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ABSTRACT

Shifting R&D focus towards the (ultra-)rare diseases and precision medicine leads to a rising need to assess 
single-arm clinical trials for regulatory and HTA purposes. While numerous time-tested methods exist to 
utilize real-world evidence as external control groups while limiting the confounding risk, there is still limited 
international consensus on how to generate, curate and use real-world-data in order to serve as acceptable 
external control. Both regulatory and HTA bodies are very aware of the challenge, and many have been recently 
providing more elaborate guidance on the subject. However, clear and detailed guidance is not yet ubiquitously 
available on the subject. Many agencies are still in the process of refining or even reforming their guidance on 
the subject while industry decision-makers are trying to figure out how to bring breakthrough therapeutics to 
patients faster while providing regulators and HTA bodies and payers with the evidence needed for a responsible 
decision. 

The aim of this research is to review, analyze, and compare recent guidelines of all major regulatory and HTA 
bodies on the use of real-world evidence (RWE) and in particular on RWD-derived external controls. In order 
to better interpret the practical meaning of the written guidance and obtain a more reliable understanding of 
recent RWE and RWD-derived external control trends with respect to recent regulatory and HTA decisions, we 
conducted a systematic literature review as well as a search of single-arm clinical trials on ClinicalTrials.gov, to 
identify recent case studies, where RWE and, in particular, RWD-derived external controls might have been used 
in recent regulatory or HTA-related submission. After reviewing written guidance from the FDA, EMA, MHRA, 
NMPA, CDSCO, PMDA, Swissmedic, ANVISA, ICER, NICE, G-BA, IQWiG, HAS, AIFA, AETS, SwissHTA, Chuikyo/JHEP, 
CNHDRC, Conitec, and CADTH, we identified and compared trends in both regulatory and HTA agencies. We 
then complemented these theoretical findings with seven recent case studies identified via systematic literature 
review and clinical trial register (ClinicalTrials.gov) search.
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Introduction
Regulatory agencies and health technology assessment (HTA) 

organizations are experiencing a growing trend in submissions that 
utilize external controls derived from real-world data (RWD) [1]. 
The U.S. Food and Drug Administration (FDA) and European Med-
icines Agency (EMA) have defined RWD as data collected routinely 
on patient health status or healthcare delivery from various sources 
outside traditional clinical trials [2-4]. External control arms derived 
from RWD “can be used to contextualize efficacy findings for inves-
tigational therapies evaluated in uncontrolled trials” [1]. Propensity 
score matching (PSM) and inverse probability of treatment weight-
ing (IPTW) are increasingly popular methods to safeguard against 
confounding when using RWD to generate external controls. Both 
methods have their “own practical advantages as well as limitations, 
which may be more or less suitable under different scenarios such 
as the availability of treatment and comparator patients and number 
of treatments being compared” [5]. Hence, specific guidance on these 
two important methods will be given special consideration. The in-
creasing familiarity of regulators and HTA bodies with external con-
trols has led to more detailed and specific guidance from regulatory 
and HTA decision-makers alike. The aim of this paper is to investigate 
if and to what extent the guidance from regulatory agencies across 
the globe differs, and to what extent the HTA bodies’ external con-
trol guidance differs among each other and from regulatory agencies. 
Last, but not least, we conducted both a SLR and a search on Clini-
calTrials.gov to identify recent regulatory and HTA submissions with 
RWD-derived external controls or alternative RWE strategies in order 
to investigate how the guideline-related differences or nuances trans-
late into the practice of regulatory and HTA decision making.

Guideline Review (Materials)
Regulatory Authorities

To understand the detailed guidance provided by the FDA, EMA, 
NMPA, CDSCO, PMDA, Swissmedic, and ANVISA on the use of re-
al-world data (RWD) for external control arms, it’s important to re-
view the specific methodological guidance each authority offers. This 
includes how they address confounding and ensure the comparability 
of populations. 

Food and Drug Administration (FDA): The FDA has provided 
detailed guidance on the use of RWD and RWE [2,3], particularly for 
the purpose of generating external control arms in clinical trials [4]. 
While the FDA cautions that in many instances, externally controlled 
trials may not be appropriate and that “the likelihood of credibly 
demonstrating effectiveness with an external control is often low” [4], 
the agency also lists important considerations for the acceptability of 
RWD-derived external controls:

Sources of Data: The FDA emphasizes the need for high-quality 
data from reliable sources such as electronic health records (EHRs), 
claims databases, registries, and patient-generated data.

