickly and at a lower cost. CDRH conducted a return-on-
investment analysis for decisions like this that leverage a registry, and found 
that it cost approximately $25 million for 20 studies to support 22 FDA 
decisions, compared with $127 to $134 million to conduct these studies 
if there had been no registry. This cost savings, he said, does not consider 
that a quicker time to market results in lives saved and improved quality of 
life for patients, as well as additional economic benefits to the companies. 

The use of RWE for making regulatory decisions about devices is not 
a thing that is “nice to have,” it is a “need to have,” said Shuren. RCTs 
have inherent limitations that restrict their utility, particularly for devices. 
For example, when devices are used in the real world, there is a learning 
curve for providers who are implanting the device. This information cannot 
be generated from RCTs, he said. In addition, RWE can inform subgroup 
analysis on race, gender, and other patient characteristics. RWE is necessary 
for assessing these types of technologies in the real world, particularly when 
they are used in a broad range of patients and providers. 

CDRH has long been trying to apply a total product life cycle approach 
for devices, said Shuren, rather than making an artificial divide into pre- 
and postmarket spaces. However, CDRH is not optimally structured orga-
nizationally to do this, so there is a reorganization under way. Part of the 
reorganization will involve the creation of a new Office of Clinical Evidence 
and Analysis that brings together experts on clinical trials, epidemiology, 
RWE, biostatistics, and surveillance. The reason for this, said Shuren, is that 
ultimately, the source of the clinical data is irrelevant; the true key attributes 
instead are whether the data are relevant and reliable. 

Shuren concluded with three “lessons learned” for workshop partici-
pants to carry forward into their work with RWE: 

• “Don’t let the perfect be the enemy of the good”: A single RWD 
source may not always be perfectly fit for purpose, but it can be 
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incredibly useful when linked with other RWD sources. Other 
approaches include validating an RWD source by comparing the 
results generated from it with a previously conducted RCT, or to 
conduct separate analyses with separate RWD sources to “trian-
gulate” results; if the results match then confidence in the result is 
much greater. 

• Consider how data are collected: Clinical research needs to be 
incorporated into the workflow of routine clinical practice in a 
systematic way that ensures consistent, high-quality data.

• Do not underestimate the value of good data scientists: Evidence 
generation requires expertise and appropriate methodology to turn 
good data into good evidence. 

Discussion

After the presentations on the regulatory perspective on RWE, 
 Breckenridge moderated a broad-ranging discussion among the panelists 
and workshop participants. Corrigan-Curay began by noting that there is 
a “chicken and egg” problem with the use of RWE in the regulatory space: 
companies are waiting for FDA to release guidance, and FDA is waiting for 
companies to come forward to inform the guidance. She said that meetings 
and workshops, such as this series, are enormously helpful for identifying 
gaps that need more discussion, as well as areas where FDA may be able to 
move forward. Anderson concurred and noted that one of the biggest gaps 
is in ensuring data quality and reliability. For example, he said, depending 
on the source of the data (e.g., EHRs, claims data), there can be different 
biases introduced and there can be issues with fully and accurately captur-
ing the necessary information. In addition, linking the various sources of 
data remains an enormous challenge. Anderson noted that there needs to 
be a higher standard for evidence used for regulatory decision making. He 
said that companies should engage in conversation with FDA early and 
often in order to improve the likelihood that their studies will produce this 
type of “regulatory-grade evidence.” Shuren broadened this issue slightly, 
noting that evidence should be produced that is fit for purpose, whether 
that purpose is regulatory decision making or some other purpose such as 
clinical decision making. He added that FDA and other regulators do not 
look at RWE in a vacuum, but rather as part of the totality of the evidence 
from a variety of sources. 

Breckenridge asked the panelists how the three Centers within FDA—
CDER, CBER, and CDRH—are working together on the issue of RWE. 
Corrigan-Curay responded that while each Center may have different needs 
for RWE, communication among Centers is essential so that “we are all 
talking about the same thing across the agency,” including harmonizing 
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terminology. Shuren added that while open communication and working 
together are essential, it is sometimes appropriate and even necessary for 
different organizations within FDA to take a different approach to RWE. 
He said one benefit of FDA’s structure is that different parts of FDA can 
experiment with different approaches and the other organizations can learn 
from those experiences and adapt them to their own needs. The panelists 
noted that FDA is also working with EMA and other international regula-
tors on the issue of RWE. 

