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FRAME: Framework for Real- World 
Evidence Assessment to Mitigate Evidence 
Uncertainties for Efficacy/Effectiveness –  
An Evaluation of Regulatory and Health 
Technology Assessment Decision Making
Gianmario Candore1,* , Claire Martin1, Mack J. Mills2,3, Annabel Suter4 , Anna Lloyd4 ,  
Danitza Chavez- Montoya2, Diego Civitelli2, Birgit Wolf1, Paul Bolot1,5 , Juergen Wasem6 ,  
Montse Soriano Gabarró1 , Panos G. Kanavos2 and Mark Sculpher7

Real- World Evidence (RWE) is increasingly used in submissions to regulatory agencies and health technology 
assessment bodies (HTAbs) to support the efficacy and effectiveness of new medicines and indications. However, there 
is limited information on the RWE characteristics that impact its role in approval and reimbursement decisions. To 
investigate these characteristics, we developed FRAME: a Framework for Real- world evidence Assessment to Mitigate 
Evidence uncertainties for efficacy/effectiveness. We compiled a list of medicinal product indications where RWE 
supported the efficacy of interventional trials or assessed effectiveness in observational settings. FRAME was applied 
to a prioritized subset of these submissions to authorities from North America, Europe, and Australia. For each product 
indication, we extracted information on characteristics describing the submission, clinical context, strength of evidence, 
and process factors from publicly available assessment reports. Of the 87 identified medicinal product indications, 
15 were prioritized, covering 68 submissions and 76 RWE studies across 11 authorities in scope. Four main results 
emerged: (i) low granularity within assessment reports on the analyzed variables, limiting the learnings from analyzing 
them; (ii) variability in how RWE was assessed within and across regulatory agencies and HTAbs; (iii) a positive 
association between the proportion of positive comments from authorities on RWE studies and their impact on decision 
making. Particularly, a large effect size was consistently noted when RWE was considered primary evidence; and (iv) 
limited use of advanced RWE study designs. These findings support five recommendations to enhance shared learning 
on RWE, clarify its evidentiary value, and generate evidence to better support authorities’ decision making.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
	; Real- World Evidence (RWE) is increasingly used in approval 

and reimbursement submissions. However, knowledge is lack-
ing on the characteristics of RWE to support efficacy and ef-
fectiveness claims that impact its role in approval and funding 
decisions.
WHAT QUESTION DID THIS STUDY ADDRESS?
	;Which characteristics of RWE used to support efficacy/ef-

fectiveness claims impact regulatory and Health Technology 
Assessment body decision making in North America, Europe, 
and Australia?

WHAT DOES THIS STUDY ADD TO OUR 
KNOWLEDGE?
	; This study systematically identified and analyzed a compre-

hensive set of characteristics describing the use and consideration 
of RWE regarding efficacy/effectiveness claims in authority deci-
sion making. We examined a wide range of products in multiple 
therapeutic areas, spanning numerous authorities and regions.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?
	; The research results may facilitate multi- stakeholder dia-

logue and inform actions aimed at improving shared learning 
on RWE, clarifying its evidentiary value, and facilitating the 
generation of evidence that better meets authorities’ needs.
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Real- World Evidence (RWE) is recognized as an important com-
ponent of the totality of evidence for medicinal products.1–8 It is 
increasingly used in submissions to regulatory agencies and health 
technology assessment bodies (HTAb) (hereafter, collectively, au-
thorities) to support the approval and funding of new medicines 
and indications.9–13

Recognizing RWE’s increasing importance, several authorities 
have developed strategies, frameworks, guidance and pilot pro-
grammes on its use to support their evidentiary needs. In 2018 
the US Food and Drug Administration (FDA) developed a frame-
work for evaluating the potential use of RWE and, as part of it, 
in 2022 launched the FDA Advancing RWE Program.14,15 The 
European Medicines Agency (EMA) and the European Medicines 
Regulatory Network have also established a framework to enable 
better integration of RWE into regulatory decisions.16–18 In ad-
dition, HTAbs, including England’s National Institute for Health 
and Care Excellence (NICE), France’s Haute Autorité de Santé 
(HAS) and Canada’s Drug Agency (CDA- AMC) have established 
RWE framework and guidance.4,5,19

Whilst RWE has long been used in post- marketing safety evalu-
ation and in characterizing disease epidemiology, it has been used 
less often to inform authorities’ decision making around efficacy or 
effectiveness. Therefore, details are scarcer about how authorities 
consider RWE for such decision making. To fully harness the op-
portunity for RWE in this area, there is a need for a more granular 
understanding of the characteristics that impact its acceptability 
and use. This could increase predictability and consistency of in-
terpretation, facilitating harmonization efforts across authorities. 
In turn, this could contribute to making evidence generation more 
efficient, enhancing patient access to medicines.