Eligibility Criteria: There is a focus on ensuring that the criteria 
used to select RWD cohorts are consistent with those of the clinical 
trial population to minimize bias.

Temporality: The timing of data collection is crucial. The FDA 
suggests that the RWD should be contemporaneous with the clinical 
trial data to ensure relevancy.

Population Representation: Ensuring that the RWD cohort 
is representative of the broader patient population is essential for 
generalizability.

Clinical Evaluation and Biostatistical Analysis: The FDA sup-
ports both Bayesian and frequentist approaches but emphasizes the 
importance of prespecifying the analytical plan. The FDA underscores 
the importance of high-quality, reliable RWD. Data should be com-
plete, accurate, and appropriately curated. Also, the FDA specifically 
mentions the need for patient-level data for external control arms, 
rather than summary-level data. Methodological choices and analytic 
strategies should be clearly documented and justified. The FDA em-
phasizes the need for prespecification of the analytical plan. When 
submitting studies that use RWD for external control arms, detailed 
documentation on data sources, cohort selection, statistical methods, 
and sensitivity analyses should be included. It’s important to note 
that the FDA’s approach to external control arms and RWD is evolv-
ing. They encourage early communication with sponsors to discuss 
specific study designs and analytical approaches [3,4]. In the past. the 
FDA has considered external controls on a case-by-case basis, partic-
ularly in situations where the natural history of a disease is well-de-
fined and known not to improve with available therapies.

European Medicines Agency (EMA): The EMA’s guidance on 
RWD and external control arms focuses on the integration of RWE 
into regulatory decision-making [6-8]:

Sources of Data: The EMA advocates for the use of well-curated 
databases and registries and stresses the importance of data quality 
and relevance.

Eligibility Criteria: Similar to the FDA, the EMA emphasizes har-
monized eligibility criteria between RWD and clinical trial popula-
tions to reduce selection bias.

Temporality: EMA guidance advises that the RWD should be as 
current as possible to match the temporal context of the clinical trial.

Population Representation: Ensuring a diverse and representa-
tive patient cohort is highlighted to improve the validity of findings.

Clinical Evaluation and Biostatistical Analysis: The EMA en-
courages the use of advanced statistical methods to address con-
founding, including both frequentist and Bayesian approaches. The 
agency highlights the need for transparency in the analytical meth-
ods and the assumptions made [6-8]. The EMA guideline for regis-
try-based studies does not contain specific recommendations on pro-
pensity score matching (PSM) and inverse probability of treatment 
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weighting (IPTW) [8]. The EFPIA comments on the EMA guideline 
for registry-based studies specifically ask whether propensity score 
matching should be considered as a technique for addressing selec-
tion bias. Recently, PSM was mentioned in the HTACG`s “Methodolog-
ical Guideline for Quantitative Evidence Synthesis: Direct and Indirect 
Comparisons”. While the guideline doesn’t provide extensive details 
on PSM specifically, it acknowledges propensity score methods as a 
recognized approach for addressing confounding in non-randomized 
evidence, particularly in the context of indirect comparisons when 
dealing with individual patient-level data [9]. There might be more 
detailed guidance with respect to RWD external controls in the future. 
Generally, EMA encourages the use of Bayesian methods for their flex-
ibility and ability to integrate diverse data sources [10]. It’s important 
to note that the EMA’s guidance emphasizes the complementary role 
of RWE to existing evidence, such as clinical trials. Similar to the FDA, 
the EMA encourages early engagement with regulatory agencies and 
other stakeholders when planning to conduct registry-based studies 
[11].

Medicines and Healthcare Products Regulatory Agency 
(MHRA): The UK’s Medicines and Healthcare products Regulato-
ry Agency (MHRA) has increasingly recognized the value of RWE in 
the regulatory submissions of pharmaceuticals. In December 2021, 
MHRA published consultation guidance that underscores the signif-
icance of RWE to support regulatory decisions [12]. This guidance 
encompasses various trial designs, including simple and hybrid trials, 
and outlines critical factors to consider when collecting RWD as part 
of a clinical trial [12]. One of the central tenets of the MHRA’s guid-
ance is the emphasis on data quality. The agency asserts that there 
are no barriers to using RWE for initial approval or for the approval of 
new indications, provided that the data quality is robust. Additionally, 
the trial must be designed in a manner that allows it to provide the 
evidence required to answer the regulatory question effectively. This 
approach reflects the MHRA’s commitment to ensuring that RWE can 
be a reliable and credible source of information in the regulatory deci-
sion-making process. The MHRA has published two specific guidance 
documents to elaborate on these principles [13,14]. 