Gregory Simon asked if FDA will be moving away from solely being a 
“referee” of evidence produced by others to becoming a “starring player” 
by producing evidence, like in the Zostavax vaccine effectiveness study 
presented by Hector Izurieta (see Chapter 9). Corrigan-Curay responded 
that CDER will still primarily be recipients of evidence rather than data 
generators, but will try to work closely with stakeholders bringing evi-
dence to FDA. Anderson noted that these types of studies are costly and 
take years to conduct, and that CBER would likely continue to “be the 
referee rather than [primarily generating] the data.” Shuren responded that 
CDRH both generates data and has built infrastructure and partnerships 
that enable CDRH to use RWE for regulatory decisions. For example, said 
Shuren, there was a clinical trial proposed by a sponsor in order to expand 
the indication for a device. CDRH looked at the existing evidence in the 
registries about the device and found that it was sufficient for expanding 
the indication without further study. This reduced the amount of time 
necessary for the expanded indication, said Shuren, from 1 or 2 years to a 
couple of weeks. 

Mark McClellan closed the discussion by asking each of the panelists 
where they would choose to direct resources to best accelerate effective use 
of RWE. Anderson replied that if additional resources were available, he 
would direct them to hiring new staff to help coordinate communications 
among different levels and organizations at the agency. Corrigan-Curay 
said she would invest in demonstration and validation projects so she 
could better understand the best methods and approaches for turning RWD 
into useful, fit-for-purpose evidence. She added that in particular, there 
is a need for further work to ensure the accuracy and relevancy of data 
from EHRs. Shuren said he would use additional resources to build out 
the active surveillance capabilities of CDRH as well as to adopt universal 
device identifiers. 

FINAL THOUGHTS

The third workshop concluded with McClellan offering some overarch-
ing thoughts on the series of workshops and on the decision aids that had 
been discussed. He noted that the decision aids were “viewed as useful” 
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BOX 10-1 
Key Messages Identified by Individual Speakers

•  Lists of questions, such as those laid out in the decision aids discussed at 
the third workshop, are useful, particularly as a framework to add details for 
specific stakeholders or applications. (McClellan)

•  Clarity and specificity about when real-world evidence (RWE) is appropriate, 
and which data sources and methods are appropriate to address different 
types of questions, is the key to developing a framework for generating relevant 
evidence. (McClellan)

•  There is growing infrastructure for RWE; that, along with tools such as the 
decision aids, can promote systematic and predictable opportunities for its use. 
(McClellan)

•  Delivering better health care is the ultimate goal of using RWE. (Simon)
•  Patients are valuable sources of information about the lived experience of 

a disease and can provide insights into relevant endpoints, outcomes, and 
preferences. (Nowell, Terry)

by workshop participants, and that they captured many key considerations 
that could be included in designing approaches for collecting, evaluating, 
and using RWD and RWE. He noted that while the decision aids were 
basic, they could be used as a framework on which additional details could 
be added for specific stakeholders or applications. Workshop participants 
repeatedly emphasized that how one uses RWD and RWE depends on the 
research question, the clinical context, and the decision to be made (see 
Box 10-1). For example, if it is a regulatory decision for a new product, 
one needs the highest quality evidence available. If it is a regulatory decision 
for a new indication or population, the evidence can be slightly less robust, 
and if it is a decision about policy or insurance coverage, the evidence could 
be even less robust. McClellan said the decision aids could be adapted for 
more specific uses by individual stakeholders who are making these differ-
ent types of decisions, leading to the idea that the value of RWE depends 
on the stakeholder and the specific questions each hopes to answer. 

McClellan noted that, broadly, the goal of decision aids is to build a 
systematic framework for thinking about a particular topic; he highlighted 
the generation of evidence that is fit for purpose as an important part of 
utilizing RWE. The current system of evidence generation, as discussed 
in the first workshop, is expensive, time consuming, and cannot answer 
all of the questions about a product or intervention. Important questions 
could potentially be answered “cheaper and faster” with a systematic, 
validated framework for generating RWE, he said. The key to creating 
this framework will be clarity and specificity about when using RWE is 
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appropriate, and appropriate data sources and methods for different types 
of questions. 

Improving the quality and reliability of data will also be essential for 
moving forward. Simon noted that improving the quality of data will be 
useful not just for research, but also for patient care. He said “the primary 
goal of improving the information that is generated in health care is to 
deliver better health care.” Referring to the phrase “the tail is wagging the 
dog,” Simon said that research is the tail, not the dog: “Actually improving 
people’s health is the dog, and [research] is just the tail that rides along.” 
Improving the data that are generated in the course of real-world care will 
benefit everyone, he said, and several other participants pointed to better 
data as a foundational principle to the increased use of RWD and RWE. 
He noted that many issues that were identified as making data collection 
more difficult are issues that affect our health care system as a whole. For 
example, discontinuities in the health care system and fragmentation of 
care affect both the collection of quality data as well as the care that people 
receive. 

Relatedly, several workshop participants emphasized the importance 
of including patients and the patient perspective when thinking about the 
collection and use of RWE. W. Benjamin Nowell and Sharon Terry noted 
that patients are important sources of information for understanding the 
lived experience of a disease, and can provide insights about appropriate 
and relevant endpoints and outcomes for research. Jennifer Graff suggested 
that the word “patient” be incorporated into the decision aids, because 
while FDA and other stakeholders use evidence to make decisions, so do 
patients and caregivers. 