A growing base of literature has quantified the use of RWE for 
efficacy/effectiveness evaluations and the role it played in those 
decisions.9,11,12,20–24 However, to our knowledge, no systematic in-
vestigation has identified a comprehensive set of characteristics and 
examined how these are considered in authority decision making 
across multiple products, therapeutic areas, study designs, and au-
thorities. To address this gap, we developed FRAME: a Framework 
for Real- world evidence Assessment to Mitigate Evidence uncer-
tainties for efficacy/effectiveness. The methodological framework 
consists of four steps (Figure S1): (i) identify the characteristics 
that could impact the consideration of RWE in authorities’ deci-
sion making; (ii) establish a consistent and reproducible process 
for extracting and analyzing information related to each of these 
characteristics; (iii) extract and categorize the information, and 
(iv) analyze it using both qualitative and quantitative methods.

We implemented FRAME on publicly available assessment 
reports from a subset of submissions from authorities in North 
America, Europe and Australia in order to:

• Summarize the decision context and intended purpose of the 
RWE.

• Describe the assessment reports’ level of granularity.
• Investigate convergences and divergences in how RWE was con-

sidered across authorities, and
• Examine which characteristics might be associated with an in-

creasing role of RWE in decision making.

By taking a holistic approach to this multi- factorial research 
question, we seek to support the identification of, and create multi- 
stakeholder dialogue on, the optimal approaches that align with 
authorities’ needs and increase confidence in the use of RWE to 
support efficacy/effectiveness.

MATERIALS AND METHODS
Authorities in scope
Five regulatory agencies and six HTAb in North America, Europe, and 
Australia were included to provide additional insights on the generaliz-
ability of results and on the consistency across authorities. Authorities 
were selected based on the public availability of their assessment reports 
and the language these were written in (English, German and French).

We included the following regulatory agencies: EMA (European 
Union), Medicines and Healthcare products Regulatory Agency (MHRA; 
UK), FDA (USA), Health Canada (HC; Canada), and Therapeutic 
Goods Administration (TGA; Australia). Where possible, HTAbs 
were chosen to correspond with the regulatory agencies: Federal Joint 
Committee (G- BA; Germany), HAS (France), NICE (England), Institute 
for Clinical and Economic Review (ICER; USA), CDA- AMC (Canada) 
and Pharmaceutical Benefits Advisory Committee (PBAC; Australia).

Identification of product indications: Search and 
prioritization strategy
We conducted a two- stage search and prioritization strategy (Figure S2).

Stage 1: Search – We compiled an extensive list of medicinal product 
indication (hereafter product) submissions that included RWE to support 
the efficacy of interventional trials or assess effectiveness in observational 
settings. Sources included publications on the use of RWE in authority de-
cisions identified through a targeted review,11,20–24 gray literature includ-
ing presentations from authorities,25 and case studies from relevant data/
technology companies.26,27

Stage 2: Prioritization – For the identified submissions, we screened 
authorities’ assessment reports to confirm the use of RWE for efficacy/
effectiveness and gather additional information to determine which to pri-
oritize for in- depth review.

For the prioritization, the following was considered:

• Select submissions dated between January 2017 and June 2024 
to ref lect the period associated with increasing interest around 
RWE.

• Identify at least one submission per authority in scope, and to enable 
comparisons, prioritize products assessed by multiple authorities.

• Include both submissions with a positive and negative opinion, as 
well as where RWE contributed to decision making and where it did 
not.

• Ensure a balanced range of values across the following factors that 
could impact the contribution of RWE to authority decisions: (i) 
types of application (new Marketing Authorisation Applications—
MAA, Extension of Indication—EoI), (ii) therapeutic area, (iii) or-
phan designation, (iv) rarity, and (v) study design.

Regarding the study designs, we classified them following the FDA 
guidance28 and corresponding literature.29–31 This led to consider the fol-
lowing spectrum: Randomized Controlled Trials (RCT) that use RWD 
(shortened to RCT with RWD); Single- Arm Trials (SAT) analyzed with 
an external control arm that relies on RWD (SAT contextualized); and ob-
servational studies.

Characteristics identified and analyzed in each submission 
(step 1 of FRAME)
We identified relevant submission characteristics and then divided them 
into two sets of variables.
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The first set characterized the submission and type of RWE, including 
information such as indication, dates, procedural pathway, study design, 
and data source (43 variables; Table S1).

The second set, representing the core of our analysis, included the 
RWE’s role in authority decisions, and the characteristics that could have 
impacted it. These latter variables (30 variables; Figure 1, Table S2) were 
determined based on an analysis of authorities’ guidance, publicly avail-
able case studies from FDA, literature on best practice for generating high- 
quality RWE32–35 and the authors’ experience. They can be grouped into 
three areas:

• Clinical context (12 variables): these describe circumstances that 
align with authority considerations for more flexibility in eviden-
tiary approach and tolerance of uncertainty, such as disease severity, 
unmet need, or RCTs’ ethical or feasibility challenges.