The first, “MHRA Guidance on the use of Real-World Data in Clin-
ical Studies to Support Regulatory Decisions”, serves as an introduc-
tion to the MHRA’s RWD guideline series. It highlights key consider-
ations when evaluating whether an RWD source is of sufficient quality 
for the intended use [13]. The second document, “MHRA Guideline 
on Randomised Controlled Trials using Real-World Data to Support 
Regulatory Decisions”, delves into more detailed aspects such as clin-
ical trial authorization, design, choice of endpoints, and safety data 
requirements for prospective randomized trials using RWD sources 
[12,13]. 

Sources of Data: The MHRA recognizes various sources of RWD, 
including electronic healthcare records (EHR), primary and second-
ary care records, disease registries, and administrative data on births 

and deaths [12]. They also acknowledge patient-reported outcomes 
(PRO) data and data collected through wearable devices, specialized 
websites, or tablets as valid RWD sources [12]. The agency emphasiz-
es the importance of demonstrating that the data source is of suffi-
cient quality for the intended use [12,14].

Eligibility Criteria: The MHRA stresses the importance of con-
sidering the source population prior to submitting the study protocol. 

Population Representation: The MHRA guidance highlights the 
importance of considering the source population and its appropriate-
ness for the study. They also note that evidence derived from RWD 
may be more representative of the true effects of a treatment in the 
community and more generalizable than data from traditional clinical 
trials [12]. This suggests that the MHRA values RWE for its potential 
to provide insights into broader, more diverse populations.

Clinical Evaluation and Biostatistical Analysis: MHRA empha-
sizes that the principles used in traditional clinical trials, such as the 
importance of randomization and blinding, remain applicable for 
studies using RWD. They state that RWE generated from randomized 
controlled trials (RCTs), including RWD, “is not generally considered 
of more or less value for regulatory decision-making than evidence 
from conventional RCTs provided the data quality is robust and the 
trial well-designed” [12]. The agency requires that processes for se-
lection, extraction, transfer, and handling of data, as well as meth-
ods for their validation, should be described in the study protocol 
[12]. MHRA also stresses the importance of establishing processes 
to ensure data integrity from acquisition through to archiving [12]. 
Furthermore, MHRA guidance covers clinical trial design, including 
choice of endpoints and safety data requirements for prospective ran-
domized trials using RWD sources [12]. This indicates that the MHRA 
expects rigorous clinical evaluation and biostatistical analysis in RWE 
studies, comparable to traditional clinical trials. The MHRA’s guid-
ance on RWE in regulatory submissions highlights the agency’s open-
ness to innovative approaches in clinical research, provided that the 
data quality is robust and the trial design is sound. This progressive 
stance aims to enhance the regulatory framework’s flexibility while 
maintaining rigorous standards for evidence-based decision-making 
[12-14].

National Medical Products Administration (NMPA): The Chi-
nese regulatory authority National Medical Products Administration 
(NMPA)’s guidance on RWD use is emerging, with an increasing focus 
on leveraging RWE for regulatory decisions [15-17]:

Sources of Data: Emphasizes high-quality and reliable data 
sources including local registries and hospital databases.

Eligibility Criteria: Guidance is evolving but emphasizes the 
alignment of RWD cohort characteristics with the clinical trial pop-
ulation.

Temporality: NMPA stresses the need for contemporaneous data 
collection to ensure relevance.
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Population Representation: Ensuring a representative sample 
that mirrors the clinical trial population.

Clinical Evaluation and Biostatistical Analysis: The guidance 
[15] mentions common types of real-world research designs and 
statistical analysis methods, but doesn’t provide specific details on 
Bayesian methods, propensity score matching, or inverse probability 
of treatment weighting. It’s important to note that while RWE is in-
creasingly accepted, the NMPA currently views it primarily as a sup-
plement to existing clinical evidence rather than a replacement for 
traditional clinical investigations. The guidance is still evolving, and 
future refinements may provide more specific details on study con-
duct and statistical methods.