McClellan closed by saying that tools such as the decision aids are 
“intended to help us move from case by case to more systematic and pre-
dictable opportunities.” He noted that there is growing infrastructure for 
RWE, from Sentinel to registries to NEST, and that FDA and other regula-
tors were open to engaging with RWE and building the systems necessary to 
use RWE for decision making. These efforts, along with workshops such as 
this one, will contribute to the creation of “well-understood, well-curated, 
fit-for-purpose sources of data” that can be collected and used in routine 
practice, as well as the development of analytic methods and tools for turn-
ing RWD into evidence that can be used by a variety of stakeholders for 
making different types of decisions. 
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Workshop One: Incentives

September 19–20, 2017

National Academy of Sciences Building, Lecture Room
2101 Constitution Avenue, NW, Washington, DC 20418

The National Academies of Sciences, Engineering, and Medicine is 
convening a three-part workshop series examining how real-world evi-
dence development and uptake can enhance medical product development 
and evaluation. The workshops will advance discussions and common 
knowledge about complex issues relating to the generation and usage of 
real-world evidence, including fostering development and implementation 
of the science and technology of real-world evidence generation and usage. 

This first workshop will include discussions and background materials 
that address:

• Aligning incentives and addressing barriers to support collection 
and use of real-world evidence in health product review, payment, 
and delivery. 

Workshops two and three will foster discussions that will:
• Illuminate what types of data are appropriate for what specific 

purposes and suggest approaches for data collection that match the 
right data to the right questions. (Q1 2018)

Appendix B
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• Examine and suggest approaches for operationalizing the collection 
and use of real-world evidence. (Q3 2018)

DAY 1: SEPTEMBER 19, 2017

8:00 a.m. Breakfast Available Outside the Lecture Room

8:20 a.m. Welcome and Opening Remarks

 Gregory Simon, Workshop Series Co-Chair
 Investigator
 Kaiser Permanente Washington Health Research Institute 

Keynote Address

8:30 a.m.  Vision and Goals of a Collaborative, Practical, and 
Sustainable Real-World Evidence Program  

 Scott Gottlieb 
 Commissioner
 U.S. Food and Drug Administration 

8:50 a.m. Discussion with Audience 

 Moderator:  Mark McClellan, Duke-Margolis Center for Health Policy

Session I: Seeing Our Destination

Session Objectives:
 • Explore what relevant facts the ultimate end users of 

evidence need to know in order to make informed 
decisions about using medical products.

 • Discuss possible approaches to generating such fit-for-
purpose evidence.

Moderator:  Andy Bindman, University of California, San Francisco
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9:00 a.m.  A Payer Perspective

 Michael Sherman 
 Senior Vice President and Chief Medical Officer
 Harvard Pilgrim Health Care

9:20 a.m.   Delivery System Perspective: Integrated Care Model at 
Kaiser Permanente

 Michael Horberg 
 Executive Director, Research, Community Benefit, and 

 Medicaid Strategy
 Executive Director, Mid-Atlantic Permanente Research 

Institute
 Kaiser Permanente Mid-Atlantic Permanente Medical Group

9:40 a.m.  Delivery System Perspective: Academic Health System

 Daniel Ford 
 Director, Institute for Clinical and Translational Research
 Johns Hopkins University School of Medicine

10:00 a.m.  A Patient-Focused Perspective

 Sharon Terry 
 President and Chief Executive Officer
 Genetic Alliance

10:20 a.m.  Discussion with Audience

 Additional Invited Discussants:
 Joanne Waldstreicher 
 Chief Medical Officer
 Johnson & Johnson

 Eleanor Perfetto 
 Senior Vice President, Strategic Initiatives
 National Health Council

11:10 a.m. BREAK
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11:30 a.m. Key Messages and Themes from the September 13 FDA/
Duke-Margolis Workshop: Generating Fit-for-Purpose 
Evidence

 Mark McClellan, Workshop Series Co-Chair
 Director
 Duke-Margolis Center for Health Policy

11:50 a.m. Discussion with Audience

12:00 p.m.  BREAK (Lunch Available Outside the Lecture Room)

Session II: Learning from Success

Session Objectives:
• Highlight successful completed and ongoing initiatives that could 

potentially be examined for real-world evidence collection and use. 
• Explore the features that led to the success in the given examples 

and how they could apply to future applications:
 o  Conditions likely to make innovation successful; and 
 o  Potential ways to recreate those conditions to make real-world 

evidence use more routine.