• Strength of evidence (16 variables): these include characteristics of 
the different evidence sources: pre- clinical, clinical interventional, 
and non- interventional studies. The focus was on the latter, for 
which a detailed list of 13 attributes was compiled. These were cat-
egorized as follows: data source32 (5 variables), study design33–35 (7 
variables), and treatment effect size (1 variable).

• Process (2 variables): these capture clear procedural recommenda-
tions from authorities.

The three areas can be conceptualized as a continuum of appli-
cant control. Clinical context encompasses factors that sponsors have 
limited to no control over (e.g., condition severity). Process refers to 
factors over which the sponsor does have control (e.g., early interac-
tion with the authority). Strength of evidence includes both sponsor- 
independent (e.g., data availability) and sponsor- dependent (e.g., study 
design) elements.

Methods for variable extraction and categorization  
(steps 2 and 3 of FRAME)
We developed a standardized data extraction form to capture relevant in-
formation about the identified variables from authorities’ publicly avail-
able assessment reports (Table S3). For each HTAb, data were extracted 
solely from the final recommendation reports, rather than also includ-
ing sources like clinical or economic assessment reports and committee 

papers. This was to provide an accurate reflection of the key factors men-
tioned in the final decision.

To increase the consistency and reproducibility of data extraction, we 
created detailed definitions for each variable that may have impacted the 
role of RWE in decision making (Figure 1, definitions available in Table 
S2). In addition, the information extracted was summarized into catego-
ries. For the overall role of RWE, these were: primary, supportive, neutral/
unclear, discussed and not used, or not addressed. To note that an RWE 
study could be primary or supportive to either a positive or negative over-
all outcome for the product submission. The variables that may have im-
pacted the RWE’s role were summarized with a positive (+), mixed (~), 
or negative (−) value. Detailed definitions were also created for each of 
these categories (Table S2); examples of their application can be found in  
Table S4.

A minimum of two independent researchers systematically reviewed 
the authorities’ reports to extract quotes and assign summary values. Any 
disagreement over the extracted quotes and their categorization was re-
solved through discussion with a panel of at least three independent 
reviewers.

Analysis (step 4 of FRAME)
Data extracted were analyzed both qualitatively and quantitatively. 
The qualitative analysis aimed to create case studies, identify common 
RWE themes, and highlight areas of convergence or divergence between 
authorities.

The quantitative analysis characterized the submission with focus 
on the RWE component. For each variable in our framework, we 
calculated the number of times it was addressed in the authorities’ 
assessment reports, along with the distribution of the variable’s cor-
responding summary values (+, ~, −). To investigate patterns in 
authorities’ consideration of RWE, we stratified the proportion of 
summary values (+, ~, −) for each variable by the different catego-
ries of RWE’s role. All analyses were also stratified by authority and 
product. When comparing results across authorities, analyses were 
based on the common subset of products assessed. However, for clar-
ity, only aggregate results including all products assessed by an au-
thority are presented in the results section. Inconsistencies with the 
comparison based on the common subset of products, if any, were 
noted in the text.

Figure 1 Key characteristics identified through FRAME which could impact authorities’ decision making on RWE for efficacy/effectiveness. 
RCT, randomized controlled trial; RWE, real- world evidence.
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RESULTS
Characteristics of the submissions reviewed
The stage 1 search strategy identified 87 products, from which we 
prioritized 15 for detailed review (Table 1, for a detailed charac-
terization Table S5 and Figures S3, S4).

The prioritized products included nine MAAs and six EoIs. 
Seven products had orphan designation from all regulatory agen-
cies, four from at least one agency, and four had none. Oncology 
was the most represented therapeutic area (n = 9), and one product 
was for a non- rare disease.

All products were submitted to at least one of the regulatory 
agencies in scope, while seven were submitted also to at least one 
HTAb.

The 15 products corresponded to a total of 68 submissions 
across authorities, 38 to regulatory agencies, and 30 to HTAbs. 
FDA and EMA had the most submissions (n = 13), while ICER 
(n = 2) and MHRA (n = 1) had the fewest (Figure S4). Nine of 
the 68 submissions were not approved, four by regulators and five 
by HTAb (Table S6).

Characteristics of the RWE studies
Analysis of the 68 assessment reports showed that eight did not ref-
erence an RWE study, despite an indication that such a study had 
been submitted (i.e., one was referenced in other authority reports 
for the same product). This was most common in the HC assess-
ment reports and included the only MHRA submission; therefore, 
no MHRA results are included in subsequent analyses.

The remaining assessment reports revealed a total of 76 RWE 
studies, representing 23 unique studies and covering all three types 
of designs identified by FDA guidance (Figure S5):

• SAT contextualized was the most common design (n = 12), 
primarily used in MAAs (n = 10) and for oncology products 
(n = 9). Most studies employed population- level matching 
(n = 8), while three used naïve comparisons.

