
Vol.:(0123456789)

Drugs - Real World Outcomes (2019) 6:193–203 
https://doi.org/10.1007/s40801-019-00167-6

ORIGINAL RESEARCH ARTICLE

RWE Framework: An Interactive Visual Tool to Support a Real‑World 
Evidence Study Design

Andrew D. Xia1   · Caroline P. Schaefer2   · Agota Szende3   · Elke Jahn4 · Matthew J. Hirst1 

Published online: 18 November 2019 
© The Author(s) 2019

Abstract
Objectives  Real-world evidence (RWE) is essential for the development of pharmaceutical and medical technologies and 
informs treatment-related decisions by regulatory agencies, payers, healthcare providers, and patients. Given that planning 
RWE studies present diverse challenges, we developed the RWE Framework, a concise, visual, interactive tool designed to 
align multidisciplinary stakeholders toward common goals and encourage a methodical approach to RWE study planning.
Methods  A search of published literature and internet-based resources was performed to identify guidance on RWE study 
planning with decision and/or visual aids. A conceptual framework for a study design tool was developed based on best prac-
tices for RWE studies, enhanced with an infographic design, and refined by multidisciplinary input from RWE researchers.
Results  The searches confirmed an unmet need for a concise tool to support a broad range of RWE study designs: only two 
sources with decision/visual aids were identified. The novel RWE Framework comprises sequential decision steps with 
instructions to guide users through consideration of research objectives, product approval status, study setting, outcomes of 
interest, data availability in routine practice, need for primary data collection and/or randomization, study type and method-
ology, and applicable regulatory standards. Pilot testing using case studies of pharmaceutical assets demonstrated the utility 
of RWE Framework and applicability for use in team environments.
Conclusions  The RWE Framework is a novel, concise, visual, and interactive tool to inform RWE study planning. It addresses 
a broad range of real-world study types and research objectives and was found to enhance RWE decision-making by multi-
disciplinary teams. Further validation is warranted.
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1  Introduction

Real-world evidence (RWE), derived from data collected 
during routine clinical practice, provides important insight 
into clinical experience, which complements information 
obtained from traditional randomized controlled trials 
(RCTs). Traditional RCTs typically measure the efficacy and 
safety of an intervention versus a comparator or placebo 
under standardized double-blinded conditions and in a nar-
rowly defined population to minimize bias and/or confound-
ing factors [1]. Data obtained from traditional RCTs are con-
sidered the gold standard for regulatory decision-making 
during initial registration of a medicine and expansion of a 

product label and to support treatment guidelines [1]. How-
ever, these trials are costly to undertake, and the patients 
enrolled in strictly controlled settings frequently do not 
represent those encountered in everyday clinical practice 
who often have characteristics associated with higher risk 
[2, 3]. Consequently, extrapolation of outcomes reported 
in traditional RCTs to the diverse patients and treatment 
settings observed in everyday clinical practice may be lim-
ited [2]. For example, shorter overall survival is reported 
in real-world patients with metastatic non-small cell lung 
cancer treated with programmed cell death protein 1 inhibi-
tors compared with traditional RCTs, potentially because of 
narrow trial eligibility criteria [4]. Also, smaller reductions 
in glycated hemoglobin levels were reported with glucagon-
like peptide 1 receptor agonist and dipeptidyl peptidase 4 
inhibitor therapy in patients with type 2 diabetes in real-
world studies compared with traditional RCTs, which has 
been attributed to differences in treatment adherence [5].

RWE from non-randomized studies may bridge the gap 
between the controlled environment of clinical studies and 
more heterogeneous real-world medical settings, generating 

http://orcid.org/0000-0002-0002-7217
http://orcid.org/0000-0002-0197-0362
http://orcid.org/0000-0002-5880-3354
http://orcid.org/0000-0002-3485-0690
http://crossmark.crossref.org/dialog/?doi=10.1007/s40801-019-00167-6&domain=pdf


194	 A. D. Xia et al.

Key Points 

Real-world evidence (RWE) informs decisions that 
impact clinical trial planning and patients’ access to 
medicines by providing insight into outcomes across a 
broad range of patients and settings. However, numer-
ous considerations when planning real-world studies can 
present a challenge to researchers.

The RWE Framework is a novel visual study design 
tool developed and pilot tested by researchers in RWE 
from the pharmaceutical industry. This concise, easy-to-
follow, step-wise, interactive aid informs the design of 
a broad range of real-world study types from non-inter-
ventional retrospective or prospective studies to interven-
tional pragmatic trials.

Given a search of published literature and web-based 
sources identified lack of concise visual tools to inform 
the design of real-world studies, the RWE Framework 
has potential to enhance decision-making when planning 
real-world studies and facilitate team discussion.

particular study population, it must be determined whether 
new (primary) and/or existing (secondary) data are needed. 
If appropriate, the optimal secondary data must be identified 
from a broad array of sources including clinical registries, 
insurer claims or administrative data, and electronic health 
records [1, 2]. Also, to address the research objectives the 
optimal study type must be selected from a wide range of 
options including pragmatic, observational, prospective, ret-
rospective, cohort, case control, and cross-sectional designs. 
Studies must also be conducted in accordance with local 
regulatory and data privacy requirements, which can vary 
according to study design and country/regions of inter-
est. These choices can present considerable challenges to 
researchers. Individuals designing RWE studies may have 
differing levels of experience with RWE best practices, 
and perspective on particular research objectives may dif-
fer across diverse research teams, which may include the 
multidisciplinary stakeholders involved in drug develop-
ment or the evaluation of existing medicines. Different 
study designs also require study personnel with divergent 
skill sets. For example, retrospective studies rely on sec-
ondary databases, programming skills, and epidemiologic 
and statistical approaches, whereas prospective studies more 
closely resemble clinical studies and rely to a greater extent 
on medical affairs and on regulatory and site management 
expertise. Finally, researchers may have limited resources to 
plan their studies and little opportunity to collaborate across 
complex team structures inherent within many large organi-
zations, including pharmaceutical companies. This may lead 
to inefficiencies in study planning and potentially impact the 
quality of real-world data obtained.