Moderator:   Gregory Simon, Kaiser Permanente Washington Health 
Research Institute

1:00 p.m.  Generalizing and Scaling the Salford Lung Studies

 Martin Gibson 
 Chief Executive Officer
 Northwest EHealth

 Marie Kane 
 Chief Operating Officer
 Northwest EHealth

1:30 p.m.  Using Sentinel to Evaluate Effectiveness or Efficacy
 
 Richard Platt 
 Professor and Chair, Department of Population Medicine
 Harvard Medical School
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1:50 p.m.  Applying Lessons Learned from Device Registries to Other 
Treatment Types

 Rachael Fleurence 
 Executive Director
 National Evaluation System for Health Technology (NEST) 

Coordinating Center

2:10 p.m.  Discussion with Audience

 Additional Invited Discussants:
 John Graham 
 Head, Value Evidence and Outcomes
 GlaxoSmithKline

 Rachel Sherman 
 Principal Deputy Commissioner
 U.S. Food and Drug Administration

3:00 p.m. BREAK 

Session III: Getting Unstuck: Aligning Incentives

Session Objectives:
• In a series of presentations, discuss with treatment developers and 

evidence generators:
 o  Incentives maintaining the current data generation process; and 
 o  Disincentives and potential barriers to incorporation of real-

world evidence.

Moderator:   Petra Kaufmann, National Center for Advancing 
Translational Sciences, National Institutes of Health  

3:20 p.m.  Contract Research Organization Perspective

 John Doyle 
 Senior Vice President and Managing Director
 QuintilesIMS
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3:40 p.m. A Product Developer Perspective

 Elliott Levy 
 Senior Vice President, Global Development
 Amgen Inc.

 Brian D. Bradbury
 Executive Director, Center for Observational Research
 Amgen Inc.

4:00 p.m. An Academic Researcher Perspective

 Daniel Ford 
 Director, Institute for Clinical and Translational Research
 Johns Hopkins University School of Medicine

4:20 p.m. Data Stewards: Organizations with Large Data Sources

 Marcus Wilson 
 President
 HealthCore, Inc.

4:40 p.m. Discussion with Audience

 Additional Invited Discussants:
 Michael Horberg 
 Executive Director, Research, Community Benefit, and 

Medicaid Strategy
 Executive Director, Mid-Atlantic Permanente Research 

Institute
 Kaiser Permanente Mid-Atlantic Permanente Medical Group

 Anna McCollister-Slipp
 Chief Advocate for Participatory Research, Scripps 

Translational Science Institute
 Founder, VitalCrowd
 Co-Founder, Galileo Analytics

5:30 p.m. ADJOURN WORKSHOP DAY 1
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DAY 2: SEPTEMBER 20, 2017

8:00 a.m. Breakfast Available Outside the Lecture Room

8:30 a.m. Recap Day 1 and Discussion with Workshop Participants

 Gregory Simon, Workshop Series Co-Chair
 Investigator
 Kaiser Permanente Washington Health Research Institute 

Keynote Address

9:00 a.m.  False Precision and Estimating the Reliability of Effects with 
the Traditional Evidence-Generating Process

 Robert Califf  
 Vice Chancellor, Health Data Science, Duke University
 Scientific Advisor, Verily Life Sciences

Session IV: Getting Unstuck: Myth-Busting

Session Objective: 
• Examine ideas—and misconceptions—about the necessity and 

acceptability of established evidence-generation practices.

Moderator:  Robert Califf, Duke University and Verily Life Sciences

9:30 a.m.  Moving from “One Study at a Time” to “All by All” 
Analyses

 Patrick Ryan
 Senior Director and Head, Epidemiology Analytics
 Janssen Research & Development

9:50 a.m.  A Medical Product Developer Perspective

 John Graham 
 Head, Value Evidence and Outcomes
 GlaxoSmithKline

10:10 a.m. BREAK
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10:30 a.m.  Evolve or Die: The Urgent Need to Streamline Randomized 
Trials

 Rory Collins 
 Head of Nuffield Department of Population Health
 University of Oxford

10:50 a.m.  A Regulatory Perspective

 Janet Woodcock 
 Director
 Center for Drug Evaluation and Research
 U.S. Food and Drug Administration

11:10 a.m.  Discussion with Audience

 Additional Invited Discussant:
 Deven McGraw 
 Deputy Director, Health Information Privacy
 Office for Civil Rights
 U.S. Department of Health and Human Services

12:30 p.m. ADJOURN WORKSHOP DAY 2
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Workshop Two: Practical Approaches

March 6–7, 2018

National Academy of Sciences Building, Room 120
2101 Constitution Avenue, NW, Washington, DC 20418

The National Academies of Sciences, Engineering, and Medicine is 
convening a three-part workshop series examining how real-world evi-
dence development and uptake can enhance medical product development 
and evaluation. The workshops will advance discussions and common 
knowledge about complex issues relating to the generation and usage of 
real-world evidence, including fostering development and implementation 
of the science and technology of real-world evidence generation and usage. 

• Workshop One (September 19–20, 2017) focused on how to align 
incentives to support collection and use of real-world evidence 
in health product review, payment, and delivery. Incentives need 
to address barriers impeding the uptake of real-world evidence, 
including barriers to transparency. 

