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Decision-makers have become increasingly interested in incorporating real-world evidence (RWE) into
their decision-making process. Due to concerns regarding the reliability and quality of RWE, stakeholders
have issued numerous recommendation documents to assist in setting RWE standards. The fragmented
nature of these documents poses a challenge to researchers and decision-makers looking for guidance on
what is ‘high-quality’ RWE and how it can be used in decision-making. We offer researchers and decision-
makers a structure to organize the landscape of RWE recommendations and identify consensus and gaps
in the current recommendations. To provide researchers with a much needed pathway for generating
RWE, we discuss how decision-makers can move from fragmented recommendations to comprehensive
guidance.
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Background

Health technology assessment (HTA) agencies and regulators, including the National Institute for Health and
Care Excellence (NICE), the US FDA and the European Medicines Agency (EMA) have recently committed to
evaluating opportunities to increase the use of real-world evidence (RWE) in their decision-making processes [1-3].
With the Coronavirus disease 2019 (COVID-19) pandemic, regulators and HTA agencies have an increased sense
of urgency to use RWE, alongside randomized control trials (RCTs), to evaluate the effectiveness of treatment and
vaccines under compressed timelines [4].

Across the healthcare ecosystem, however, there are concerns over wider adoption of RWE in regulatory and
reimbursement decision-making. Critics are concerned that researchers will be disincentivized from conducting
RCTs and healthcare decision-makers could be forced to rely on ‘inferior’ evidence (5. Several high-profile ‘disasters,’
including recent retractions of a COVID-19 RWE study from major journals [6,7], have solidified the concern that
RWE could lead to inaccurate results and poor patient outcomes [8]. Critics also fear that, if allowed to do so,
industry will prefer RWE instead of RCTs because RWE is cheaper. Critics thus propose continued adherence to
the current paradigm of traditional evidence hierarchies, which display RCTs at the pinnacle and non-randomized
studies as inferior [9,10].

The lack of a gold standard in defining and creating decision-quality RWE further contributes to variability in
RWE study quality [11], which in turn casts doubt on the validity of RWE and fuels skepticism. We define decision-
quality RWE as RWE generated from methods that follow epidemiologic and scientific best practices that enables — Future %=
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causal RWE studies; however, a clear roadmap defining scientific thresholds needed to draw causal conclusions from
RWD will set the target and help define standards for decisions that require lower evidence bars. Manufacturers
and researchers may be reluctant to generate RWE for decision-makers without a clear understanding of the
decision-maker’s standards for the design, conduct and reporting of RWE, and whether the RWE will have a role
in decision-making, even if the standards are met. These concerns are at the forefront of the COVID-19 pandemic.
Although the need for RWE standards is irrespective of the pandemic, we think that the pandemic increases the
urgency and impetus for creating standards especially with the anticipated reliance on RWE to study vaccine safety
and long-term effectiveness. While stakeholders agree that RWE scientific rigor is essential, researchers require a
clear path to achieving high-quality RWE that will be accepted by global decision-makers and calm the fears of
critics.

Aiming to improve the quality and reliability of RWE, researchers, professional societies, government agencies
and multi-stakeholder initiatives have issued numerous recommendation documents, white papers, peer-review
publications and position papers to set standards for generating high-quality RWE (i.e., RWE based on principled,
causally interpretable epidemiology) in order to inform regulatory (e.g., approval, indication expansion, confirma-
tion of safety and effectiveness under routine care) and HTA (e.g., reimbursement, performance-based contract)
decisions. Some of these recommendations are broad and overlap; some are more narrowly focused. While many of
these documents were developed to address specific aspects of RWE generation, it is notable that no stakeholder has
released a fully comprehensive document that synthesizes their body of guidance. The fragmented nature of these
documents poses a challenge to both researchers looking for guidance on what is required by each decision-maker
and a decision-making organization aiming to survey and synthesize the available advice to provide concise recom-
mendations to manufacturers and researchers on generating high-quality RWE. Here, we organize and summarize
the current landscape of RWE recommendations for both researchers looking for RWE study design standards to
follow and decision-makers evaluating the completeness of their own RWE guidance. We discuss the current gaps in
recommendations and outline a way to accelerate the move from fragmented recommendations to comprehensive
guidance. Such guidance can provide researchers and manufacturers with a much-needed pathway to generate
high-quality RWE, and a clear understanding of how it will be evaluated; however, we do not expect it to be an
exact recipe for generating RWE. Rather, the guidance should offer guardrails that focus on key RWE study design
elements like concise criteria for determining data quality and fitness-for-purpose, best practices in observational
study design that avoid well-known biases, validated and acceptable analytical methods that mitigate confounding,
and study reporting and transparency that facilitate trust and reproducibility. We postulate that comprehensive
guidance will improve the quality and reliability of RWE and consequently increase trust in the evidence generated.

Current landscape: fragmented RWE recommendations

Identifying RWE recommendation documents, white papers, peer-reviewed publications & position
papers

Our targeted literature review searched documents from North American and European stakeholders, especially
decision-making bodies, that offered recommendations on best practices for RWE generation or use. Typically,
decision-making bodies, like the FDA, publish recommendation documents directly to their websites and not
through the peer review process. Therefore, we completed a targeted gray literature search of key stakeholder
websites as opposed to a systematic review of the peer reviewed literature.