• Observational studies (n = 10) were evenly distributed be-
tween EoIs (n = 6) and MAAs (n = 4), as well as between 
oncology (n = 5) and non- oncology products (n = 5). All were 
cohort studies; the majority were non- comparative (n = 8).

• RCT with RWD (n = 1) was included in an EoI for a non- rare 
disease. This represented an RCT linked to registry data pro-
viding information on patient baseline characteristics and 
outcomes.

Most studies relied on secondary data collection (n = 16), partic-
ularly for SAT contextualized, followed by primary data collection 
(n = 4), and both primary and secondary data collection (n = 3).

Granularity of information in public assessment reports
The analysis of the 30 variables identified as potentially impact-
ing the role of RWE in authority decisions (Figure 1) revealed  
heterogeneity across authorities in the types and numbers of  
variables commented on (Figure 2).

On average, FDA and PBAC commented on at least 50% of the 
variables, while TGA, HC, and G- BA commented on less than one 
third.

Clinical context variables were most consistently discussed. On 
average, authorities commented on 49% to 63% of these variables, 
except for G- BA and HC, whose assessment reports included 15% 
and 33%, respectively.

Discussion of Strength of evidence variables varied widely 
among regulators, ranging from 5% (HC) to 71% (FDA). In 
contrast, there was more consistency across HTAbs, with in-
clusion of between 33% (NICE) and 44% (PBAC) of these  
variables.

Discussion of Process variables was below 20% for all authorities 
except PBAC, EMA, and FDA: 33%, 63%, and 81% respectively.

Role of RWE in authority decision making from the 
assessment report
In the sample of submissions analyzed, RWE had a primary role 
in 8 (20%) regulatory and 3 (9%) HTAb assessments, and a sup-
portive role in 19 (46%) and 20 (57%) respectively. There were few 
instances where the contribution of RWE was neutral/unclear, 3 
(7%) and 0 (0%) respectively. RWE was discussed and not used in 9 
(22%) and 12 (34%) cases, and not addressed in 2 (5%) regulatory 
and 0 (0%) HTAb reports (Figure S6).

Nine studies were assessed by at least two regulatory agen-
cies and two HTAbs, enabling comparison across authorities 
(Table 1).

Convergence was observed in the assessment of five of these stud-
ies. For instance, submitted RWE was considered either primary or 
supportive by all six authorities evaluating the two RWE studies 
for atidarsagene autotemcel (Libmeldy), and all but G- BA among 
those assessing the PNCR & NeuroNext studies for onasemnogene 
abeparvovec (Zolgensma). Five authorities considered the RWE 
study for the entrectinib (Rozlytrek) submission inadequate, and 
two did not address it in their reports.

Divergences were also observed. For instance, for avelumab 
(Bavencio), six authorities found RWE supportive, its role was 
unclear for HC, and it was considered inadequate for G- BA and 
HAS. Similarly, while regulatory agencies and NICE considered 
the RWE for lutetium Lu 177 dotatate (Lutathera) supportive, 
HAS and CDA- AMC found it inadequate. The greatest diver-
gence was seen in the assessment of Study 20120148 for blina-
tumomab (Blincyto). EMA, NICE, CDA- AMC, and PBAC 
considered it supportive; its role was unclear in the FDA’s assess-
ment, while HC, G- BA, and TGA found it inadequate or did 
not comment on it.

When comparing assessments in common across authorities, 
some alignment was observed between EMA and FDA, with nine 
out of 13 RWE studies assessed by both agencies as playing similar 
roles in decision making. In contrast, HC showed a higher pro-
portion of assessments where RWE did not impact decisions com-
pared to FDA and EMA.

For HTAbs, a similar profile emerged between HAS and G- 
BA: six RWE studies had comparable roles in decision making, 
while one study was considered supportive by HAS but not men-
tioned by G- BA. Similarities were also observed among NICE, 
CDA- AMC, and PBAC. In contrast, we found divergence be-
tween these groups (HAS and G- BA vs NICE, CDA- AMC, and 
PBAC).
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Qualitative analyses
In this section, we illustrate the type of analyses conducted with 
one relevant example.

Case study: Onasemnogene abeparvovec (Zolgensma). Onasem-
nogene abeparvovec (Zolgensma) first received regulatory 
approval from the FDA in May 2019 for treatment of patients 
<2 years of age with spinal muscular atrophy (SMA) with bi- allelic 
mutations in the survival motor neuron 1 (SMN1) gene. While 
the precise indication varied slightly across authorities, this was 
followed by a conditional approval from EMA and approvals 
by HC and TGA. Reimbursement approvals from HAS, CDA- 
AMC, NICE, and PBAC followed (Figure S7). G- BA identified 
evidence gaps, and the added benefit was determined to not be  
proven.

RWE purpose: SAT Contextualized. Submissions included two open- 
label SATs, a phase I dose- escalating and a phase III, with two 
natural history studies. These were the Pediatric Neuromuscular 
Clinical Research Database (PNCR) and NeuroNext studies, 
derived from research databases and used as historical comparators. 
While not in focus for this case study, in some submissions a long- 
term observational follow- up of the phase I trial was also included to 
support the maintenance of safety and efficacy.