• Workshop Two (March 6–7, 2018) will illuminate what types of 
data are appropriate for what specific purposes and suggest practi-
cal approaches for data collection and evidence use by developing 
and working through example use cases. 

Appendix C
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• Workshop Three (July 17–18, 2018) will examine and suggest 
approaches for operationalizing the collection and use of real-
world evidence.

DAY 1: MARCH 6, 2018

8:30 a.m. Breakfast Available Outside Room 120

8:40 a.m. Welcome and Opening Remarks

 Gregory Simon, Workshop Series Co-Chair
 Investigator
 Kaiser Permanente Washington Health Research Institute 

Session I: When Can We Rely on Real-World Data?

Session Discussion Questions:
• When can we have confidence in EHR data from real-world prac-

tice to accurately assess study eligibility, key prognostic factors, and 
study outcomes?

• When can we have confidence in data generated outside of clinical 
settings (e.g., mobile phones, connected glucometers, connected 
blood pressure monitors)?

• When does adjudication or other postprocessing of real-world data 
add value?

Moderator: Gregory Daniel, Duke-Margolis Center for Health Policy

 Session Discussants
 Jesse Berlin
 Vice President and Global Head, Epidemiology
 Johnson & Johnson

 Andy Bindman 
 Professor of Medicine
 University of California, San Francisco

9:00 a.m.  Introduction and Background to Inform the Discussion: 
Novel Oral Anticoagulants in Comparison with Warfarin 

 Adrian Hernandez
 Vice Dean for Clinical Research
 Duke University School of Medicine
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9:20 a.m. Open Discussion with Audience
• What questions can characterize the utility of any real-

world data source and signal reliability before a study is 
performed (examples below)?

 o  When is accuracy good enough to reasonably and 
consistently identify the right population?

 o  When is accuracy good enough to reasonably and 
consistently assess the exposure or intervention?

 o  When is accuracy good enough to reasonably and 
consistently assess the right outcome?

 o  Are there any big safety issues that would be missed?
 o  Are there concerns about data collection or entry, 

particularly in relation to creating systemic bias?
 o  When is expert adjudication necessary to confirm 

that the recorded data are reliable and/or reasonably 
complete?

• What information is needed to answer such questions?

10:40 a.m. BREAK (Workgroup Participants Gather to Synthesize 
Audience Feedback)

 
11:00 a.m. Workgroup Presents Synthesis of Audience Feedback

Session II: When Can We Rely on Real-World Treatment? 

Session Discussion Questions:
• When conducting research in a real-world setting, are there situ-

ations that would require special guidance, knowledge, or experi-
ence in order for clinicians to adequately monitor participant safety 
and respond appropriately to adverse events?

• When does variation between comparison groups (socioeconomic, 
demographic, etc.); in treatment fidelity; in provider behavior and 
preferences; or in adherence yield a valid signal about real-world 
effectiveness, and when is it just noise?
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Moderator:  Khaled Sarsour, Genentech 

 Session Discussants
 Michael Horberg 
 Executive Director, Research, Community Benefit, and 

Medicaid Strategy
 Executive Director, Mid-Atlantic Permanente Research 

Institute
 Kaiser Permanente Mid-Atlantic Permanente Medical 

Group

 Gregory Simon
 Investigator
 Kaiser Permanente Washington Health Research Institute

 Robert Temple
 Deputy Director for Clinical Science
 Center for Drug Evaluation and Research
 U.S. Food and Drug Administration

11:15 a.m.  Introduction and Presentation to Inform Discussion on 
Participant Monitoring: Study on Lithium for Suicidal 
Behavior in Mood Disorders

 Ira Katz
 Senior Consultant for Program Evaluation
 U.S. Department of Veterans Affairs Office of Mental 

Health and Suicide Prevention

11:35 a.m.  Open Discussion with Audience
• What conditions make self-monitoring and reporting 

acceptable?
• Does this vary for treatments at different stages of product 

development or with different baseline knowledge about 
use in varied patient types and treatment conditions?

• Can we draw any generalizable lessons about cases in 
which self-monitoring is acceptable and safe?

12:15 p.m.  Introduction and Presentation to Inform Discussion on 
Signal Detection: Novel Oral Anticoagulants in Comparison 
with Warfarin
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12:30 p.m.  Open Discussion with Audience
• What conditions and training prepare clinical care pro-

viders to monitor patient safety outside a tightly con-
trolled environment?

• How does this vary for treatments at different stages of 
product development or with different baseline knowl-
edge about use in varied patient types and treatment 
conditions?

• How do you decide which variables require strict adher-
ence to “protocol” and which can be allowed to vary?