In April 2020, we searched the websites of key regulatory agencies (FDA, EMA, Health Canada), HTA bodies
(NICE, Canadian Agency for Drugs and Technologies in Health (CADTH), Institute for Clinical and Economic
Review (ICER), European Network for Health Technology Assessment (EUnetHTA), Institut fiir Qualitit und
Wirtschaftlichkeit im Gesundheitswesen (IQWiG), Gemeinsamer Bundesausschuss (G-BA), Haute Autorité de
Santé (HAS), Tandvérds-och likemedelsformansverket (TLV), RWE research initiatives (GetReal, ImpactHTA,
Duke-Margolis Health Policy Center), professional organizations (The International Society for Pharmacoeco-
nomics and Outcomes Research [ISPOR]), International Society for Pharmacoepidemiology (ISPE), Health Tech-
nology Assessment International (HTAI), International Network of Agencies for Health Technology Assessment
(INAHTA) and US government organizations (Agency for Health Research and Qualicy [AHRQ)], Patient Cen-
tered Outcomes Research Institute [PCORI]) using the terms ‘real-world evidence,” ‘real-world data,” ‘observational
studies,” ‘comparative effectiveness research,” ‘non-randomized’ and ‘retrospective studies’. Documents published
in English that included recommendations or commentary on how RWE should be generated or used in decision-
making were included. In addition, documents and websites that described research projects with the main goal
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RWE recommendations to comprehensive guidance

Step 1: Grey literature sites searched Step 2: Author
identified
documents

Search terms: ‘real-world evidence,’ ‘real-world data,” ‘observational studies,’
‘comparative effectiveness research,” ‘non-randomized,” and ‘retrospective studies’

Regulators: FDA, HTA bodies: RWE research Professional US government
EMA, HC NICE, CADTH, initiatives: organizations: organizations:
ICER, EunetHTA, GetReal, ISPOR, ISPE, AHRQ, PCORI
IQWIG, G-BA, ImpactHTA, Duke HTAi, TNAHTA
HAS, TLV Margolis

\/

S Step 3: Searched references of

E} identified documents

Step 4: Articles identified, Articles excluded because:
reviewed, and organized based — | Stated intent to use RWE (n = 5)
on objective (n = 58) Focused on pragmatic RCTs (n = 1)

l

Step 5: Articles that included
recommendations and were
analyzed further (n = 41)

Figure 1. Search process for RWE recommendation documents.

AHRQ: Agency for Health Research and Quality; CADTH: Canadian Agency for Drugs and Technologies in Health;
EMA: European Medicines Agency; EUnetHTA: European Network for Health Technology Assessment; G-BA:
Gemeinsamer Bundesausschuss; HAS: Haute Autorité de Santé; HTAi: Health Technology Assessment International;
IQWIG: Institut fir Qualitat und Wirtschaftlichkeit im Gesundheitswesen; ICER: Institute for Clinical and Economic
Review; INAHTA: International Network of Agencies for Health Technology Assessment; ISPE: International Society for
Pharmacoepidemiology; ISPOR: International Society for Pharmacoeconomics and Outcomes Research; NICE: National
Institute for Health and Care Excellence; RCT: Randomised control trial; RWE: Real-world evidence; TLV: Tandvards-och
lakemedelsformansverket.

of informing RWE standards were included. The references of these documents were mined to grow the list of
relevant stakeholders and RWE recommendations. We also identified RWE recommendation documents through
the co-authors” expert collective knowledge (Figure 1).

Developing an organized structure: the building blocks of RWE

One author (A]) read each document identified through the targeted gray literature search (n = 58) to extract
the document’s objective and identify any RWE recommendations. A document was excluded if it only stated an
intent to use RWE or did not address RWD or RWE (n = 6). A qualitative analysis of the document objectives
was done by two authors (A] and SV) for the included 52 documents and common themes were identified. The
themes resembled the typical scientific process from hypothesis generation through study design and execution. In
addition to themes related to the typical scientific process, documents also focused on demonstration projects and
how decision-makers should evaluate the quality of RWE studies. We recognize that the processes of developing
recommendations can vary widely (e.g., may involve numerous stakeholders or include a public comment period);
however, we treated each recommendation document equally when extracting key themes. We arranged the themes
into what we consider seven ‘building blocks.” Collectively, these ‘building blocks create a systematic arrangement
of the RWE recommendations (i.c., an ‘organized structure’) representing what is needed to build high-quality
RWE (Figure 2).

The building blocks center on the theme that high-quality RWE is based on a principled scientific process
including: ‘fit-for-purpose study design’ [12-21] and transparent ‘protocol development’ [22-29] (‘study design’ building
block), determining ‘data quality’ (i.e., general quality of RWD sources [30-34]) and identifying ‘fit-for-purpose’
RWD sources (i.e., data is relevant and reliable for the research question [12,22,30,35-38); ‘data source’ building
block), selecting appropriate ‘analytical methods’ [12,13,39-42] (‘analytic methods’ building block), and enduring
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Building blocks of RWE

Study design
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b. Protocol
development??-2°
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Figure 2.

Demonstration projects?©°-62

Building blocks of RWE.

RWE: Real-world evidence.