Central Drugs Standard Control Organization (CDSCO): In-
dia’s regulatory authority Central Drugs Standard Control Organiza-
tion (CDSCO) is in the process of developing comprehensive guide-
lines for RWD use, with some emerging principles [18-20]:

Sources of Data: Focuses on data from Indian registries, EHRs, 
and hospital records.

Eligibility Criteria: Importance of matching criteria to ensure 
comparable cohorts.

Temporality: Advocates for the use of contemporaneous data.

Population Representation: Emphasis on capturing a represen-
tative patient population.

Clinical Evaluation and Biostatistical Analysis: Guidance on 
statistical methods is evolving, with a focus on frequentist methods 
and emerging interest in Bayesian approaches. India currently lacks 
a formal framework that defines different designs for RWE studies, 
unlike regulatory bodies in other countries such as the U.S. FDA [19]. 
The CDSCO has established Subject Expert Committees (SECs) to 
advise on the evaluation of various types of applications, including 
those related to new drugs and clinical trials [19]. While not explicit-
ly addressing RWD-derived external controls, the CDSCO’s guidance 
documents mention the evaluation of safety and efficacy data for new 
drug approvals, which could potentially include RWE [19]. The CDSCO 
appears to be open to considering various types of evidence in drug 
development and approval processes but has not yet issued detailed 
guidelines specifically for RWE, RWD, or external control arms de-
rived from RWD [19,20].

Pharmaceuticals and Medical Devices Agency (PMDA): The 
Pharmaceuticals and Medical Devices Agency (PMDA) of Japan has 
embraced a progressive approach towards the use of RWD and RWE 
in regulatory decision-making [21-23]. This stance aligns with global 
trends in drug development and regulatory science. PMDA encour-
ages the use of RWD/RWE throughout a product’s life cycle, from 
pre-approval development to post-marketing surveillance. Since 
2017, PMDA has offered consultation services on RWD/RWE use, 
expanding these services in 2019-2020 to include registry data and 

database studies for new drug applications. The PMDA has released 
several guidance documents to support the appropriate use of RWD/
RWE in regulatory submissions. In April 2021, the PMDA established 
an RWD working group to address regulatory issues related to RWD/
RWE and promote its utilization within the Japanese regulatory 
framework. The PMDA actively participates in international discus-
sions and harmonization efforts regarding RWD/RWE use in regula-
tory decision-making.

Sources of Data: The PMDA recognizes various sources of RWD, 
including electronic health records (EHRs), claims databases, disease 
registries, patient-generated data (e.g., from wearable devices), and 
health surveys. The PMDA emphasizes the importance of data quality 
and reliability, regardless of the source. They encourage early con-
sultation to discuss the appropriateness of specific data sources for 
regulatory purposes.

Eligibility Criteria: When considering RWD for regulatory sub-
missions, the PMDA focuses on data quality, accuracy, completeness, 
consistency of the data, relevance (appropriateness of the data for the 
specific research question), timeliness, and accessibility.

Temporality: Advocates for the use of contemporaneous data.

Population Representation: The PMDA stresses the importance 
of ensuring that RWD adequately represents the target population. 
Key considerations include demographic representation, geographic 
representation (urban vs. rural, different regions of Japan), and clin-
ical representation (e.g., disease severity, comorbidities, treatment 
history). Applicants are encouraged to discuss population represen-
tation with the PMDA during consultation services to ensure the ex-
ternal validity of their findings.

Clinical Evaluation and Biostatistical Analysis: The PMDA em-
phasizes the need for robust methodologies in analyzing RWD. While 
the PMDA has not released specific guidance on PSM and IPTW, they 
generally accept these methods when appropriately applied. Key 
considerations include careful selection of variables for propensity 
score models, evaluating the balance of covariates after matching or 
weighting, sensitivity analysis and transparency. Applicants are en-
couraged to consult with the PMDA on the appropriateness of these 
methods for their specific study. The PMDA supports the use of RWD/
RWE in regulatory decision-making throughout a product’s lifecycle. 
Data quality, reliability, and relevance are crucial for regulatory accep-
tance of RWD/RWE. The PMDA offers consultation services to guide 
appropriate use of RWD/RWE in regulatory submissions. Population 
representation and external validity are important considerations in 
RWD studies. Robust methodologies, including appropriate statistical 
techniques, are essential for analyzing RWD. Early consultation with 
PMDA is encouraged to ensure alignment on RWD/RWE utilization 
strategies. The PMDA continues to develop guidance and participate 
in international discussions on RWD/RWE use in regulatory science.
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Swissmedic: Swissmedic, the Swiss regulatory authority for ther-
apeutic products, is developing guidance on the use of RWE and RWD 
[24], including their application in external controls. While Swiss-
medic’s approach aligns with international standards, it has its own 
specific considerations:

Sources of Data: Swissmedic considers RWD to be all data oth-
er than those collected through clinical trials conducted according to 
ICH GCP guidelines. This includes registries, observational studies, 
electronic health records, medical claims, and patient-generated data 
[25].

Eligibility Criteria: Swissmedic emphasizes the need for care-
ful use of appropriate control groups from RWD, considering quality, 
size, and time frame.

Temporality: The Swiss regulatory authority stresses the impor-
tance of critically discussing RWE in the context of all available evi-
dence, which implies consideration of temporal aspects.

Population Representation: Swissmedic acknowledges that 
RWE could provide therapeutic insights into the use of medical prod-
ucts among underrepresented and vulnerable populations.

Clinical Evaluation and Biostatistical Analysis: Swissmedic re-
quires that RWD-based studies or analyses be listed, and the sources 
of RWD must be described in detail. This suggests a focus on robust 
methodologies, though specific statistical approaches are not explic-
itly mentioned in the available guidance. It’s important to note that 
Swissmedic does not currently provide detailed recommendations on 
specific statistical methods for addressing confounding or reducing 
selection bias in their publicly available guidance [25]. The authority 
emphasizes the need for critical evaluation of RWE and thorough doc-
umentation of RWD sources and analyses [25].

National Health Regulatory Agency (ANVISA): The Brazilian 
Health Regulatory Agency (Agência Nacional de Vigilância Sanitária, 
or ANVISA) has recently released new guidance on RWE and RWD for 
regulatory decision-making in Brazil [26,27].

Sources of Data: ANVISA emphasizes the importance of 
high-quality data for regulatory purposes. The agency provides rec-
ommendations on evaluating RWD quality and sources for regulatory 
decisions.

Eligibility Criteria: It is crucial to ensure that the eligibility crite-
ria for the RWD cohort align with those of the clinical trial population 
to minimize selection bias and enhance comparability.

Temporality: The timing of data collection is vital. ANVISA 
stresses that RWD should be contemporaneous with clinical trial data 
to ensure that the control group is relevant and reflective of the same 
period.

Population Representation: ANVISA acknowledges the impor-
tance of ensuring that RWD is representative of the Brazilian popula-
tion. This is crucial for the generalizability of findings and their appli-
cability to the Brazilian healthcare context.

Clinical Evaluation and Biostatistical Analysis: While specific 
statistical methodologies are not detailed in the available information, 
ANVISA’s guidance likely includes recommendations for addressing 
challenges in generating RWE and steps to improve the quality, trans-
parency, and acceptability of RWE studies.

ANVISA’s guidance covers various types of study designs and 
stresses the importance of choosing data sources based on solid 
methodological principles. The agency recognizes the use of RWD 
as supportive evidence of efficacy and safety, particularly for drugs 
indicated for rare diseases or serious conditions where conducting 
properly controlled clinical trials may be challenging. ANVISA views 
the role of RWE with caution due to challenges such as ensuring data 
quality, limitations on using RWD/RWE for efficacy claims, and po-
tential confounding factors and biases. The agency recommends com-
munication between ANVISA and applicants to discuss the relevance 
of evidence to be submitted, including aspects such as the use of pri-
mary or secondary RWD sources and national or international data 
sources. ANVISA has formed a new RWE group (GT-EMR) responsible 
for improving research quality in Brazil by evaluating RWE method-
ologies, issuing technical opinions, and collaborating on regulatory 
decision-making. The agency is working towards building under-
standing for the critical assessment of RWD and RWE in regulatory 
decision-making and collaborating with international institutes to 
work towards global harmonization in RWD and RWE terminology, 
execution, use, and study structure.