1:00 p.m. BREAK (Lunch Available Outside Room 120)
 (Workgroup participants gather to synthesize audience 

feedback)

2:00 p.m. Workgroup Presents Synthesis of Audience Feedback

Session III: When Can We Learn from Real-World Treatment Assignment

Session Discussion Questions:
• When can we have confidence in inference from cluster-randomized 

or stepped-wedge study designs?
• Under what conditions can we trust inference from observational 

or naturalistic comparisons?
• How could we judge the validity of observational comparisons in 

advance, rather than waiting until we have observed the result?

Moderator:  Richard Platt, Harvard Medical School

 Session Discussants
 Robert Califf
 Vice Chancellor, Health Data Science, Duke University
 Scientific Advisor, Verily Life Sciences

 David Madigan
 Professor of Statistics
 Dean, Faculty of Arts and Sciences
 Columbia University

 David Martin
 Associate Director for Real-World Evidence Analytics
 U.S. Food and Drug Administration
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2:20 p.m.  Introduction and Presentation to Inform the Discussion: 
Health Care Database Analyses of Medical Products for 
Regulatory Decision Making

 Sebastian Schneeweiss
 Professor of Medicine and Epidemiology
 Harvard Medical School
 Brigham & Women’s Hospital
   
2:50 p.m. Open Discussion with Audience

• Random assignment is always preferable, but when is the 
cost (in time, money, infrastructure, patient exposure) 
truly necessary?

• How can we know that the effects from unmeasured 
confounders are not so large that they would change a 
decision based on information from an observational 
study?

• What are some of the conditions under which there is 
more confidence in inference from non-randomized com-
parisons (examples of some conditions below)?

 o  Expectation of large effects
 o  Outcome proximal to treatment
 o  High degree of similarity between comparison groups
 o  Pathway from treatment to outcome is relatively 

clear, and without lots of complexity or reciprocal 
effects

 o  Treatment allocation method is relatively transparent

3:40 p.m. BREAK

4:00 p.m.  Open Discussion with Audience and Reflections from 
Panelists

5:00 p.m.  ADJOURN WORKSHOP DAY 1
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DAY 2: MARCH 7, 2018

8:30 a.m. Breakfast Available Outside Room 120

Session IV: Synthesizing the Use Cases

Session Objectives: 
• Discuss key considerations presented in each session on Day 1
• Consider components of a potential “checklist” for using real-

world evidence 

9:00 a.m.  Welcome and Recap of Day 1

 Mark McClellan, Workshop Series Co-Chair
 Director
 Duke-Margolis Center for Health Policy

 Gregory Simon, Workshop Series Co-Chair
 Investigator
 Kaiser Permanente Washington Health Research Institute 

9:20 a.m. Open Discussion with Audience of Outputs from Day 1 and 
Potential Components to a “Checklist” for Using Real-World 
Evidence 

10:40 a.m.  BREAK

11:00 a.m. Open Discussion with Audience of Outputs from Day 1 and 
Potential Components to a “Checklist” for Using Real-World 
Evidence

12:30 p.m. ADJOURN WORKSHOP DAY 2
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Future Workshop Objectives

WORKSHOP THREE: Examine and suggest approaches for operation-
alizing the collection and use of real-world evidence (July 17–18, 2018, 
Washington, DC)

• Applications for using real-world evidence to supplement tradi-
tional clinical trials, pragmatic/effectiveness trials, or routine clini-
cal application.

• Mechanisms for determining which discrete types of real-world 
evidence could support regulatory decisions.

• Operational challenges and barriers for generating and incorporat-
ing real-world evidence in the context of a learning health system 
and how clinicians can best be involved in the collection and usage/
utilization of real-world evidence.
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Workshop Three: Application

July 17–18, 2018

National Academy of Sciences Building, Lecture Room
2101 Constitution Avenue, NW, Washington, DC 20418

The National Academies of Sciences, Engineering, and Medicine is 
convening a three-part workshop series, sponsored by the U.S. Food and 
Drug Administration, examining how real-world evidence development 
and uptake can enhance medical product development and evaluation. 
The workshops will advance discussions and common knowledge about 
complex issues relating to the generation and usage of real-world evidence, 
including fostering development and implementation of the science and 
technology of real-world evidence generation and usage. 

• Workshop One (September 19–20, 2017) focused on how to align 
incentives to support collection and use of real-world evidence 
in health product review, payment, and delivery. Incentives need 
to address barriers impeding the uptake of real-world evidence, 
including barriers to transparency. 

• Workshop Two (March 6–7, 2018) illuminated what types of data 
are appropriate for what specific purposes and suggested practical 
approaches for data collection and evidence use by developing and 
working through example use cases. 

Appendix D

Workshop Three Agenda
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• Workshop Three (July 17–18, 2018) examined and suggested 
approaches for operationalizing the collection and use of real-world 
evidence through discussing “decision aids” about specific topics 
in study design. The decision aids are question lists developed to 
inform discussion around specific topics addressed at the third 
workshop. These discussions may help inform workshop attend-
ees and other stakeholders about study design choices, including 
potential risks, costs, and reporting/transparency expectations.