Real-world studies need to be well designed, given the 
growing importance of RWE in evaluating diseases and 
medical interventions to inform clinicians, patients, pay-
ers, policy makers, and pharmaceutical companies [2, 10]. 
The aim of this research was to develop a concise, visual, 
and interactive tool to align multidisciplinary stakehold-
ers toward common goals and encourage a methodologic 
approach to RWE study planning, which could be imple-
mented in a team environment.

2 � Methods

Development of the RWE study planning tool, the ‘RWE 
Framework,’ involved a multi-step process as described in 
Fig. 1. In the initial step, key components of best practice 
RWE study planning were identified during focused group 
discussions among the research team and based on experi-
ence with design and implementation of multiple RWE stud-
ies. Using this information, a list of key considerations that 
multidisciplinary teams routinely encounter during RWE 
study planning, and a visual tool that might help to address, 

additional evidence about safety and effectiveness post-
market authorization. For example, RWE can improve esti-
mates of treatment effects across a broad range of patients 
and clinical practice conditions and enable longer term 
follow-up of patients compared with traditional RCTs [1, 
6]. The large sample sizes associated with real-world data 
may identify clinically relevant subgroups and help tailor 
treatment strategies to support new indications. For exam-
ple, analysis of electronic health records from over 32,000 
patients diagnosed with cancer revealed that individuals pre-
scribed metformin, a first-line therapy for type-2 diabetes, 
had better survival compared with diabetic and non-diabetic 
patients who were not taking metformin, indicating a poten-
tial chemotherapeutic role for metformin [7]. Extensive data 
from electronic health records and insurance claims have 
also revealed l-DOPA, a drug used for movement disor-
ders, has a protective effect on development of age-related 
macular degeneration [8]. Furthermore, large populations 
can provide insight into rare adverse events that may not 
emerge in traditional RCTs [2, 9]. RWE can also facilitate 
assessment of treatment patterns, patients with unmet needs, 
disease burden, healthcare utilization, and associated costs 
[1]. Consequently, assessing data from a variety of sources is 
important to enable a holistic approach to decisions made by 
payers, healthcare providers, regulatory agencies, and organ-
izations conducting medical research and drug development.

There are numerous considerations when planning a RWE 
study. For example, to address the research objectives in a 
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was compiled. This included research objectives, the level 
of intervention required, study design, use of existing data, 
and regulatory guidance. In addition, preferred attributes 
of a potential visual tool were identified, which included 
concision, holistic nature, and incorporation of a decision 
tree and/or checklist.

2.1 � Literature Review

A literature search was conducted to identify existing deci-
sion tools or visual aids that provide best practice guidance 
for planning or conducting RWE studies. Prior to conduct-
ing the literature review, the search strategy was defined by 
specifying objectives, information sources, search criteria, 
and eligibility criteria. A search of English language publi-
cations from January 2008 to December 2017 was conducted 
in Embase® and MEDLINE®. The following search terms 
were contained in the abstract or title: ‘real world evidence’ 
or ‘real world data’ or ‘pragmatic trial’ combined with ‘con-
sensus statement’ or ‘flow diagram’ or ‘decision tool’ or 
‘best practice’ or ‘generation’ or ‘algorithm.’ A validation 
search was performed using the search terms as free-text and 
MeSH or Emtree terms, limited to review articles.

A search of internet-based sources was also undertaken 
using terms derived from the Embase® and MEDLINE® 
searches. Supplemental online searches were conducted via 
Google.com and on websites of the following relevant pro-
fessional organizations, government institutions, and public-
private partnerships: European Medicines Agency (http://
www.ema.Europ​a.eu), US Food and Drug Administration 
(http://www.fda.gov), Association of the British Pharmaceu-
tical Industry (http://www.abpi.org.uk), International Soci-
ety for Pharmacoeconomics and Outcomes Research (http://
www.ispor​.org), GetReal (http://www.imi-getre​al.eu), and 
Network for Excellence in Health Innovation (http://www.
nehi.net).

To warrant inclusion in this literature review, papers and 
online resources had to report best practices for designing 
RWE studies and include decision and/or visual aids. Exclu-
sion criteria included commentaries, editorials, letters, case 
reports, legal cases, news, technical reports, and outputs 
focused on children. The titles and abstracts of the publica-
tions and online sources identified were screened by one 
assessor; all authors reviewed the selection of the screened 
papers and were involved in their appraisal.

2.2 � Development of the RWE Framework

Following the literature review, the conceptual framework 
of a tool to aid the planning and design of RWE studies 
was developed using a staged approach. First, the key com-
ponents of best practice RWE study planning were organ-
ized logically and sequentially to create a flow diagram. An 
infographic design based on a ‘Q&A’ framework was then 
applied to facilitate its use. Finally, resources were devel-
oped to provide guidance on the use of the flow diagram 
including instructions, background information on key defi-
nitions and checklists, and references to external resources 
[11–17].

Each section of the flow diagram and associated resources 
was refined following qualitative input from RWE research-
ers from Covance and Mundipharma. Feedback was 
obtained during meetings with researchers with expertise in 
epidemiology, clinical outcomes assessment, health econom-
ics, outcomes research, market access, medical science, and 
medical affairs. This included a five-member RWE cross-
functional working group comprising representatives from 
five departments (Medical Science, Drug Safety, Epidemi-
ology, Regulatory, and Market Access), an eight-member 
European market access team, and RWE specialists from 
France, Germany, Italy, Spain, the UK and Nordic region.

Pilot testingConstruct frameworkLiterature review

• Identified decision tools / visual aids
   informing best practices for planning
   RWE studies

• Embase® and MEDLINE® searches
  (2008–2017)
• Supplemental online searchesa

• Generated flowchart of RWE study
  planning processes

• Developed infographic design and
   instructions 
• Refined framework following input
   from advisory panels 