Summary of regulatory guidelines: All eight regulatory bodies 
(FDA, EMA, MHRA, NMPA, CDSCO, PMDA, Swissmedic, and ANVISA) 
emphasize the importance of high-quality data sources, consistent 
eligibility criteria, contemporaneous data, representative popula-
tions, and robust statistical methods to handle confounding and en-
sure comparability. Overall, the agencies seem to take a cautioning 
approach. Key commonalities include:

Sources of Data: High-quality, reliable sources such as EHRs, 
claims databases, and registries.

Eligibility Criteria: Harmonized criteria to match the clinical tri-
al population and minimize selection bias.

Temporality: The importance of using contemporaneous data to 
ensure relevance.

Population Representation: Ensuring that the RWD cohort is 
representative of the broader patient population to enhance gener-
alizability.

Clinical Evaluation and Biostatistical Analysis: Very limited 
guidance on the use of advanced methods to avoid confounding while 
using RWE/RWD is given. Each regulatory body provides tailored 
guidance within the context of their healthcare system and regulatory 
framework, but they share a common goal of integrating RWE effec-
tively into the regulatory process for in cases where only single arm 
trials are pragmatically or ethically feasible.
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HTA Agencies

Institute for Clinical and Economic Review (ICER): The Insti-
tute for Clinical and Economic Review (ICER) has been progressively 
integrating RWE into its health technology assessments, recognizing 
its potential value alongside the gold standard of randomized con-
trolled trials (RCTs) [28-30]. While RCTs remain the cornerstone for 
evaluating treatment efficacy, ICER acknowledges that RWE can play 
a crucial role, especially in scenarios where RCTs are impractical or 
unethical. ICER has been increasing its use of RWE, particularly in 
economic assessments, primarily to inform costs, resource use, and 
long-term outcomes [31,32]. Historically, ICER has rarely used RWE 
for assessing treatment effectiveness, consistent with policies of oth-
er health technology assessment agencies [31].

Sources of Data: ICER encourages the use of high-quality data 
from national health databases, registries, and electronic health re-
cords (EHRs). Registry data and claims data are the most frequently 
used types of RWD in ICER’s evaluations [31,32]. Emphasis is placed 
on the quality, completeness, and relevance of the data to ensure ro-
bust and reliable assessments. 

Eligibility Criteria: ICER stresses that importance with broader 
population representation [31]. 

Temporality: ICER recommends using contemporaneous data to 
ensure that the RWE reflects current clinical practices and is compa-
rable to the time period of the RCT [28]. This approach ensures that 
the RWE is comparable to the time period of the RCTs, providing a 
more accurate picture of real-world treatment effects.

Population Representation: ICER underscores the need for 
RWE to represent the broader patient population, which helps in gen-
eralizing the findings to a wider audience.

Clinical Evaluation and Biostatistical Analysis: ICER is open to 
the use of Bayesian methods. To ensure the robustness of findings, 
ICER requires thorough sensitivity analyses to test the stability of 
results against various assumptions and methods. While ICER’s ap-
proach to RWE is evolving, these guidelines reflect their commitment 
to enhancing the understanding of real-world treatment performance 
and improving the overall quality of health technology assessments. 
ICER has recently announced plans to generate “decision-grade” RWE 
with partners to improve understanding of real-world treatment per-
formance. Also, ICER has initiated a pilot program to generate new 
RWE to enhance their understanding of how medical treatments work 
in the real world [33]. Overall, ICER tries to reflect the current scien-
tific standards. ICER plans to assess the internal and external validity 
of RWE based on guidelines from the ISPOR RWD Task Force report.

National Institute for Health and Care Excellence (NICE): 
NICE acknowledges that while RCTs are the gold standard for evalu-
ating interventions, RWE can be used to supplement RCTs, especial-
ly when RCTs are not feasible or ethical [34]. NICE has developed a 

framework for evaluating and incorporating RWE into their guidance, 
demonstrating their openness to using this type of evidence [35]. 
NICE has shown willingness to consider RWD-derived external con-
trols, particularly in cases where RCTs are challenging to conduct, 
such as in rare diseases or specific cancer indications [36]. In some 
cases, NICE committees have referred to RWE as “the best available 
source of evidence”, particularly when evaluating treatments for rare 
conditions where traditional RCTs are difficult to conduct [36]. While 
accepting RWE, NICE maintains a cautious approach. They acknowl-
edge the potential for residual confounding in RWD comparisons and 
seek to address uncertainties in the evidence [36].