DAY 1: JULY 17, 2018

8:00 a.m. Breakfast Available Outside the Lecture Room

8:15 a.m. Welcome and Opening Remarks

 Mark McClellan, Workshop Series Co-Chair
 Director
 Duke-Margolis Center for Health Policy

 Gregory Simon, Workshop Series Co-Chair
 Investigator
 Kaiser Permanente Washington Health Research Institute 

Session I: Key Considerations for Real-World Evidence Application

Session Objectives:
• Examine how some organizations are currently considering tradi-

tional and real-world evidence.
• Discuss factors that may be influencing overall cost and time invest-

ment required by traditional evidence generation.
• Consider when non-traditional data sources may be beneficial to 

assess outcomes.

8:45 a.m. Update on the Innovative Medicines Initiative’s GetReal 
and View from the National Institute for Health and Care 
Excellence, United Kingdom 

 Pall Jonsson 
 Associate Director, Research and Development
 National Institute for Health and Care Excellence 
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9:05 a.m.  Drivers of Expense and Delay 

 Elliott Levy 
 Senior Vice President, Global Development
 Amgen Inc.

9:25 a.m. Patient-Collected and -Owned Data

 Komathi Stem 
 Chief Executive Officer and Founder
 monARC Bionetworks

9:45 a.m.  BREAK

Session II: When Is a Real-World Data Element Fit for Assessment 
of Eligibility, Treatment Exposure, or Outcomes?

Session Objectives:
• Discuss potential bias-introducing steps in evidence generation 

from real-world data.
• Suggest key considerations in the data collection and evidence-

generation processes that influence reliability of real-world data.
• Discuss how a decision aid laying out key questions and consider-

ations might help inform current and future studies.

10:05 a.m.  Introduction: A Proposed Framework for a Decision Aid

 Pall Jonsson, Session Moderator
 Associate Director, Research and Development
 National Institute for Health and Care Excellence 

10:15 a.m.  Looking Back: How Might a Decision Aid Inform a  
Real-World Example?

 Jeff Allen 
 President and Chief Executive Officer
 Friends of Cancer Research
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10:35 a.m. Looking Forward: How Decision Aid Might Apply to 
Future Studies 
Panel Discussion and Audience Q&A

 Aylin Altan 
 Senior Vice President of Research
 OptumLabs

 Robert Ball
 Deputy Director, Office of Surveillance and Epidemiology
 Center for Drug Evaluation and Research
 U.S. Food and Drug Administration

 Luca Foschini 
 Co-Founder and Chief Data Scientist
 Evidation Health

 Brande Yaist 
 Senior Director, Global Patient Outcomes and Real-World 

Evidence
 Eli Lilly and Company

12:00 p.m. BREAK (Lunch Available Outside the Lecture Room)

Session III: Obscuring Intervention Allocation in Trials to 
Generate Real-World Evidence: Why, Who, and When? 

Session Objectives:
• Discuss how variability in knowledge of treatment assignment 

group affects: 
 o Provider and patient adherence and outcomes. 
 o Study cost and reliability.
• Suggest key factors that could affect decisions to obscure interven-

tion allocation.
• Discuss how a decision aid laying out key questions and consider-

ations might help inform current and future studies.
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1:00 p.m.  Introduction: A Proposed Framework for a Decision Aid

 Jonathan Watanabe, Session Moderator
 Associate Professor of Clinical Pharmacy
 National Academy of Medicine Anniversary Fellow in 

Pharmacy
 University of California, San Diego

1:10 p.m.  Looking Back: How Might a Decision Aid Inform a Real-
World Example?

 John Graham
 Head, Value Evidence and Outcomes
 GlaxoSmithKline

 Orly Vardeny 
 Minneapolis Department of Veterans Affairs Center for 

Chronic Disease Outcomes Research
 Associate Professor of Medicine
 University of Minnesota

1:30 p.m.  Looking Forward: How a Decision Aid Might Apply to 
Future Studies

 Panel Discussion and Audience Q&A

 Cathy Critchlow
 Vice President, Center for Observational Research
 Amgen Inc.

 Nancy Dreyer 
 Chief Scientific Officer
 IQVIA

 Alex John London 
 Clara L. West Professor of Ethics and Philosophy
 Carnegie Mellon University

 James P. Smith
 Deputy Director, Division of Metabolism and 

Endocrinology Products
 Center for Drug Evaluation and Research
 U.S. Food and Drug Administration
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2:50 p.m. BREAK

Session IV: How Tightly Should Investigators Attempt to Control or 
Restrict Treatment Quality in a Pragmatic or Real-World Trial?

Session Objectives:
• Discuss how variability in treatment delivery and adherence can 

affect results, including
 o  Potential influence of variation in standard treatment practice, 

and
 o Considerations for balancing participant autonomy and safety. 
• Suggest key factors that could help determine the base comparison 

and level of control suited to a particular trial.
• Discuss how a decision aid laying out key questions and consider-

ations might help inform current and future studies.