• Included 40 RWE professionals
   from 9 European countriesb

• Conducted group exercises using
  case studies of pharmaceutical
  assets 

Fig. 1   Development of the RWE Framework. RWE, real-world evi-
dence. aGoogle.com and websites of relevant organizations: European 
Medicines Agency (http://www.ema.Europ​a.eu), US Food and Drug 
Administration (http://www.fda.gov), Association of the British Phar-
maceutical Industry (http://www.abpi.org.uk), International Society 

for Pharmacoeconomics and Outcomes Research (http://www.ispor​
.org), Get Real (http://www.imi-getre​al.eu), and Network for Excel-
lence in Health Innovation (http://www.nehi.net). bExpertise in epide-
miology, clinical outcomes assessment, health economics, outcomes 
research, market access, medical science, and medical affairs

http://www.ema.Europa.eu
http://www.ema.Europa.eu
http://www.fda.gov
http://www.abpi.org.uk
http://www.ispor.org
http://www.ispor.org
http://www.imi-getreal.eu
http://www.nehi.net
http://www.nehi.net
http://www.ema.Europa.eu
http://www.fda.gov
http://www.abpi.org.uk
http://www.ispor.org
http://www.ispor.org
http://www.imi-getreal.eu
http://www.nehi.net
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2.3 � Pilot Testing of the RWE Framework

The resulting RWE framework was then pilot tested during 
two workshops. Together, these workshops comprised 40 
individuals from 9 European countries with RWE expertise, 
which included medical science, epidemiology, drug safety, 
research and development, regulatory, and market access 
aspects of drug development. The first workshop comprised 
20 members of the Mundipharma Nordic team, and the sec-
ond comprised 20 regulatory and research and development 
experts from Mundipharma. Using a series of group exer-
cises, the RWE framework was used to design potential stud-
ies to address unmet needs associated with Mundipharma 
assets across a range of settings (pain, asthma, and diabetes).

Data sharing was not applicable to this article as no data 
sets were generated or analyzed during the current study.

3 � Results

3.1 � Literature Review

A total of 371 abstracts were identified in the Embase® and 
MEDLINE® searches and screened (Fig. 2). Of these, three 
articles were selected for detailed review based on their titles 
and abstracts [18–20]. All were excluded following full-text 
review because none contained decision and/or visual aids 
to assist in the design of RWE studies, although one referred 
to the Innovative Medicines Initiative (IMI) GetReal Con-
sortium, which published an online tool captured under the 
online search, as described below [19]. The validation search 
using the search terms as free-text and MeSH or Emtree 
terms, limited to review articles, did not return any addi-
tional relevant results.

From the online searches a further nine sources were 
identified for detailed review (Fig. 2). Six of these online 
sources did not include decision tools and/or visual aids 
[21–26], while one source included a visually supported 
decision-tool (Sure-Real) but was limited in scope to prag-
matic trials, a subset of RWE studies [27]. The remaining 
two documents in which visual aids were identified are 
described below.

The first relevant document, produced by the Associa-
tion of the British Pharmaceutical Industry (ABPI), provided 
guidance on how real-world data can support the market-
ing of medicines by generating new evidence or increasing 
the robustness of existing claims [13]. It included a brief 
diagram that indicated non-interventional real-world stud-
ies could be used to address questions regarding effective-
ness, resource use, patient experience, service models, and 
treatment pathways. The suggested studies in the diagram 
were ‘audit’ to check against standards, ‘service evaluation’ 
for describing or evaluating a local service, and ‘research 
(observational)’ for generalizable new knowledge [13]. 
However, this diagram is limited in scope and, as such, 
lacked sufficient detail to inform the design of RWE stud-
ies. The second visual tool identified was RWE Navigator, 
developed by the IMI GetReal consortium (https​://rwe-navig​
ator.eu/what-is-the-imi-getre​al-proje​ct/). RWE Navigator is 
an interactive online resource that assists users in identifying 
potential issues that may be faced in demonstrating the rela-
tive effectiveness of medicines and guides for potential types 
of RWE study designs depending on the development stage 
of a medicine and the relevant PICO (Population, Interven-
tion, Comparator, Outcome) category [28]. The first step of 
the RWE Navigator aims to clarify potential effectiveness 
issues using a PICO framework for drugs in early (strategy), 
middle (operational), or late (submission) stages of develop-
ment. Potential issues and corresponding real-world study 

Fig. 2   Literature and online 
search results

Combined search results
(n=380)

Full-text records retrieved for detailed review
(n=12)

Embase® and MEDLINE® search results
(n=371)

Online search results
(n=9)

Records excluded based on title and abstract 
(n=368)

Records excluded:
• No decision/visual aid (n=8)

• Limited scope (n=1)

• Redundant (n=1)

Decision / visual aids assessed
(n=2)

https://rwe-navigator.eu/what-is-the-imi-getreal-project/
https://rwe-navigator.eu/what-is-the-imi-getreal-project/
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design options are listed in stage 2. Links to further informa-
tion and resources are also provided. While the RWE Navi-
gator is a comprehensive repository of information that can 
be used as a resource to provide additional information about 
study methodologies, its utility in a multidisciplinary team 
environment may be limited by the complexity of the tool.

The literature review highlighted an unmet need for a 
concise, interactive, visual tool to support RWE study design 
in multidisciplinary team environments.

3.2 � RWE Framework Development

The RWE Framework was constructed to address the gap 
identified in the literature as a concise, visual, holistic, and 
interactive tool that supports decision-making about RWE 
study design in a team environment. Key considerations cap-
tured in the RWE Framework include:

•	 Part I: establish objectives and study end points.

–	 Research objective(s).
–	 Product approval status.
–	 Setting of study conduct.
–	 Outcomes of interest.

•	 Part II: define the RWE study design.

–	 Data availability in routine practice.
–	 Need for primary data collection and randomization.

The RWE Framework comprises two parts that together 
capture a sequential, multi-step decision process. Based on 
series of ‘yes/no’ responses, it leads users through a set of 
considerations to support identifying the most suitable RWE 
study design from a broad range of study types. Instructions 
and checklists guide users through the RWE study planning 
exercise step by step and provide background information 
on key definitions.

The first part of the RWE Framework flow diagram con-
siders whether the RWE research objective(s) are to inform 
decision-making within pharmaceutical companies, for 
example, indication selection or clinical trial planning, and/
or to inform decision-making by other stakeholders such as 
regulatory agencies or payers (Fig. 3a). It then establishes 
whether the research objectives are to study a therapeutic 
area more broadly or to study a specific therapeutic interven-
tion and/or to demonstrate product value. Approval status of 
the therapeutic intervention and whether the study will be 
conducted in routine practice are also considered to deter-
mine if a RWE study (or interventional study) is warranted. 
For example, a study would be considered interventional if 
an intervention (e.g., diagnostic test or procedure) that is not 
normally conducted in routine clinical practice or another 

alteration to routine clinical practice is necessary to address 
the research objectives.