RWE’s role: Primary or supportive across most agencies. All 
authorities that assessed onasemnogene abeparvovec considered 
the RWE studies to be supportive in providing evidence for 
efficacy, with FDA noting that “the comparison of Phase III trial 

results and the natural history data provided primary evidence.”36 
The exception was G- BA, which did not reference the studies 
within the decision justification.

Clinical context. There was consistency across authorities in 
recognizing the severity, rarity, and unmet need (italics represent 
variables in Table 2). It was broadly recognized that “the natural 
history of infantile- onset SMA is well- documented and follows a 
relatively predictable course that can be objectively measured and 
verified”36 (known disease characteristics).

Some variation was observed in the level of granularity in  
assessment reports for the clinical context variables. For  
instance, only FDA and PBAC commented on the feasibility 
concerns of an RCT, and HC and TGA did not reference the 
unmet need.

HTAbs commented on a wider set of elements. All noted the 
product administration advantages of having a single intravenous 
infusion; NICE noted the potential increase in health disparities 
as a result of the product requiring administration at specialist cen-
ters (product health equity advantages).

Strength of evidence of RWE: What did authorities say? Although  
the same studies were submitted, their assessment varied 
across authorities based on the public assessment reports  
reviewed.

There was a consistent lack of commentary on RWE data 
source variables, with only PBAC highlighting that timeliness 
was a consideration given the changes in clinical practice over 
time.

Figure 2 Average number of variables commented on by authorities per submission. x = number of product submissions; y = number of RWE 
studies assessed by the authority. Percentages indicate the percentage of variables commented on by the authority across all product 
submissions. For a detailed breakdown of the average number of variables commented on in each area, see Table S7. FDA, Food and Drug 
Administration; EMA, European Medicines Agency; TGA, Therapeutic Goods Administration; HC, Health Canada; PBAC, Pharmaceutical 
Benefits Advisory Committee; CDA- AMC, Canada’s Drug Agency; ICER, Institute for Clinical and Economic Review; HAS, Haute Autorité de 
Santé; NICE, National Institute for Health and Care Excellence; G- BA, Federal Joint Committee.
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Regarding RWE study design variables, NICE raised ques-
tions around the generalizability of NeuroNext given differences 
in national clinical practice. In the US, where the study was con-
ducted, the patient population comprised “a high proportion of 
people who have a tracheostomy unlike best supportive care in 
the NHS.”37

Almost all authorities commented on bias/comparability be-
tween populations in the SATs and RWE studies, covering a spec-
trum of conclusions:

• Populations could be compared (+): FDA reviewers noted 
that the populations “can be compared”,37 EMA and TGA 

Table 2 Onasemnogene abeparvovec (Zolgensma): summary values based on the information extracted from the reviewed 
documentation, by authority

RWE name and role EMA FDA HC TGA G- BA HAS NICE ICER CDA- AMC PBAC

Study name PNCR & 
NeuroNext

PNCR & 
NeuroNext

PNCR PNCR & 
NeuroNext

PNCR & 
NeuroNext

NeuroNext PNCR & 
NeuroNext

PNCR & 
NeuroNext

RWE’s role Supportive Primary Supportive Supportive Not referenced Supportive Supportive Supportive Supportive

Clinical context EMA FDA HC TGA G- BA HAS NICE ICER CDA- AMC PBAC

Severity of the condition

Rare disease

Orphan designation

Unmet need/public health impact

Lack of alternative treatments

Off label use

Ethical concerns RCT

Feasibility concerns RCT

Product health equity advantages

Product administration

Knowledge of previous active 
substance use

Known disease characteristics

Strength of evidence EMA FDA HC TGA G- BA HAS NICE ICER CDA- AMC PBAC

RWE 
data

Reliability

Extensiveness

Coherence

Timeliness

Relevance

RWE 
study 
design

Generalizability

Exposure, follow- up, 
covariates, endpoints

Sample size

Statistical methods

Bias/comparability

Confounding

Sensitivity analyses

RWE effect size

Interventional trial

Mechanistic considerations

Safety

Process EMA FDA HC TGA G- BA HAS NICE ICER CDA- AMC PBAC

Predefined protocol/SAP

Authority interactions on RWE

Positive (+) Neutral/mix (~) Negative (- ) Not commented

CDA- AMC, Canada’s Drug Agency; EMA, European Medicines Agency; FDA, Food and Drug Administration; G- BA, Federal Joint Committee; HAS, Haute Autorité de 
Santé; HC, Health Canada; ICER, Institute for Clinical and Economic Review; NeuroNext, The Network for Excellence in Neuroscience Clinical Trials; NICE, National 
Institute for Health and Care Excellence; PBAC, Pharmaceutical Benefits Advisory Committee; PNCR, Paediatric Neuromuscular Clinical Research Database; RCT, 
randomized control trial; RWE, real- world evidence; SAP, statistical analysis plan; TGA, Therapeutic Goods Administration.
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acknowledged that although the RWD cohort showed “less 
severe disease as expressed by the older age”, this was “not 
considered a major issue since the potential bias this creates, 
is not in favor of Zolgensma”.38