‘transparency and reproducibility,” [13,43-45] especially in ‘study report development’ [12,43,46-48] (‘transparency and
reproducibility’ building block). The principled scientific process concludes with a clear understanding of how
decision-makers will evaluate the quality of the RWE study [39,49-52] (‘final report evaluation’ building block).
These core building blocks are supported by both the ‘RWE use cases’ [22,53-59]) and ‘demonstration projects’
building blocks (2,60-62]. The ‘RWE use cases” building block outlines which type of hypotheses are relevant for RWE
studies (e.g., post-marketing safety or indication expansion). When principled scientific processes are followed, the
trust in the validity of the studies can expand the number of RWE use cases. Demonstration projects are often
multi-organization efforts that attempt to address gaps or uncertainties in one or more of the building blocks
(e.g., "what elements are essential in a study report to facilitate replication of the study?"). Once completed, the
demonstration project can inform and shape recommendations within building blocks. Each key published or
publicly available position piece was sorted, based on the objective and recommendations, into the corresponding

building block(s).

Summarizing recommendations & identifying gaps

Documents that included recommendations (n = 41) were analyzed further. We focused on recommendations in
the ‘study design,” ‘data sources,” ‘analytic methods,” ‘transparency and reproducibility’ and ‘final report evaluation’
building blocks. Documents in ‘RWE use cases’ outline potential uses of RWE but did not offer recommendations
on when RWE should or should not be used within a use case (e.g., coverage decision). By definition, documents
in ‘demonstration projects do not offer recommendations, instead the documents describe projects that will help
inform and shape recommendations in the future.

Two authors (A] and SV) independently extracted the RWE recommendations. Discrepancies were discussed
and resolved with the help of a third author (NG), if needed. Recommendations were categorized based on the
building block that it addressed and a summary of the recommendations were developed (see the Supplementary
document). Some documents included recommendations for multiple building blocks and were included accord-
ingly. For example, Health Canada and CADTH’s ‘Elements of Real World Data/Evidence Quality throughout
the Prescription Drug Product Life Cycle’ included recommendations on study protocol development and fit-for-
purpose data [22]. Noting agreement between stakeholders, recommendations were summarized by building block
(Table 1). To identify areas that may need further development, we then compared the existing recommendations
to the building block components we believe are necessary for comprehensive guidance (Table 2). We propose that
comprehensive guidance should include three pillars. First a clearly articulated, ideally consensus-based, minimally
sufficient justification or explanation of the components of each building block. Second, a step-by-step process that
researchers can follow to meet decision-maker expectations. Last, a decision tool or checklist to allow researchers
to cross-check the inclusion of all necessary criteria and justify their study design choices to decision-makers.
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RWE recommendations to comprehensive guidance

Table 2. Comparison of components of comprehensive guidance with current real-world evidence recommendations.
Ref.

Building block Proposed
components of
comprehensive
guidance

Study design: Minimally sufficient

fit-for-purpose
design and protocol
development

justification/
explanation

Step-by-step
process

Tool/checklist to aid
researchers

Data source: Data
quality

Minimally sufficient
justification/
explanation

Step-by-step
process

Tool/checklist to aid
researchers

Details of proposed components

A high-level, but clearly articulated, ideally consensus-based
framework for determining when RWE studies, including ECAs, are
likely to produce valid evidence for decision-making

Criteria for determining situations in which RWE studies are
necessary, justified and can provide valid evidence for
decision-making if principled database epidemiology is applied
(i.e., assessing the appropriateness of RWE). For example, should
RWE only be used when RCTs are not ethical? Can ECAs be used to
increase power in RCTs or should ECAs only be used with
single-arm studies?

Step-by-step process for designing RWE studies with a focus on
feasibility and setting and meeting minimum criteria necessary for
a valid study

Step-by-step process for making study design choices to mitigate
major sources of bias in RWE studies (e.g., confounding, selection
bias). This process should note the pros and cons of each approach,
outline steps to decide which approach is best, and define
minimum criteria as necessary

To facilitate transparency, a tool/checklist to assist researchers
through the process of selecting the best RWE study design and
record/justify all decisions, including how each choice met
minimum criteria necessary for a valid study

Tool/checklist to document all final study design decisions and
outline the statistical analysis plan in a formal study protocol

Clearly articulated and ideally consensus-base definition of a
quality RWD source and the components necessary to determine
quality. Do components change based on the therapeutic area?
How should patient-relevant and patient-reported outcomes be
incorporated into RWD sources? Are there recommendations to
data stewards for uniformity in RWD capture?

A list of appropriate datasets that meet quality criteria and that
could be used for regulatory and HTA questions per country or
region

Minimum criteria necessary for a real-world dataset to be
determined high-quality.

A step-by-step process to evaluate overall RWD quality

Tool/checklist to communicate and facilitate transparency in the
evaluation

Do existing recommendations provide
sufficient guidance?