The framework suggests consultation with RWE and 
clinical research teams for clinical trials or expanded access 
studies that will be conducted in settings of routine clini-
cal practice. The RWE flow diagram then seeks to establish 
the outcomes of interest required to investigate the research 
objectives. These categories include but are not limited to 
epidemiology, disease burden, patient experience, treatment 
patterns/pathways, treatment adherence/switching, off-label 
use, safety, effectiveness, patient-, clinician-, or observer-
reported outcomes, resource utilization, and cost. Users are 
then asked to determine and specify study end points within 
the categories of outcomes selected. For example, users 
might establish the EQ-5D score, length of hospital stay, 
time to treatment switch, or occurrence of treatment-related 
adverse events as specific end points within the patient-
reported outcomes, resource utilization, treatment patterns, 
or safety outcomes of interest categories, respectively.

Once the outcomes of interest and specific study end 
points have been established, the second part of the RWE 
framework ascertains whether the data of interest and appro-
priate quality are recorded during routine practice. Users are 
asked to determine if the selected patient population and 
data variables can be consistently identified in existing data 
sets and, if so, to select the appropriate database and meth-
odology, which may require a feasibility assessment to 
ensure the data are consistently and completely captured 
in order to address the research objective (Fig. 3a). This 
information is used to determine if new data need to be col-
lected (primary data) or if retrospective analysis of existing 
data sets (secondary data) or a hybrid approach (primary 
data collection supplemented with secondary data analysis) 
is appropriate. If primary data collection is indicated, the 
user must select whether randomization is necessary. Based 
on these outcomes, the final part of the flow diagram rec-
ommends which type of RWE study design may be appro-
priate. This includes study types within the categories of 
non-interventional/observational (retrospective [data already 
collected] or prospective [data collected after the study is 
designed]) and pragmatic, interventional trials (Fig. 3a). For 
non-interventional/observational case control, cohort, and 
cross-sectional studies, potential data sources also require 
consideration and may include electronic health/medical 
records, patient portal data, administrative data, payer claims 
data, laboratory results databases, consumer/employee/
social data, registry, chart review/abstraction, survey, focus 
groups, and interviews. The RWE Framework also directs 
the user to applicable regulatory standards that should be 
considered in consultation with a RWE and/or clinical team 
prior to proceeding with the study design. The instructions 
developed to guide users through the steps of the RWE 
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To study the therapeutic area

To inform internal decision-making 

Business strategy Go/No go

Indication selection Clinical trial planning

What is your research objective?

Select all relevant options

At study initiation, will the product 
be approved in the indication?  

Will study be conducted in routine practice, i.e. intervention
/altering of routine practice will not be necessary?

To inform external decision-making 

Patients Providers

Regulatory agencies Payers

To study product/demonstrate product value

What are the outcomes of interest?

RWE FRAMEWORK

Ph IV

Consult RWE Team

Consult Clinical Research Team

Y

Y

N

N

Ph II-III

If conducted in routine practice setting, consult RWE Team as well

Follow ICH GCP/GVP/LLR and regulatory requests

Clinical Trial or Expanded Access: Interventional

RWE study

CostsEpidemiology

Disease burden

Treatment
pathway/patterns

Adherence/switching Effectiveness

Safety

Patient-reported 
outcomes

Resource usePatient experience Off-label use

Clinician-reported 
outcomes

Observer-reported 
outcomes

Study endpoints:

START

Survey

Y

RWE:
interventional

Registry

Digital health

Focus group

Interview

Chart review/abstraction

Y

N

Consider 
primary/hybrid 
data collection

Select study type/
methodology

Consider

Can patient population be identified in existing datasets?

Are required data variables captured in existing datasets?

Y

Case control Cohort Cross-sectional Case control Cohort Cross-sectional

Hybrid

N

N

Is randomisation necessary?

Y

Pragmatic trial

Select database/
methodology
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N

a

Other prospective observational study

Electronic health/medical records

Patient portal data

Administrative data

Payer claims data (primarily US) 

Lab test results databases

National registries

Consumer/employee/social data

RWE: non-interventional/observational 
(retrospective or prospective)

Are the data of interest recorded in routine practice? 

Secondary data analysis 
(use an existing dataset)

Primary data collection 
(collect/create a new dataset)

PROCEED WITH STUDY DESIGN/PROTOCOL IN CONSULTATION WITH RWE TEAM

$ $ +

Fig. 3   a RWE Framework flow diagram. Interactive RWE Framework is available online: https​://rwefr​amewo​rk.com/. b RWE Framework instructions

https://rweframework.com/
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Fig. 3   (continued)
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Framework flow diagram, key terms, and definitions and 
checklists are shown in Fig. 3b.

The RWE professionals generally provided positive feed-
back on the value of the conceptual RWE Framework and its 
ease of use. Their feedback was used to refine the flow and 
sequence of the framework components, including the start-
ing point and next steps in the flow, and to include additional 
steps in the framework. Other implemented recommenda-
tions included labeling the stages of the framework, list-
ing items under key steps (e.g., types of outcomes of inter-
est), including terminology descriptions in the supporting 
information, and improving infographic design (e.g., use of 
icons).

3.3 � Pilot Testing: Case Studies

The RWE Framework was used to inform the design of 
potential studies to address unmet needs associated with 
three Mundipharma assets (Table 1). These included an oral 
antidiabetic medication for which European data regarding 
real-world effectiveness and outcomes were lacking. The 
second asset was a portable, non-opioid analgesic inhaler 
for moderate-to-severe trauma pain, which was launched 
recently in Europe and required evidence regarding out-
comes and the impact of the product on healthcare resource 
utilization in real-world settings. The third asset was an 
asthma inhaler for which real-world effectiveness data 
are required while maintaining some control over patient 
selection.