• Populations do not appear to be strictly comparable (~): 
HAS acknowledged uncertainties that could create a bias 
in either direction. “Patients in the RWD cohort were older, 
suggesting less severe disease”, however a higher proportion 
required “nutritional and ventilatory support related to more 
advanced disease”.39 PBAC noted that “natural history stud-
ies may not adequately capture improvements in supportive 
care over time”.40

• Populations are not comparable (−): NICE stated that the 
SAT included a presymptomatic population which can de-
velop a range of SMA types, some less severe than type 1. They 
concluded that “the comparison with natural history studies 
including only type 1 SMA is not appropriate”.36 CDA- AMC 
mentioned that the RWD cohort were more severe, having 
“a lower CHOP INTEND score and required more feeding 
support and more ventilatory support” and that clinical prac-
tice had evolved considerably from the time of the RWE stud-
ies (Table S9). They concluded that the comparison “did not 
allow for unbiased estimates of treatment effect”.41

Authorities were consistent regarding the large effect size of the re-
sults, except for HC which did not mention this aspect. For exam-
ple, FDA noted that “overall the likelihood appears remote that such 
factors could account for all, or a substantial part of the difference 
observed”,37 and EMA stated that “the survival and motor milestones 
achieved largely exceed the natural history of SMA type 1”.38

A detailed review of the assessment can be found in Table S8.

Quantifying regulatory and HTAbs assessments. Assigning 
summary values to each of the variables potentially impacting 
the role of RWE enabled analysis of the most to least commented 
variables and their type: positive (+), mixed (~), or negative (−).

Within the Clinical context area, the most frequently discussed vari-
ables were severity, rarity, and lack of alternative treatment, mentioned 
in at least 94% of regulatory and 85% of HTA reports. This was fol-
lowed by unmet need (85% and 82% respectively) and authorities’ 
knowledge of disease characteristics (73% and 78% respectively, Figure 
S8). The vast majority of comments on these variables confirmed the 
severity, rarity, and unmet need of the disease object of the submission.

HTAbs commented more frequently than regulatory agencies 
on health equity (0% for regulatory agencies and 37% for HTAbs) 
and product administration advantages (18% and 52% respectively).

In the Strength of evidence area, the most discussed variables were 
effect size (63% for regulatory agencies and 83% for HTAbs) and bias/
comparability (61% and 69%, respectively; Figure 3). In contrast, 
variables describing RWD sources were the least acknowledged, with 
37% of RWE studies lacking comments on all of the variables in this 
category (29% for regulatory agencies and 47% for HTAbs), com-
pared to 5% for the study design category and 26% for effect size.

The type of commentary in the Strength of evidence area was pri-
marily negative (37% for regulatory agencies and 47% for HTAbs), 
addressing uncertainties regarding data sources and study designs. 
Positive commentary was more common among regulatory agen-
cies (33%) than HTAbs (16%). HTAbs’ positive comments mainly 
focused on effect size, while they spread across nearly all considered 
variables for regulatory agencies.

When analyzing Strength of evidence variables by RWE’s role 
(Figure 4), the proportion of positive comments was highest when 
RWE was deemed primary. This decreased as its impact on deci-
sion making diminished. In instances where RWE was discussed 
and not used, most comments were negative or mixed.

A large effect size was consistently noted in submissions where 
RWE was considered primary, while it was never mentioned in cases 
where RWE was deemed neutral or inadequate for decision mak-
ing. Other variables that showed some association between the type 
of comments from authorities (positive, mixed and negative) and 
RWE’s role were relevance for data sources, exposure/endpoints, gen-
eralizability, sample size, and sensitivity analyses for the study design.

Figure 3 Frequency of positive, neutral, and negative summary values across all submissions for RWE variables.  
HTAbs, health technology assessment bodies; RWE, real- world evidence.

Positive (+) Neutral/mix (~) Negative (-)
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DISCUSSION
The main objective of this research was to empirically investigate 
which characteristics of RWE, submitted to support efficacy/
effectiveness claims, impacted authorities’ decision making. We 
investigated 15 products submitted to five regulatory agencies 
and six HTAbs, totaling 76 assessments of RWE studies. For 
each, we systematically identified, categorized, and analyzed 74 
variables:

• 43 describing the submission and type of RWE.
• 1 summarizing RWE’s role in decision making.
• 30 relating to characteristics that could influence RWE’s role 

in decision making.

Here, we present four main findings:

Low granularity within publicly available assessment reports
The frequency with which authorities commented on the 30 vari-
ables that could influence RWE’s role (Figure 2) suggests that the 
granularity of assessment reports was low on average.