Partial; EMA and FDA have issued
guidance on high-level criteria for a
persuasive ECA, but other study design
considerations are missing guidance

No; RCT DUPLICATE is exploring the
validity of RWE in specific use cases, but
guidance on acceptable situations for
RWE is necessary from decision-makers

[23,24]

[56]

No; A number of groups have outlined
basic considerations for components of
study design (e.g., how to mitigate
confounding), but details on how to
select the correct methods, and apply
and validate the methods used, are
absent

Partial; Gatto et al. provides a template [28]
to document study design decisions, but
it is unclear if this template is accepted

by decision-makers

Partial; multiple tools exist and there is
high-level agreement between
recommendations, however, it is unclear
which tool is most appropriate and
preferred by decision-makers

No

Partial; EMA has evaluated European [37,40]
RWD sources for regulatory

decision-making while CanREValue has

evaluated Canadian cancer RWD

sources for HTA decision-making

No

No

Partial; REQUEST tool offers
considerations for registries but does
not offer guidance on how to
determine if the considerations are met.
The EMA has created an algorithm to
evaluate the completeness of datasets,
but this is only one component of
quality and the EMA does not offer
score thresholds for what is considered
complete and relevant for
decision-making

[37,41]

ECA: External control arm; EHR: Electronic health record; HTA: Health technology assessment; ISPOR: International Society for Pharmacoeconomics and Outcomes Research; RCT:

Randomized control trial; RWD: Real-world data;
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Table 2. Comparison of components of comprehensive guidance with current real-world evidence recommendations

(cont.).

Building block

Data source:
Fit-for-purpose data

Fit-for-purpose
analytic methods

Transparency &
Reproducibility

Proposed
components of
comprehensive
guidance

Minimally sufficient
justification/
explanation

Step-by-step
process

Tool/checklist to aid
researchers

Minimally sufficient
justification/
explanation

Step-by-step
process

Tool/checklist to aid
researchers

Minimally sufficient
justification/
explanation

Step-by-step
process

Tool/checklist to aid
researchers

Details of proposed components

Clearly articulated and ideally consensus-base definition of a
fit-for-purpose RWD set that allows the researcher to make
inferences in regard to the research question

Minimum criteria necessary for a dataset to be determined
fit-for-purpose. Including:

o Criteria to meet data relevancy and data reliability components
specified in the study design

o Criteria for ensuring the generalizability of the RWD to current
clinical practice

o Criteria for the applicability of international RWD for
decision-making. When is using international data acceptable vs
not, and what are the best practices for using international
datasets?

Step-by-step process on how to evaluate data relevancy and data
reliability (major components of the Duke-Margolis definition)

Tool/checklist for researchers to document the process of justifying
and selecting a fit-for-purpose dataset

Clear description and potentially examples of what statistical
methods could be appropriate to minimize the risk of bias for
different types of research questions and study designs

Recommendations and thresholds for determining when
controlling for confounding has been sufficient (e.g., what level of
balance is needed between treatment groups?)

An outline of the pros and cons of each method to control for
confounding (including residual confounding) and a step-by-step
guide on how to select and apply the appropriate methods

Tool/checklist for researchers to document the process of justifying
and selecting analytic method(s)

Decision-makers set clear expectations for researchers on what
defines transparency in RWE studies including:

o best practices in engaging with decision makers and other
stakeholders in the planning and execution of RWE studies,
including the timing of the engagement

 best practices in allowing decision makers to have access to
patient-level data to pressure test assumptions and validity of
results

o best practices in protocol pre-registration

Minimum criteria necessary in the study report to facilitate
complete understanding of how results were achieved and if
necessary, to replicate the study

Step-by-step process for facilitating transparency from study
design through final report evaluation including a study protocol
registration process

Tool/checklist for researchers to ensure they are following the
step-by-step process and have met all study transparency
requirements

Do existing recommendations provide Ref.

sufficient guidance?

Partial; While there is slight
disagreement between
recommendations, Duke-Margolis's
definition is most inclusive. However, it
is unclear if global decision-makers
agree and adopt the Duke-Margolis
recommendations

[42]

No

Partial; Duke-Margolis recommends a [43]
minimum set of verification checks but
does not provide thresholds to

determine if the check was met

No

Partial; NICE developed an algorithm to [46]
help select methods, but it is unclear if
other decision makers agree with the

recommendations

No

Partial; Multiple authors have outlined
pros and cons of methods

No

Partial; Wang et al. lay out a framework [51]
for understanding the minimum

necessary information needed in a

study report methods section sufficient

for replication of a study

No; ISPOR Transparency Initiative is [52]
currently working toward a culture of
transparency starting with protocol

registration, but it has not yet issued

process recommendations yet

Partial; Wang et al. lay out a framework [51]
of the minimum necessary information

needed for study replication. While
comprehensive, it only focuses on the

study report and regulators and HTA
organizations have not commented on

whether these study method details are
recommended/ required for their
decision-making

ECA: External control arm; EHR: Electronic health record; HTA: Health technology assessment; ISPOR: International Society for Pharmacoeconomics and Outcomes Research; RCT:

Randomized control trial; RWD: Real-world data;
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Table 2. Comparison of components of comprehensive guidance with current real-world evidence recommendations

(cont.).

Building block Proposed Details of proposed components Do existing recommendations provide Ref.
components of sufficient guidance?
comprehensive
guidance
Final report Minimally sufficient Clearly articulated and ideally consensus-base definition of a No; Multiple tools exist to evaluate
evaluation justification/ high-quality RWE study quality, thus defining it by proxy, but
explanation there is a lack of agreement between

tools on what components are necessary

Minimum criteria for a high-quality RWE study No
Step-by-step Step-by-step process for how decision-makers will evaluate the No
process components of the study and determine overall quality

Tool/checklist to aid Tool/checklist for decision-makers to communicate study quality to No; Multiple tools exist for

decision-makers external stakeholders decision-makers to evaluate quality, but
no gold standard tool is endorsed by
HTAs or regulators

ECA: External control arm; EHR: Electronic health record; HTA: Health technology assessment; ISPOR: International Society for Pharmacoeconomics and Outcomes Research; RCT:
Randomized control trial; RWD: Real-world data;

Here, we provide two examples — within separate building blocks — to illustrate the fragmented nature of the
current guidance documents, the gaps in existing recommendations documents and development is needed within
the building block in order to progress to comprehensive guidance.