3:10 p.m.  Introduction: A Proposed Framework for a Decision Aid

 Jennifer Graff, Session Moderator
 Vice President of Comparative Effectiveness Research
 National Pharmaceutical Council

3:20 p.m.  Looking Back: How Might a Decision Aid Inform a  
Real-World Example?

 Larry Alphs 
 Deputy Chief Medical Officer
 Newron Pharmaceuticals

3:40 p.m. Looking Forward: How a Decision Aid Might Apply to 
Future Studies

 Panel Discussion and Audience Q&A

 Judith Carrithers 
 Director of Regulatory Services
 Advarra

 W. Benjamin Nowell
 Director, Patient-Centered Research
 Global Healthy Living Foundation
 Co–Principal Investigator, ArthritisPower Patient Powered 

Research Network
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 Peter Stein 
 Deputy Director, Office of New Drugs
 Center for Drug Evaluation and Research
 U.S. Food and Drug Administration 

4:50 p.m.  Day 1 Wrap-Up and Concluding Thoughts/Discussion with 
Audience

5:00 p.m. ADJOURN WORKSHOP DAY 1

DAY 2: JULY 18, 2018

8:00 a.m. Welcome 

 Mark McClellan, Workshop Series Co-Chair
 Director
 Duke-Margolis Center for Health Policy

 Gregory Simon, Workshop Series Co-Chair
 Investigator
 Kaiser Permanente Washington Health Research Institute 

Session V: How Can Bias in Observational 
Comparisons Be Assessed and Minimized? 

Session Objectives:
• Discuss methods to assess presence of and optimally reduce bias 

from unmeasured confounding.
• Suggest key considerations for assessing—and communicating—

uncertainty in observational studies.
• Discuss how a decision aid laying out key questions and consider-

ations might help inform current and future studies.

8:10 a.m.  Introduction: A Proposed Framework for a Decision Aid

 David Martin 
 Associate Director for Real-World Evidence Analytics
 U.S. Food and Drug Administration

http://www.nap.edu/25352


Examining the Impact of Real-World Evidence on Medical Product Development: Proceedings of a Workshop ...

Copyright National Academy of Sciences. All rights reserved.

206 IMPACT OF RWE ON MEDICAL PRODUCT DEVELOPMENT

8:20 a.m.  Looking Back: How Might a Decision Aid Inform a  
Real-World Example?

 Hector Izurieta 
 Epidemiologist, Office of Biostatistics and Epidemiology
 Center for Biologics Evaluation and Research
 U.S. Food and Drug Administration

8:40 a.m.  Looking Forward: How a Decision Aid Might Apply to 
Future Studies

 Panel Discussion and Audience Q&A

 Gregory Daniel, Session Moderator 
 Deputy Director
 Duke-Margolis Center for Health Policy

 Jessica Franklin 
 Assistant Professor of Medicine
 Harvard Medical School

 Nicole Gormley 
 Team Lead, Division of Hematologic Products
 Office of Hematology and Oncology Products
 Center for Drug Evaluation and Research
 U.S. Food and Drug Administration

 Javier Jimenez 
 Vice President and Global Head for Real-World Evidence 

and Clinical Outcomes
 Sanofi

 Heng Li 
 Mathematical Statistician
 Center for Devices and Radiological Health
 U.S. Food and Drug Administration

 Mark van der Laan 
 Professor, Biostatistics and Statistics
 University of California, Berkeley

10:00 a.m. BREAK
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Session VI: FDA Panel

Session Objectives:
• Hear updates and perspective of current thinking about real-world 

evidence in Europe.
• Discuss challenges, opportunities, and remaining gaps for moving 

forward with real-world evidence application.

10:15 a.m. A European Perspective

 Alasdair Breckenridge, Session Moderator
 Emeritus Professor of Clinical Pharmacology
 University of Liverpool

10:30 a.m.  Reflections from FDA

 Steven Anderson
 Director, Office of Biostatistics and Epidemiology, Center 

for Biologics Evaluation and Research
 U.S. Food and Drug Administration 

 Jacqueline Corrigan-Curay 
 Director, Office of Medical Policy, Center for Drug 

Evaluation and Research
 U.S. Food and Drug Administration 

 Jeff Shuren 
 Director, Center for Devices and Radiological Health
 U.S. Food and Drug Administration 

11:15 a.m.  Panel Discussion with Audience

11:50 a.m. Synthesis of Workshop Discussions

 Mark McClellan, Workshop Series Co-Chair
 Director
 Duke-Margolis Center for Health Policy

 Gregory Simon, Workshop Series Co-Chair
 Investigator
 Kaiser Permanente Washington Health Research Institute

12:00 p.m. ADJOURN WORKSHOP DAY 2
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