This may be partly due to the extensive list of variables used. 
Some, such as off- label use (or health equity considerations for regu-
latory agencies), may not be applicable in every assessment. In ad-
dition, reviewers may not have systematically reported on all the 
variables they assessed, focusing instead on those deemed more 
important based on the submitted evidence or suggested by inter-
nal reporting guidelines. The latter could also explain some of the 
variability seen across authorities.

Clinical context was the most frequently commented area, yet 
no authority addressed more than two- thirds of its variables on 
average. A more detailed characterization of the clinical context 
could clarify when RWE might be appropriate. For example, eth-
ical or feasibility concerns around RCTs were only noted in one- 
third of assessment reports, leaving unclear whether RWE was 
considered in decision making even when traditional methods 
were feasible.

In the Strength of evidence area, bias/comparability and effect size 
were the most frequently commented variables, reflecting author-
ity reviewers main RWE concerns. In contrast, variables related to 
data sources were commented on the least often. More comments 
on data sources would have been expected given the importance of 
the topic—study design and results cannot compensate for data not 
being fit- for- purpose—authorities’ interest in this topic,32,42–43 and 
as most analyzed RWE studies relied on secondary data collection.

Variability in how RWE is assessed by authorities
On the role of RWE, analysis revealed cases of both convergence 
and divergence across authorities (Table 1). Notably, even when 
authorities agreed on RWE’s role, they were not necessarily aligned 
on the underlying factors driving their decision. For example, in 
the assessment of the PNCR & NeuroNext study for onasemno-
gene abeparvovec (Zolgensma), authorities reached similar con-
clusions on RWE’s role despite their differing assessments on bias/
comparability. Unsurprisingly, there was significantly more vari-
ability in the Strength of evidence area than in Clinical context.

Differences in the assessment of clinical evidence are not new in 
authority decision making.44–46 This can be partly attributed to dif-
ferences in remits, as evidenced by HTAbs commenting more than 
regulators on variables such as generalizability and health equity. 
Divergence can also be caused by differing perceptions of RWE’s 
value. This might explain why HTAbs had three times more nega-
tive than positive comments regarding the RWE Strength of evidence 
variables, whereas regulatory agencies had a more balanced distri-
bution. The use of different methodologies could also contribute, 
as seen when comparing HAS and G- BA, which use a relative clin-
ical benefit assessment methodology, versus NICE, CDA- AMC, 
and PBAC, which use a cost- effectiveness methodology.

The example of bias/comparability for the PNCR & NeuroNext 
study suggests that other factors may also play a role. These could 
include variability among reviewers, the submission of RWE stud-
ies that differ slightly despite sharing a name, or variations in how 
sponsors reported RWE.

Figure 4 Frequency of positive, neutral, and negative summary values across all submissions for RWE variables, stratified by the role of RWE 
in decision making.  
HTAbs, health technology assessment bodies; RWE, real- world evidence.

Positive (+) Neutral/mix (~) Negative (-)
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Effect size appears to be the variable most associated with 
RWE’s role
Comments related to Clinical context were largely positive, which con-
firmed the circumstances in which the use of RWE is expected: rare and 
highly severe diseases with unmet needs. This also suggests that Clinical 
context is a contributing factor to RWE’s role in decision making.

In contrast, Strength of evidence variables elicited a wider range 
of comment types, with negative commentary being the most com-
mon (Figure 3). This could reflect reviewers’ uncertainty regard-
ing the RWE approach.

The positive correlation between the number of positive com-
ments and the impact of RWE (Figure 4) suggests consistency be-
tween reviewers’ assessments and the weight of RWE in their final 
decisions. However, individual studies revealed exceptions.

Effect size seemed to be the main characteristic when RWE was 
considered primary; in 9 of the 11 studies classified as such, a large 
effect size was noted. The two remaining cases were tenecteplase 
(Metalyse), the only example of RCT using RWD, that involved a 
non- inferiority trial involving randomization where a large effect 
size was not needed, and alpelisib (Vijoice) EMA submission. In 
the latter, RWE from an expanded access program served as the 
main clinical evidence and, as such, had a primary role. The per-
ceived uncertainty on the magnitude of the effect size could not 
attenuate the broad range of uncertainties surrounding the RWE 
study, and it contributed to the subsequent application withdrawal.

The importance of a large effect size, along with its frequent men-
tion alongside bias/comparability, suggests that reviewers are aware 
of the potential for bias in RWE. A large effect size enhances their 
confidence that the observed effect is unlikely to be explained by 
the presumed bias.