The challenges associated with these assets resulted in 
distinct research objectives and outcomes of interest being 
identified in the first steps of the RWE Framework (Table 1). 
Based on the data available to address these research objec-
tives, the RWE Framework identified several potential 
real-world studies of differing designs. RWE Framework 
use resulted in two studies being conducted to investigate 
the impact of the non-opioid analgesic inhaler on health-
care resource utilization. The first was a retrospective, non-
interventional study of hospital chart data from patients with 
musculoskeletal trauma injuries to assess time frames for 
analgesia, and the second was a prospective cohort study 
to assess pain treatment effectiveness and hospital resource 
use [29, 30]. Study designs identified to address the unmet 
needs of the other two Mundipharma assets included a ret-
rospective, cohort, non-interventional study using data from 
electronic health/medical records or national registries and a 
pragmatic trial and retrospective, cohort, non-interventional 
study using data from electronic health/medical records 
(Table 1).

Based on input from the pilot testing, several refinements 
to the RWE Framework were made including changes to 
terminology, further instructions to indicate when to con-
sult clinical versus RWE teams, along with expanded Ta
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instructions capturing definitions and additional resources. 
Following these refinements, the interactive RWE Frame-
work along with instructions and resources was made avail-
able online (https​://rwefr​amewo​rk.com/).

4 � Discussion

RWE can provide important insight into the effects of an 
intervention beyond the usual scope of traditional RCTs. For 
example, real-world studies may capture outcomes from a 
broad range of patients and clinical practice conditions and 
provide insight into long-term clinical benefits, rare adverse 
events, patient experience, and healthcare resource utiliza-
tion that may not be available at product launch. RWE can 
also play an important role in decision-making by organi-
zations conducting medical research and development. For 
instance, consideration of RWE can enhance clinical trial 
planning and clinical development strategy compared with 
traditional RCT data alone [31]. RWE can also be useful 
to evaluate existing medicines beyond the efficacy and 
safety outcomes reported in traditional RCTs and address 
post-approval health technology assessment or reimburse-
ment requirements [32]. Moreover, RWE can assist patients 
themselves to make informed decisions, for example, gain-
ing insight into factors that may impact outcomes of differ-
ent cancer treatments [4, 24]. However, selecting the opti-
mal design for a real-world study can present challenges to 
researchers due in part to the wide range of potential study 
types, diverse data sources of varying quality, and the need 
for multidisciplinary expertise. Here, we describe the newly 
developed RWE Framework, which was created to assist 
researchers to design robust real-world studies.

Our novel, holistic tool aimed to define the objectives and 
outcomes of interest for RWE and determine the appropri-
ate study design to meet the research aims. It informs the 
design of a broad range of RWE studies from retrospective 
and prospective observational studies with case-control, 
cohort, and cross-sectional designs to pragmatic randomized 
trials in which data are collected prospectively in diverse 
study populations and settings. To our knowledge, the RWE 
Framework is the first concise, visual, interactive RWE study 
design tool based on sequential decision steps that considers 
research objective(s), product development status, outcomes 
of interest, data availability in routine practice, study set-
ting, need for primary data collection and randomization, 
and applicable regulatory standards. Our search of the pub-
lished literature and websites from relevant professional 
organizations, government institutions, and public-private 
partnerships revealed no comparable visual, real-world 
study design tools to the RWE Framework. The utility of 
the RWE Framework was demonstrated in a team envi-
ronment by pilot testing across therapeutic settings (pain, 

asthma, and diabetes) with differing unmet RWE needs. Dur-
ing this process, the step-wise questions facilitated discus-
sions among individuals with diverse RWE expertise. This 
enabled research objectives and outcomes of interest to be 
aligned across the multidisciplinary group, and, based on the 
identified data sets, resulted in a variety of potential study 
designs. These included a pragmatic trial to demonstrate 
the real-world effectiveness of a recently launched asthma 
inhaler and a prospective cohort study of a portable non-opi-
oid inhaler for trauma pain to assess its impact on healthcare 
resource utilization. Based on this pilot testing experience, 
we believe the RWE Framework has the potential to enhance 
RWE capabilities by facilitating communication and col-
laboration among multidisciplinary teams and help to align 
individuals toward common goals. An online version of this 
tool is available at https​://rwefr​amewo​rk.com/.

RWE is anticipated to play an increasing role in inform-
ing clinical development planning and decisions that impact 
patients’ access to medicines [31, 33]. Indeed, recent guid-
ance from the US Food and Drug Administration (FDA) 
discusses the possibility of using real-world data to evaluate 
the safety and effectiveness of new medical devices as well 
as a multifaceted framework to optimize the utility of RWE 
to help support regulatory decision-making for drugs and 
biologic products [21, 34]. Furthermore, the Adaptive Path-
ways approach of the European Medicines Agency (EMA) 
to license new interventions in settings of high unmet needs 
may consider RWE to supplement clinical trial data [35]. 
Consequently, it is not surprising that there is a growing 
call for pharmaceutical companies to utilize the full value 
of real-world data throughout a product’s lifecycle [13, 20, 
25, 36, 37]. Steps must be taken to ensure that the challenges 
associated with RWE, such as potential bias due to lack of 
randomization, representativeness of data based on the data 
sources analyzed, and criticisms pertaining to multiplicity 
of studies and conflicting results, are addressed [23, 38]. 
High-quality data are a key element of study design to gener-
ate credible RWE, and variations in the recording and com-
pleteness of clinical narratives in electronic health records 
and other relevant data sources can be challenging. Data 
must be cleaned, harmonized, and linked to fill in gaps and 
include relevant end points, all of which require careful con-
sideration when designing a study [10]. The joint ISPOR-
ISPE Special Task Force, one of the resources included in 
the RWE Framework (Fig. 3b), has provided guidance to 
enhance confidence in evidence derived from real-world 
studies, focusing on transparency and replicability. Factors 
that should be considered during study design include estab-
lishing whether the study is exploratory or testing a specific 
hypothesis and for the latter publicly disclosing the study 
protocol and analysis plan [22]. This underscores the impor-
tance of well-designed real-world studies and the potential 
utility of study design tools to facilitate the generation of 

https://rweframework.com/
https://rweframework.com/
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robust RWE to support healthcare decision-makers and to 
eliminate personal biases when studies are designed.