Sources of Data: NICE encourages the use of high-quality data 
from registries, EHRs, and other real-world datasets. It emphasizes 
the importance of data quality and relevance. 

Eligibility Criteria: NICE stresses the need for RWE studies to 
align with RCT eligibility criteria to ensure comparability. The patient 
populations should match the intervention and comparator condi-
tions of the RCT [34]. 

Temporality: NICE recommends using contemporaneous data 
to reflect current clinical practice and ensure relevance to current 
healthcare settings [34]. 

Population Representation: NICE emphasizes that RWE should 
represent the target population for the intervention to ensure gener-
alizability. They recommend assessing the representativeness of the 
RWE population by comparing demographic and clinical characteris-
tics with those of the RCT population [34]. 

Statistical Methods: NICE has demonstrated a willingness to 
consider different types of evidence and statistical approaches in 
their evaluations, including both frequentist and Bayesian methods. 
NICE has demonstrated a willingness to consider different types of 
evidence and statistical approaches in their evaluations. This suggests 
they may be open to PSM and IPTW when appropriately applied. NICE 
has developed a Data Suitability Assessment Tool (DataSAT) to help 
assess the quality and relevance of RWD for specific research ques-
tions. NICE describes their RWE framework as a “living framework” 
that will be updated periodically to reflect user feedback, learnings 
from implementation, and developments in RWE methodology [35]. 
NICE encourages companies planning to use RWD in their submis-
sions to engage early with NICE Scientific Advice on how to best use 
RWD in their evidence-generation plans [35].

Joint Federal Committee/Gemeinsamer Bundesausschuss 
(G-BA): The G-BA is famous for its “hierarchy of evidence” in its code 
of procedure, that strongly emphasizes the “superiority of systemat-
ic reviews of RCT (Grade Ia) and RCTs itself (Grade Ib)” [37]. G-BA 
maintains that RCTs are the gold standard for evaluating medical in-
terventions but starts cautiously acknowledging the role of RWE un-
der specific conditions.
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Sources of Data: G-BA recommends using high-quality data from 
national health registries and insurance claims. They emphasize the 
importance of data quality and representativeness [37]. 

Eligibility Criteria: G-BA stresses the need for RWE to align with 
the eligibility criteria of RCTs. This includes ensuring that the patient 
populations are comparable in terms of demographics and clinical 
characteristics [37]. 

Temporality: G-BA emphasizes the use of contemporaneous data 
to ensure that the RWE reflects current clinical practices and is com-
parable to the time period of the RCT [37]. 

Population Representation: G-BA emphasizes that RWE should 
represent the broader patient population to ensure generalizability. 
They suggest thorough comparison of demographic and clinical char-
acteristics between RWE and RCT populations [37]. 

Statistical Methods: With respect to Bayesian methods, G-BA is 
generally cautious, preferring frequentist methods and RCT data as 
the gold standard evidence [37].

Institut Für Qualität und Wirtschaftlichkeit im Gesundheits-
wesen (IQWiG): IQWiG is generally skeptical about using obser-
vational RWD for benefit assessments of drugs [38]. According to 
IQWiG, observational data are usually inappropriate for examining 
drug effects in benefit assessments because it may be difficult to es-
tablish causal relationships between treatments and outcomes due 
to unknown differences in patient characteristics and it may also be 
more generally impossible to eliminate confounders even if the con-
founders are known [39,40]. IQWiG strongly prefers randomized 
controlled trials (RCTs) as the gold standard for generating evidence, 
even in supposedly difficult areas or with small study populations.

Sources of Data: IQWiG recommends using high-quality data 
from registries and national health databases. They emphasize the 
importance of data quality and have compiled criteria for data quality 
in registries for benefit assessments of drugs [39,40]. 

Eligibility Criteria: IQWiG stresses the need for RWE studies to 
align with RCT eligibility criteria to ensure comparability. This in-
cludes ensuring that the patient populations are comparable in terms 
of demographics and clinical characteristics [38]. 

Temporality: IQWiG recommends using contemporaneous data 
to reflect current clinical practice and ensure relevance to current 
healthcare settings [38]. 

Population Representation: IQWiG emphasizes that RWE 
should represent the broader patient population to ensure generaliz-
ability. They recommend assessing the representativeness of the RWE 
population by comparing demographic and clinical characteristics 
with those of the RCT population [38]. 