Example 1: A spotlight on fit-for-purpose design (study design, fit-for-purpose design’ building block) & use of external
control arms

Single-arm trials have become more prevalent in regulatory and HTA submissions [63], especially for conditions
with high unmet need in which RCTs are not feasible. There is pressure on regulatory and HTA bodies to determine
how to best use single-arm trial evidence, which is sometimes supplemented with external control arms (ECAs)
from real-world data (RWD), in their decision-making. To date, three stakeholders have been active in developing
recommendations for the use of ECAs, which is one type of RWE study design, (Figure 2, ‘study design’ building
block); two regulatory bodies, the FDA and EMA and one multi-stakeholder collaboration, the US’s Friends of
Cancer Research (FOCR).

Embedded in the FDA and EMA published recommendations on choosing an appropriate control group for any
study, not specifically RWE studies, both agencies describe the conditions necessary for a persuasive ECA (Table 1);
both agree that ECAs may be useful when there exists a well-defined natural history, objective end point(s), patient
group comparability, sufficient covariate measurement and a large effect size [15,16]. The ECA study supporting
blinatumomab (Blincyto) for treatment of adults with Philadelphia chromosome negative relapsed or refractory
B-precursor acute lymphoblastic leukemia met these criteria and the FDA and EMA included the ECA as part of
the body of evidence used in their approvals [64,65].

Building upon the FDA and EMA’s recommendations, FOCR convened a multi-stakeholder consortium to
address potential for bias in the control arm, a key challenge in developing valid ECA studies, and subsequently
published a white paper identifying potential biases that may arise with ECAs and outlining study design methods
to mitigate these biases (Table 1 [17]). One of these methods, the use of a directed acyclic diagram (DAG) to identify
key baseline prognostic factors that should be included as confounders in the design and analysis of the ECA, was
echoed by both ISPOR (18] and Gatto ez 4/. [20] in their recommendations on designing RWE studies (not just ECAs)
to understand the potential effects of confounding (Table 1). While the FDA, EMA and FOCR recommendations
are a starting point for ECA study design, more direction from decision-makers is needed (Table 1). The FDA and
EMA could provide examples of when the persuasive criteria are and are not met. For example, what are examples
of when the natural history of a disease is well defined versus not? What are the minimum criteria necessary for a
persuasive control arm? Similarly, the FOCR recommendations could go further and discuss what ‘good’ control
for confounding looks like (e.g., what level of balance between the control arm and single-arm study is necessary).

As ECAs are only one type of RWE study design, it is important to understand how the totality of recommen-
dations within the fit-for-purpose study design building block match what we might expect for comprehensive
guidance (Table 2). One gap is the lack of guidance on how to select the most appropriate study design components
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to limit bias and how to confirm the method chosen was appropriate. A number of stakeholders (e.g., ISPOR (18],
FOCR (17, Franklin ez a/. (19]) outlined basic considerations to avoid types of bias that impact RWE studies
(e.g., classification, selection, confounding), but the recommendations stop short of operationalizing a process for
selecting an approach and validating that approach. While we do not expect an exact recipe for what study design
elements to select for every situation, researchers could benefit from more guidance on what elements might be
appropriate for certain situations (e.g., what makes a persuasive ECA) and how the choices made by the researcher
will be evaluated. As regulatory and HTA decision-makers are developing their RWE recommendations regard-
ing study design considerations, they should understand the current landscape of recommendations and consider
closing current gaps by providing more detailed guidance on RWE study design.

Example 2: A spotlight on fit-for-purpose data (‘data sources’ building block) & matching of data to the research question

The ‘data sources, fit-for-purpose’ data building block (Figure 2) has contributions from a diverse set of stakeholders
including regulators (FDA, EMA, Health Canada), HTAs (CADTH, IQWiG), RWE Initiatives (Duke-Margolis)
and independent researchers. Duke-Margolis and their multi-stakeholder consortium crafted recommendations in
‘Characterizing RWD Quality and Relevancy for Regulatory Purposes,” which focused on describing elements of
‘fit-for-purpose’ data such as data relevancy and data reliability [35]. We cross-referenced five guidance documents
against the more comprehensive Duke-Margolis’ recommendations: EMA and Heads of Medicines Agency Big Data
Task Force subgroup report ‘Observational Data (Real World Data)’ 30, FDA’s ‘Use of Real-World Evidence to
Support Regulatory Decision-Making for Medical Devices [37]) joint recommendation from the Canadian Agency
for Drugs and Technologies in Health (CADTH) and Health Canada, ‘Elements of Real World Data/Evidence
Quality throughout the Prescription Drug Product Life Cycle’ (22}, ‘Guidelines for Good Data Selection and use of
Pharmacoepidemiology Research’ (38], and IQWiG’s ‘Routine Practice Data for the Benefit Assessment of Drugs [12].”
We assessed concordance on individual elements of data relevancy and reliability that were deemed necessary for data
fitness-for-purpose, for example, representativeness, availability of key data elements, data provenance and accuracy.