The RWE Framework is associated with some limita-
tions. Its use as a study design tool requires some knowl-
edge of study design, and users may be required to refer to 
external resources referred to in RWE Framework (Fig. 3b) 
and consult colleagues with particular expertise to address 
some of the questions in the flow chart, such as those around 
data quality. Furthermore, as the RWE Framework aims to 
provide a concise tool to inform decision processes, not all 
study design considerations can be captured, as is the case 
with any framework. Consequently, the design of potential 
studies initially identified using this tool should be refined 
in consultation with a RWE expert team, as is suggested 
in the RWE Framework flowchart. In addition to the data 
quality considerations mentioned above, other points that 
researchers may wish to address when finalizing the design 
of studies indicated by the RWE Framework may include 
(but are not limited to) statistical power, which may be par-
ticularly relevant for limited data sets such as new treatments 
and rare diseases, the impact of patient attrition if long-term 
outcomes are being assessed, and potential sources of bias 
or confounding factors and how these may be overcome or 
addressed when interpreting study outcomes. While the 
RWE Framework may be suitable for use by a broader range 
of medical researchers, it was developed with guidance from 
multidiscipline experts in RWE from the pharmaceutical and 
healthcare consulting industries. Input from other stakehold-
ers including academic groups and regulatory and health 
technology assessment agencies was not obtained. Finally, 
while pilot testing of the RWE Framework was conducted to 
address a range of unmet RWE needs across differing phar-
maceutical assets, it is feasible that there may be additional 
study design considerations unique to particular indications. 
Consequently, future development of geographical region-
specific and/or therapy area-specific versions of the RWE 
Framework may be warranted.

5 � Conclusions

The RWE Framework is a novel, visual, and concise study 
design tool that was developed to address an unmet need 
for an easy-to-follow, interactive aid that can replace ad hoc 
RWE study planning processes. Holistic in nature, the RWE 
Framework informs the design of a broad range of real-world 
study types in order to address a variety of research objec-
tives and outcomes of interest, and it has demonstrated 
utility for study planning in team environments. The RWE 
Framework may complement the use of additional resources 
including knowledge regarding the product and/or therapy 
area when planning RWE studies. Further validation is 
required to ascertain how this tool can enhance collaborative 

decision-making by the multidisciplinary RWE stakeholders 
regarding study design.

Acknowledgements  The authors thank William Dunlop, Stephen 
Crawford, Peter Wahl, Jane Erickson, Andrew Cooper, and James Fet-
tiplace for their feedback on the content of this research as well as 
Viviana Hernandez for infographic design support. The authors also 
thank the employees of Mundipharma who participated in the work-
shops that pilot tested the RWE Framework. Medical writing support 
was provided by Siân Marshall of SIANTIFIX Ltd., Cambridge, UK, 
funded by Mundipharma International Limited.

Compliance with Ethical Standards 

Funding  This study was supported by Mundipharma International Ltd.

Conflict of interest  MH is an employee of Mundibiopharma Interna-
tional Ltd. AX was an employee of Mundibiopharma Ltd. at the time 
of the content and manuscript development. AS and CS are employ-
ees of Covance Market Access Services, which received funding from 
Mundipharma to conduct this research. EJ is an employee of Covance 
Phase IV Solutions, which received funding from Mundipharma to 
conduct this research. The authors report no further potential conflicts 
of interest.

Open Access  This article is distributed under the terms of the Crea-
tive Commons Attribution-NonCommercial 4.0 International License 
(http://creat​iveco​mmons​.org/licen​ses/by-nc/4.0/), which permits any 
noncommercial use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons license, and indicate 
if changes were made.

References

	 1.	 Katkade VB, Sanders KN, Zou KH. Real world data: an oppor-
tunity to supplement existing evidence for the use of long-estab-
lished medicines in health care decision making. J Multidiscip 
Healthc. 2018;11:295–304. https​://doi.org/10.2147/JMDH.S1600​
29.

	 2.	 Dhruva SS, Ross JS, Desai NR. Real-world evidence: prom-
ise and peril for medical product evaluation. Pharm Ther. 
2018;43(8):464–72.

	 3.	 Kennedy-Martin T, Curtis S, Faries D, Robinson S, Johnston J. 
A literature review on the representativeness of randomized con-
trolled trial samples and implications for the external validity of 
trial results. Trials. 2015;16:495. https​://doi.org/10.1186/s1306​
3-015-1023-4.

	 4.	 Khozin S, Carson KR, Zhi J, Tucker M, Lee SE, Light DE, et al. 
Real-world outcomes of patients with metastatic non-small cell 
lung cancer treated with programmed cell death protein 1 inhibi-
tors in the year following U.S. regulatory approval. Oncologist. 
2018;23:1–9. https​://doi.org/10.1634/theon​colog​ist.2018-0307.

	 5.	 Carls GS, Tuttle E, Tan RD, Huynh J, Yee J, Edelman SV, et al. 
Understanding the gap between efficacy in randomized con-
trolled trials and effectiveness in real-world use of GLP-1 RA 
and DPP-4 therapies in patients with type 2 diabetes. Diabetes 
Care. 2017;40(11):1469–78. https​://doi.org/10.2337/dc16-2725.

	 6.	 Makady A, Stegenga H, Ciaglia A, Debray TP, Lees M, Hap-
pich M, et al. Practical implications of using real-world evidence 
(RWE) in comparative effectiveness research: learnings from 

http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.2147/JMDH.S160029
https://doi.org/10.2147/JMDH.S160029
https://doi.org/10.1186/s13063-015-1023-4
https://doi.org/10.1186/s13063-015-1023-4
https://doi.org/10.1634/theoncologist.2018-0307
https://doi.org/10.2337/dc16-2725


203Real-World Evidence Study Design Tool

IMI-GetReal. J Comp Eff Res. 2017;6(6):485–90. https​://doi.
org/10.2217/cer-2017-0044.

	 7.	 Xu H, Aldrich MC, Chen Q, Liu H, Peterson NB, Dai Q, et al. Val-
idating drug repurposing signals using electronic health records: 
a case study of metformin associated with reduced cancer mor-
tality. J Am Med Inform Assoc. 2015;22(1):179–91. https​://doi.
org/10.1136/amiaj​nl-2014-00264​9.

	 8.	 Brilliant MH, Vaziri K, Connor TB Jr, Schwartz SG, Carroll JJ, 
McCarty CA, et al. Mining retrospective data for virtual prospec-
tive drug repurposing: l-DOPA and age-related macular degen-
eration. Am J Med. 2016;129(3):292–8. https​://doi.org/10.1016/j.
amjme​d.2015.10.015.