Few submissions with advanced RWE study design
Of the 10 cohort studies submitted, only two employed a compara-
tive design, and none of the 12 SAT contextualized used individual 
patient matching. Further, none of the RWE studies, as presented 

in the assessment reports, explicitly referenced frameworks like 
the target trial emulation or estimand. This finding aligns with 
existing literature.47

Possible explanations for the absence of advanced designs may 
include a relative lack of sponsor expertise and experience, as well 
as awareness of the challenges associated with such studies. There 
may also be a perception of limited experience in interpreting these 
designs by authorities. It is also important to consider the timing of 
the submissions included in our analysis, most of which preceded 
2022, along with the fact that these studies were planned well in 
advance of them. Nevertheless, this result may also indicate that 
simplicity has inherent advantages.

Recommendations
We propose five recommendations based on these findings 
(Figure 5).

The first three address challenges encountered in learnings from 
publicly available assessment reports. First, a higher level of granularity 
in assessment reports can be achieved if a more structured approach 
to presenting assessments is established. Templates or checklists could 
be developed, informed by the variables used in this research and in 
the relevant literature. Such a structured approach can also be applied 
to how sponsors present the evidence in their submissions.

Second, assessment reports could also introduce a structured 
section that describes the submitted RWE, detailing data sources, 
study design, and other pertinent details. Third, an ongoing pub-
lic repository to track, characterize, and capture insights on future 
submissions that include RWE to support efficacy/effectiveness 
could be established.

These measures aim to enhance transparency and facilitate 
shared learnings about how authorities evaluate RWE and its ev-
identiary value. This could benefit all stakeholders. Researchers, 
sponsors, and authorities could have more informed scientific dis-
cussions on RWE, helping them to identify research priorities to 
make progress collaboratively. Authorities would derive learnings 

Figure 5 Key recommendations from the FRAME research and corresponding benefits for the different stakeholders. RWE, real- world 
evidence.
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that could be integral to further implementing their RWE frame-
works. Sponsors would achieve a clearer understanding and pre-
dictability on how authorities interpret and use RWE.

The fourth recommendation, informed by the results around 
variability across authorities, is to strengthen collaboration on ini-
tiatives aiming at defining consistent terminology and common 
principles for RWE assessment. Such initiatives have been advo-
cated in the literature30–31,48 and by an ICH reflection paper on 
pursuing opportunities for harmonization in generating RWE.49 
These efforts recognize the benefits of a greater consistency in how 
RWE is interpreted and evaluated, which will in turn help promote 
a better understanding and awareness of RWE, its use and role in 
decision making. Our findings could aid these initiatives by high-
lighting areas of inconsistency and in offering reflections on the 
underlying rationale for key divergences.

The fifth recommendation is drawn from the findings on the 
characteristics potentially associated with the impact of RWE. 
Decision- support tools that evaluate the feasibility of using RWE 
to support efficacy/effectiveness claims could be developed or en-
hanced by our results. These tools could assist sponsors in deciding 
whether to invest additional resources into developing an RWE 
approach, considering its characteristics and those of their clinical 
development program.

Strengths and limitations
The research has some limitations. It was exploratory in nature 
and did not aim to provide a comprehensive review of all submis-
sions using RWE to support efficacy/effectiveness claims. Instead, 
it focused on a detailed analysis of a selected subset of products 
representing a variety of scenarios.

The research relied on publicly available decision documenta-
tion, which may not fully capture all reviewers’ considerations. 
For instance, a comparison between our analysis of onasemnogene 
abeparvovec (Zolgensma) with that of Bakker,16 which also had ac-
cess to non- public EMA documents, revealed two additional study 
design considerations beyond the two we identified.

Another limitation relates to the data extraction and categori-
zation process (+, ~, −). Although significant effort was made to 
establish a transparent and reproducible methodology, there may 
have been instances of quotes interpreted without full context or 
where categorization was ambiguous, particularly for vague or un-
clear quotes. This limitation also applies to the main variable of the 
analysis: the role of RWE. Authorities base their decisions on the 
totality of evidence and do not always provide clear explanations 
regarding how different pieces of evidence were considered or their 
relative weighting in their decision making.

The research has several strengths. A thoughtful approach was 
applied to the prioritization of products and, in particular, to the 
identification of the variables to be collected and analyzed, which 
cover multiple areas. Significant effort was made to minimize any 
subjectivity by creating detailed definitions for each variable and 
incorporating relevant examples to clarify these definitions, en-
hancing the reproducibility of the research. In addition to having 
multiple reviewers, a final harmonization round was conducted to 
further check for consistency.

To our knowledge, this is the only research that has identified 
and analyzed such a comprehensive set of characteristics across a 
range of products and study designs spanning numerous authori-
ties and regions.

CONCLUSION
We took a holistic and systematic approach to identify the char-
acteristics associated with the role of RWE to support efficacy/
effectiveness claims in authorities’ decision making. We hope 
that the key findings and corresponding recommendations will 
facilitate multi- stakeholder dialogue on this topic to increase the 
confidence in the use of RWE. This, in turn, could contribute to 
the generation of better evidence, enhancing patient access to in-
novative treatments.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical 
Pharmacology & Therapeutics website (www.cpt-journal.com).
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