While we observed fairly good agreement across these six recommendation papers, some small differences
emerged (Table 1). For example, unlike the other regulatory and HTA bodies, EMA did not discuss the availability
of covariates as a criterion in assessing data’s fitness-for-purpose. This discrepancy was likely due to the motivation
of the EMA’s publication, which was to catalog RWD sources within the European Union. By evaluating each
RWD source against a predetermined list of essential characteristics (e.g., longitudinally, transparency in data
processing), the EMA by proxy identified criteria for fit-for-purpose data. The omission of covariate availability as
an important aspect of fit-for-purpose data assessment could have been deliberate or simply not relevant to the goal
of the EMA’s publication. Of note, EMA has not issued specific formalized recommendations on their definition for
fit-for-purpose RWD and thus it leaves researchers and manufacturers to interpret EMA’s position through other
publications; this type of extrapolation regarding a decision-makers position on criteria for high-qualicy RWE was
common in our analysis.

Multiple stakeholders have offered recommendations on criteria for defining data fitness-for-purpose. Subtle
differences in these recommendations could reflect differences in what is considered important or that recommen-
dations were developed in silos without consulting previously published pieces or other stakeholders on the topic.
For example, CADTH and Health Canada did not reference Duke-Margolis’s white paper or Hall ¢z 4/. on defining
fitness-for-purpose; the EMA’s subgroup report did not reference Duke, FDA, CADTH or Health Canada’s rec-
ommendations on fitness-for-purpose, but did reference Hall ez /. These stakeholders may be focused on building
upon the work of their regional colleagues (e.g., Duke-Margolis building on FDA’s work on fitness-for-purpose
and not Canada or Europe’s work) or are focused on in country recommendations due to logistical challenges with
aligning with multinational stakeholders, however, with the global drug development community and stakeholder
commitment to RWE, this is a missed opportunity to consolidate effort and guide the development of global RWE
recommendation. The proposed organized structure could have helped stakeholders identify previous recommen-
dations, likely published in the gray literature, in order to build upon the recommendations and avoid duplicative
work. Adopting similar existing recommendations could have allowed the stakeholder to move on to focus on less
defined areas of fit-for-purpose data and make further progress toward comprehensive guidance.

While there is high level agreement on defining what is fit-for-purpose data, gaps in other aspects of fitness-
for-purpose exist (Table 2). For example, there are no operational definitions for researchers to determine if the
RWD source meets each data relevance or data reliability criteria. Duke-Margolis does offer recommendations
on the verifications checks for data reliability (e.g., blood pressure recordings in the dataset that are biologically
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plausible), however, it does not offer thresholds for passing the checks [36]. Another consideration that is relevant
in a global community is the acceptability of international RWD in decision-making. When is data from outside
the country relevant for in country decision-making? What are best practices for using international data? Should
healthcare systems be similar? How is similarity measured? Researchers would benefit from guidance in these areas
and decision-makers should consider evaluating these topics for inclusion in their future RWE guidelines.

Looking ahead: transforming fragmented recommendations to comprehensive guidance

The completeness of recommendations within each building block differs, but each building block has gaps that
need to be closed in order to progress toward comprehensive guidance. We encourage stakeholders to use this analysis
to both close gaps within their current recommendations and prioritize future recommendation development work.
While the end goal is to eventually develop comprehensive RWE guidance, a more realistic starting point could be
to focus first on complete guidance within each building block.

Building blocks to prioritize for further development or consensus

To begin, we should strategically prioritize future guidance development to focus on addressing the major concerns
of critics, like transparency and data quality. Transparency and reproducibility (Figure 2) have been identified
by many stakeholders as ways to enhance the credibility of RWE by allowing others to understand and replicate
methods from RWD studies and remove any appearance of being a ‘black box.” Great progress has been made by the
REPEAT Initiative [61] and Wang ez al’s publication ‘Reporting to Improve Reproducibility and Facilitate Validity
Assessment for Healthcare Database Studies,’ (44] which showcased what elements are necessary to include in a study
report to facilitate RWE study reproducibility. However, further work is needed to reduce the possibility that a
research may have ‘cherry picked’ study designs elements and results that conform to the researcher’s hypothesis. The
multi-stakeholder RWE Transparency Initiative, is working to ‘establish a culture of transparency for study analysis
and reporting of hypothesis evaluating real-world evidence studies [45].” A key objective of the initiative is to develop
recommendations for RWE study protocol registration on platforms like clinicaltrials.gov and the European Union’s
electronic Register of Post-Authorization Studies; these recommendations are intended to increase understanding of
how researchers arrived at the results presented. Pre-registering the study protocol is a big step toward transparency,
but decision-makers and stakeholders still need to determine what components are necessary to include in that
protocol. While multiple tools exist, there is a lack of consensus on what tool is most appropriate. We would
also encourage decision-makers and researchers to develop best practices around engagement with decision-makers
during study design and execution in order to facilitate transparency in the RWE generation process.