	 9.	 Briere JB, Bowrin K, Taieb V, Millier A, Toumi M, Coleman 
C. Meta-analyses using real-world data to generate clinical and 
epidemiological evidence: a systematic literature review of exist-
ing recommendations. Curr Med Res Opin. 2018. https​://doi.
org/10.1080/03007​995.2018.15247​51.

	10.	 Miksad RA, Abernethy AP. Harnessing the power of real-world 
evidence (RWE): a checklist to ensure regulatory-grade data 
quality. Clin Pharmacol Ther. 2018;103(2):202–5. https​://doi.
org/10.1002/cpt.946.

	11.	 Loudon K, Treweek S, Sullivan F, Donnan P, Thorpe KE, Zwaren-
stein M. The PRECIS-2 tool: designing trials that are fit for pur-
pose. BMJ. 2015;350:h2147. https​://doi.org/10.1136/bmj.h2147​.

	12.	 Motheral B, Brooks J, Clark MA, Crown WH, Davey P, Hutchins 
D, et al. A checklist for retrospective database studies: report of 
the ISPOR task force on retrospective databases. Value Health. 
2003;6(2):90–7. https​://doi.org/10.1046/j.1524-4733.2003.00242​
.x.

	13.	 Association of the British Pharmaceutical Industry. Demonstrating 
value with real world data: a practical guide. 2011. http://www.
abpi.org.uk/media​/1591/2011-06-13-abpi-guida​nce-demon​strat​
ing-value​-with-real-world​-data.pdf. Accessed 18 Oct 2019.

	14.	 DGI Center for Health Research and Education, LLC. Bridge to 
data interactive map. https​://www.bridg​etoda​ta.org/map. Accessed 
18 Oct 2019.

	15.	 Richardson WS, Wilson MC, Nishikawa J, Hayward RS. The well-
built clinical question: a key to evidence-based decisions. ACP J 
Club. 1995;123(3):A12–3.

	16.	 Berger ML, Sox H, Willke RJ, Brixner DL, Eichler HG, Goettsch 
W, et al. Good practices for real-world data studies of treatment 
and/or comparative effectiveness: recommendations from the joint 
ISPOR-ISPE special task force on real-world evidence in health 
care decision making. Value Health. 2017;20(8):1003–8. https​://
doi.org/10.1016/j.jval.2017.08.3019.

	17.	 UMC Utrecht. GetReal. https​://www.imi-getre​al.eu/. Accessed 18 
Oct 2019.

	18.	 Jarow JP, LaVange L, Woodcock J. Multidimensional evidence 
generation and FDA regulatory decision making: defining and 
using “real-world” data. JAMA. 2017;318(8):703–4. https​://doi.
org/10.1001/jama.2017.9991.

	19.	 Stegenga H, Chambers M, Jonsson P, Thwaites R, Garner S. A 
framework to guide the use of real-world evidence to support eval-
uation of relative effectiveness of new medicines. Value Health. 
2016;19(7):A488.

	20.	 Epstein RS, Sidorov J, Lehner JP, Salimi T. Integrating scientific 
and real-world evidence within and beyond the drug develop-
ment process. J Comp Eff Res. 2012;1(1 Suppl):9–13. https​://doi.
org/10.2217/cer.11.3.

	21.	 US Food and Drug Administration. Use of real-world evidence 
to support regulatory decision-making for medical devices. 2017. 
https​://www.fda.gov/downl​oads/medic​aldev​ices/devic​eregu​latio​
nandg​uidan​ce/guida​ncedo​cumen​ts/ucm51​3027.pdf. Accessed 18 
Oct 2019.

	22.	 Berger ML, Sox H, Willke RJ, Brixner DL, Eichler HG, Goettsch 
W, et al. Good practices for real-world data studies of treatment 

and/or comparative effectiveness: recommendations from the 
joint ISPOR-ISPE Special Task Force on real-world evidence 
in health care decision making. Pharmacoepidemiol Drug Saf. 
2017;26(9):1033–9. https​://doi.org/10.1002/pds.4297.

	23.	 Greenfield S. Making real-world evidence more useful for deci-
sion making. Value Health. 2017;20(8):1023–4. https​://doi.
org/10.1016/j.jval.2017.08.3012.

	24.	 Network for Excellence in Health Innovation. Real world evi-
dence: a new era for healthcare innovation. 2015. https​://www.
nehi.net/writa​ble/publi​catio​n_files​/file/rwe_issue​_brief​_final​.pdf. 
Accessed 18 Oct 2019.

	25.	 Association of the British Pharmaceutical Industry. The vision 
for real world data: harnessing the opportunities in the UK. 2011. 
http://www.abpi.org.uk/media​/1378/visio​n-for-real-world​-data.
pdf. Accessed 18 Oct 2019.

	26.	 Cave A. What are the real-world evidence tools and how can they 
support decision making? EMA-EuropaBio Info Day 22 Novem-
ber 2016. http://www.ema.europ​a.eu/docs/en_GB/docum​ent_libra​
ry/Prese​ntati​on/2016/12/WC500​21773​2.pdf. Accessed 18 Oct 
2019.

	27.	 GetReal. Sure-Real Tool. https​://www.imi-getre​al.eu/Tools​/Sure-
Real. Accessed 18 Oct 2019.

	28.	 Garner S, Thwaites R, Jonsson P, Chambers M, Stengenga H, 
Ahsan A, et al. RWE navigator. 2017. https​://rwe-navig​ator.eu/
homep​age/about​/. Accessed 18 Oct 2019.

	29.	 Xia AD, Dickerson SL, Watson A, Nokela M, Colman S, Szende 
A. Evaluation of pain relief treatment and timelines in emergency 
care in six European countries and Australia. Open Access Emerg 
Med. 2019;11:229–40. https​://doi.org/10.2147/OAEM.S2143​96.

	30.	 Fabbri A, Carpinteri G, Ruggiano G, Bonafede E, Sblendido 
A, Farina A, et al. Methoxyflurane versus standard of care for 
acute trauma-related pain in the emergency setting: protocol for 
a randomised, controlled study in Italy (MEDITA). Adv Ther. 
2019;36(1):244–56. https​://doi.org/10.1007/s1232​5-018-0830-x.

	31.	 Martina R, Jenkins D, Bujkiewicz S, Dequen P, Abrams K, Get-
Real W. The inclusion of real world evidence in clinical develop-
ment planning. Trials. 2018;19(1):468. https​://doi.org/10.1186/
s1306​3-018-2769-2.

	32.	 Dunlop WC, Mullins CD, Pirk O, Goeree R, Postma MJ, Enstone 
A, et al. BEACON: A summary framework to overcome potential 
reimbursement hurdles. Pharmacoeconomics. 2016;34(10):1051–
65. https​://doi.org/10.1007/s4027​3-016-0427-7.

	33.	 Dreyer NA. Advancing a framework for regulatory use of real-
world evidence: when real Is reliable. Ther Innov Regul Sci. 
2018;52(3):362–8. https​://doi.org/10.1177/21684​79018​76359​1.

	34.	 US Food and Drug Administration. Framework for FDA’s real-
world evidence program. 2018. https​://www.fda.gov/scien​ce-resea​
rch/scien​ce-and-resea​rch-speci​al-topic​s/real-world​-evide​nce. 
Accessed 18 Oct 2019.

	35.	 European Medicines Agency. Adaptive pathways. 2015. https​://
www.ema.europ​a.eu/human​-regul​atory​/resea​rch-devel​opmen​t/
adapt​ive-pathw​ays. Accessed 18 Oct 2019.

	36.	 Khosla S, White R, Medina J, Ouwens M, Emmas C, Koder T, 
et al. Real world evidence (RWE): a disruptive innovation or 
the quiet evolution of medical evidence generation? F1000Res. 
2018;7:111. https​://doi.org/10.12688​/f1000​resea​rch.13585​.2.

	37.	 Berger M, Overhage M, Daniel G, Platt R, Frank K, Romine M 
et al. A framework for regulatory use of real-world evidence. 
Duke Margolis Center for Health Policy. https​://healt​hpoli​cy.duke.
edu/sites​/defau​lt/files​/atoms​/files​/rwe_white​_paper​_2017.09.06.
pdf. Accessed Oct 2019.

	38.	 White R. Building trust in real-world evidence and comparative 
effectiveness research: the need for transparency. J Comp Eff Res. 
2017;6(1):5–7. https​://doi.org/10.2217/cer-2016-0070.

https://doi.org/10.2217/cer-2017-0044
https://doi.org/10.2217/cer-2017-0044
https://doi.org/10.1136/amiajnl-2014-002649
https://doi.org/10.1136/amiajnl-2014-002649
https://doi.org/10.1016/j.amjmed.2015.10.015
https://doi.org/10.1016/j.amjmed.2015.10.015
https://doi.org/10.1080/03007995.2018.1524751
https://doi.org/10.1080/03007995.2018.1524751
https://doi.org/10.1002/cpt.946
https://doi.org/10.1002/cpt.946
https://doi.org/10.1136/bmj.h2147
https://doi.org/10.1046/j.1524-4733.2003.00242.x
https://doi.org/10.1046/j.1524-4733.2003.00242.x
http://www.abpi.org.uk/media/1591/2011-06-13-abpi-guidance-demonstrating-value-with-real-world-data.pdf
http://www.abpi.org.uk/media/1591/2011-06-13-abpi-guidance-demonstrating-value-with-real-world-data.pdf
http://www.abpi.org.uk/media/1591/2011-06-13-abpi-guidance-demonstrating-value-with-real-world-data.pdf
https://www.bridgetodata.org/map
https://doi.org/10.1016/j.jval.2017.08.3019
https://doi.org/10.1016/j.jval.2017.08.3019
https://www.imi-getreal.eu/
https://doi.org/10.1001/jama.2017.9991
https://doi.org/10.1001/jama.2017.9991
https://doi.org/10.2217/cer.11.3
https://doi.org/10.2217/cer.11.3
https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm513027.pdf
https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm513027.pdf
https://doi.org/10.1002/pds.4297
https://doi.org/10.1016/j.jval.2017.08.3012
https://doi.org/10.1016/j.jval.2017.08.3012
https://www.nehi.net/writable/publication_files/file/rwe_issue_brief_final.pdf
https://www.nehi.net/writable/publication_files/file/rwe_issue_brief_final.pdf
http://www.abpi.org.uk/media/1378/vision-for-real-world-data.pdf
http://www.abpi.org.uk/media/1378/vision-for-real-world-data.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Presentation/2016/12/WC500217732.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Presentation/2016/12/WC500217732.pdf
https://www.imi-getreal.eu/Tools/Sure-Real
https://www.imi-getreal.eu/Tools/Sure-Real
https://rwe-navigator.eu/homepage/about/
https://rwe-navigator.eu/homepage/about/
https://doi.org/10.2147/OAEM.S214396
https://doi.org/10.1007/s12325-018-0830-x
https://doi.org/10.1186/s13063-018-2769-2
https://doi.org/10.1186/s13063-018-2769-2
https://doi.org/10.1007/s40273-016-0427-7
https://doi.org/10.1177/2168479018763591
https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence
https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence
https://www.ema.europa.eu/human-regulatory/research-development/adaptive-pathways
https://www.ema.europa.eu/human-regulatory/research-development/adaptive-pathways
https://www.ema.europa.eu/human-regulatory/research-development/adaptive-pathways
https://doi.org/10.12688/f1000research.13585.2
https://healthpolicy.duke.edu/sites/default/files/atoms/files/rwe_white_paper_2017.09.06.pdf
https://healthpolicy.duke.edu/sites/default/files/atoms/files/rwe_white_paper_2017.09.06.pdf
https://healthpolicy.duke.edu/sites/default/files/atoms/files/rwe_white_paper_2017.09.06.pdf
https://doi.org/10.2217/cer-2016-0070

	RWE Framework: An Interactive Visual Tool to Support a Real-World Evidence Study Design
	Abstract
	Objectives 
	Methods 
	Results 
	Conclusions 

	1 Introduction
	2 Methods
	2.1 Literature Review
	2.2 Development of the RWE Framework
	2.3 Pilot Testing of the RWE Framework

	3 Results
	3.1 Literature Review
	3.2 RWE Framework Development
	3.3 Pilot Testing: Case Studies

	4 Discussion
	5 Conclusions
	Acknowledgements 
	References