Another critical area that has received recent attention is the heterogeneity of RWE quality and challenges in
data access. Groups like the European Health Data and Evidence Network (EHDEN) are working on harmonizing
RWD across the EU and building an infrastructure for easier data access [66]. While these are larger structural data
quality issues, groups, like FOCR, are also working on expanding and improving RWD capture to meet the needs of
more personalized healthcare research questions, like how to incorporate patient reported outcomes (PRO) data in
RWD (‘data sources, data quality’ building block, Table 2). With the patient at the center of any healthcare system,
ensuring that treatments are positively impacting patient-relevant outcomes (e.g., quality of life) is essential and
there is evidence that PRO capture during routine clinical care can also improve treatment outcomes [67]. Typical
RWD sources like claims and electronic medical records are not always well-structured to capture PRO elements.
In oncology, PRO-Common Terminology Criteria for Adverse Events (PRO-CTCAE), an FDA validated PRO
instrument, was developed by the National Cancer Institute to capture self-reported symptoms of toxicity in clinical
trials [68]. Unfortunately, this instrument does not appear to be well captured in RWD sources. Understanding
how data providers and intermediaries can enhance the capture and validation of PROs, like the PRO-CTCAE
or other instruments like PROMIS (9] or the EQ-5D (70, in RWD/RWE requires collaboration across multiple
stakeholders. Not all RWE research questions will require PRO outcomes, but a larger push to incorporate PROs
in RWD sources can expand the applicability of RWE as the industry moves to more personalized medicine.
FOCR has assembled a coalition to validate common oncology end points, including PROs, in RWD in order to
improve the capture of RWE in routine practice, where it can be a reliable metric to evaluate oncology product
effectiveness [71].
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Agreeing on what is ‘high-quality’ RWE & offering consistent comprehensive guidance for
researchers

In the move toward comprehensive guidance, a consensus, where possible, should be reached in defining high-
quality RWE. Historically, agreement on evidence requirements (i.e., what evidence is needed to make decisions
like placebo controlled studies vs active comparator studies) between regulators and HTA agencies, and even among
HTA agencies, has been low; in the EU alone, there are approximately 23 countries that have HTA systems with
different assessment frameworks and varying requirements for clinical and economic evidence [721. Differences
in evidence requirements among HTAs and regulators is not surprising due to the differences in the questions
being put to the data. Regulatory agencies are focused on safety and efficacy of new treatments, while HTA
bodies are concerned with the relative effectiveness and value of treatments compared with those already being
used. Additionally, regulatory agencies have the ability to require evidence; HTAs, on the other hand, are often
limited to the evidence available during the regulatory approval process and this evidence often lacks long-term
outcomes, which are more relevant for value assessments. For example, while NICE has issued a Methods Guide —a
broad high-level summary for its evidence preferences — and supporting ‘Technical Support Documents’ to provide
recommendations on technical issues such as adjusting for bias, NICE does not dictate what evidence is required
and gives broad leeway to the manufacturer to suggest their own value proposition. Furthermore, the HTAs across
Europe do not have a unified structure for their assessment process and reimbursement decision-making. In fact,
the 23 different HTA bodies in Europe have different legal remits, assessment methods and acceptance levels to
using non-randomized data.

Stakeholders have recognized the lack of alignment to date in evidence requirements among decision-makers
and there is a push for increased coordination, especially in the area of RWE use. Multi-country and multi-national
collaborations currently exist across regulatory and HTA agencies. For example, the EMA and FDA recently
strengthened their collaboration and agreed to develop a ‘roadmap for international collaboration on real world
evidence’ [73]. The IMI GetReal project brings together EU regulators, HTAs, patient advocacy organizations
and academics — stakeholders with potentially competing goals — to collaborate in a ‘safe harbor’ environment,
identify key issues, and co-develop solutions for RWE generation and use [74]. ISPOR-ISPE’s RWE Task Forces
similarly spans multiple stakeholders with the goal of advancing collaboration on recommendations for building
blocks of high-quality RWE standards [75]. Collaboration between regulators, HTA bodies and other stakeholders
to harmonize evidence requirements where appropriate is in progress and this eye toward harmonization should
continue for RWE guidance. While there may always be some gap between the evidence required to make regulatory
versus HTA decisions, both groups agree in requiring high-quality evidence for their decision-making. Consensus
on what is high-quality RWE is not out of reach even if regulators and HTAs require different types of high-quality
RWE. Collaboration is needed to ensure comprehensive guidance is not created in silos and, where possible,
can be applied across decision-making forums. Comprehensive guidance that focuses on key elements of quality
RWE (e.g., data quality, study design, appropriate analytical methods, etc.) should also transcend geographic
borders; as long as the methodology is robust, sound methodological guidance developed in one region could be
applied universally. The proposed organized structure can help identify disparate recommendations and areas where
consensus is needed.

Demonstration projects to accelerate progress to comprehensive guidance

For building blocks that need further development, demonstration projects can be used to improve methodology
through prospective validation of methods which will bolster credibility by showcasing where RWE is and is not an
appropriate choice. These projects are concrete use cases to pressure test the applicability and validity of RWE for
decision-making. For example, several on-going demonstration projects are funded by FDA and serve to provide
additional evidence for the FDA’s RWE guidance document that is expected in 2021. RCT DUPLICATE is
recreating 30 already completed RCTs and 7 prospective RCTs using RWD (60]. The RCTs selected for duplication
span multiple therapeutic areas, including those outside the traditional uses of RWE (i.e., rare disease and oncology).
The goal is to mimic the RCT as much as possible to understand the conditions necessary for RWE studies to
come to the same causal conclusions. While the benefit of RWE is that it reflects the real-world experience of
patients and often includes different patient populations and treatment pathways than RCTs, it is important to
start with a foundational understanding of RWEs ability to study causal questions and where RWE ‘gets it right’
and importantly, where RWE ‘gets it wrong.” The FDA will be using the insights from RCT DUPLICATE to set
guidelines on relevant use cases for RWE in regulatory decision-making (e.g., the applicability of RWE in label
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expansions). The FDA, through the Reagan-Udall Foundation is also collaborating with FOCR on the COVID-19
Evidence Accelerated to use RWE to advance the US’s response to the pandemic [76]. The EMA and Health
Canada are co-leading work on real-world evidence to support decision-making in COVID-19. This work focuses
on vaccine vigilance, building international cohorts to study disease epidemiology, the performance of drugs and
pregnancy surveillance. This work will help to build consensus between international regulators on what defines
‘high-quality’ RWE and on its place in decision-making [77). Demonstration projects can provide valuable insights
to establish the utility of RWE and pressure test assumptions as to where RWE can be used. Insights from these
projects can bolster recommendations in the building blocks and pave the way to comprehensive guidance.

Conclusion

This structure is the first to organize the myriad RWE recommendations in order to understand progress made
toward comprehensive guidance and to identify gaps where more research, especially demonstration projects, is
needed. For example, the use of ECAs (Figure 2, ‘study design, fit-for-purpose design’ building block), ‘transparency
and reproducibility’ (Figure 2) and methods around PRO data capture (Figure 2, ‘data sources, data quality’ building
block) are areas that would benefit from additional development and were described in detail here. In addition
to these selected spotlights, gaps in current recommendations were identified in each building block (Table 2).
Substantial headway has been made for a number of aspects of RWE quality (e.g., defining what is ‘fit-for-purpose
data,” Figure 2), however using the proposed organized structure, it is time to collectively assess the current status of
recommendations for RWE quality and use. Public health will advance most quickly if stakeholders and researchers
can agree on the parameters for each building block. This will allow researchers to conduct better RWE studies,
which will be more likely to support decision-making.

As decision-makers are developing their RWE guidance, they should take the lead on adopting the recommen-
dations that meet their expectations for ‘quality.” Researchers and Professional Organizations, like ISPOR, should
also use the organized structure to identify areas where their research initiatives can make a contribution to RWE
standard setting. Collaborations between stakeholders can include formal cross-organizational projects to develop
consensus within the building blocks, sharing learnings from recommendation development to avoid silos, and
co-authoring publications and presentations to discuss rationales for recommendations. While collaborative and
demonstration projects will bring substantial progress, smaller more experienced research groups may be able to
contribute to filling smaller gaps via peer reviewed research with greater speed.

With the amount of attention on RWE and the investment from a wide variety of stakeholders to get RWE
right, there is incentive for stakeholders to collaborate and make rapid progress toward comprehensive guidance on
what is high-quality decision-grade RWE and the conditions for when it should be used in decision-making. This
consensus and pathway for RWE use will help propel the generation of high-qualitcy RWE where we can further
learn by applying the principles of use in decision-making, which will help address skepticism around the utility
of RWE in healthcare decision-making. Once there is trust in RWE as a relevant and valid option for healthcare
decision-making, stakeholders can amend the traditional hierarchical pyramid of evidence and move toward greater
adoption of RWE where it is most impactful.

Future perspective

As healthcare decision-makers look beyond traditional evidence sources (i.e., RCTs), RWE will become a more
widely used source of evidence in regulatory and HTA decision-making and the hierarchical pyramid of evidence
sources will be updated to include a number of methodologies and data sources. Guided by our organized structure
and recommendation gap analysis, the ongoing work by decision-makers to set methodological standards around
the generation and use of RWE and the ‘learn by doing’ approach of demonstration projects, especially in response
to the COVID pandemic, will increase trust and quell skepticism in the reliability and validity of high-quality
RWE.
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Executive summary

Comprehensive guidance on real-world evidence generation & use is needed

e With the increased focus on real-world evidence (RWE) to aid regulatory and HTA decisions, guidance is needed
to define ‘high-quality’ RWE and determine how it should and should not be used in decision-making.

e Decision-makers and other stakeholders have issued numerous position pieces and recommendations on different
aspects of RWE, however, to date, the recommendations are fragmented; no comprehensive guidance has been
issued.

Moving from fragmented RWE recommendations to comprehensive guidance

e We offer a structure for organizing the landscape of current RWE recommendations which is structured by the
key building blocks of high-quality RWE and follows the typical research workflow of hypothesis generation
through study design and execution. Within the building blocks, we summarized the current state of RWE
recommendations and identified gaps.

e In order to move from fragmented RWE recommendations to comprehensive guidance, we suggest
decision-makers utilize the organized structure to adopt existing recommendations, close gaps in their current
recommendations, and identify areas where further work is needed.

e Stakeholders should collaborate on demonstration projects to improve methodology through prospective
validation of methods which will bolster credibility by showcasing where RWE gets it right and where it is not
helpful.
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