Statistical Methods: IQWiG is cautious about Bayesian methods, 
emphasizing the need for “high-quality evidence” [38]. 

Haute Autorité de Santé (HAS): HAS supports the use of RWE 
to complement RCT data, particularly when RCTs are not feasible. 
Specifically with respect to RWD used as external control arms, HAS 
points out: “The implementation of an external comparison must be 
anticipated and scheduled in advance in order to improve its robust-
ness and ensure it is part of a deductive reasoning approach”. 

Sources of Data: HAS recommends using high-quality data from 
national health databases and registries [41]. They emphasize the im-
portance of data quality and relevance. 

Eligibility Criteria: HAS stresses the need for RWE studies to 
align with RCT eligibility criteria to ensure comparability. This in-
cludes ensuring that the patient populations are comparable in terms 
of demographics and clinical characteristics [41].

Temporality: HAS recommends using contemporaneous data 
to reflect current clinical practice and ensure relevance to current 
healthcare settings [41].

Population Representation: HAS emphasizes that RWE should 
represent the broader patient population to ensure generalizability. 
They recommend assessing the representativeness of the RWE pop-
ulation by comparing demographic and clinical characteristics with 
those of the RCT population [41].

Statistical Methods: HAS supports the use of Bayesian methods 
to integrate evidence from RCTs and RWE [41]. 

Agenzia Italiana del Farmaco (AIFA): AIFA’s formal position on 
RWE and RWD use in HTA seems not to be fully developed or public-
ly articulated. AIFA appears to generally recognize the importance of 
RWE, particularly in supplementing RCT data when RCTs are not fea-
sible. In Italy, like in all other countries, manufacturers seeking reim-
bursement can and have submitted a variety of study results leverag-
ing different RWD sources for health technology assessments (HTAs). 
However, there seem to be no apparent criteria for acceptability be-
yond very general and widely uncontroversial recommendations.

Sources of Data: AIFA recommends using high-quality data from 
national health databases and registries [42]. They emphasize the im-
portance of data quality and relevance. 

Eligibility Criteria: AIFA stresses the need for RWE studies to 
align with RCT eligibility criteria to ensure comparability. This in-
cludes ensuring that the patient populations are comparable in terms 
of demographics and clinical characteristics [42]. 

Temporality: AIFA recommends using contemporaneous data 
to reflect current clinical practice and ensure relevance to current 
healthcare settings [42]. 

Population Representation: AIFA emphasizes that RWE should 
represent the broader patient population to ensure generalizability. 
They recommend assessing the representativeness of the RWE pop-
ulation by comparing demographic and clinical characteristics with 
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those of the RCT population [42]. 

Statistical Methods: AIFA supports the use of Bayesian methods 
to integrate evidence from RCTs and RWE [42,43]. 

Agencia de Evaluación de Tecnologías Sanitarias del Instituto 
de Salud Carlos III (AETS-ISCIII): AETS-ISCIII supports the use of 
RWE to compleent RCT data, particularly when RCTs are not feasible.

Sources of Data: AETS-ISCIII recommends using high-quality 
data from national health databases and registries. They emphasize 
the importance of data quality and relevance [44]. 

Eligibility Criteria: AETS-ISCIII stresses the need for RWE stud-
ies to align with RCT eligibility criteria to ensure comparability. This 
includes ensuring that the patient populations are comparable in 
terms of demographics and clinical characteristics [44]. 

Temporality: AETS-ISCIII recommends using contemporaneous 
data to reflect current clinical practice and ensure relevance to cur-
rent healthcare settings [44]. 

Population Representation: AETS-ISCIII emphasizes that RWE 
should represent the broader patient population to ensure generaliz-
ability. They recommend assessing the representativeness of the RWE 
population by comparing demographic and clinical characteristics 
with those of the RCT population [44]. 

Statistical Methods: AETS-ISCIII recommends using propensity 
score matching (PSM) to balance treatment and control groups based 
on observed covariates [44]. AETS-ISCIII supports inverse probabili-
ty of treatment weighting (IPTW) to balance covariates by applying 
weights based on the inverse of the treatment probabilities [44]. 
AETS-ISCIII advocates for regression models to adjust for differences 
in baseline characteristics between treatment groups [44]. AETS-IS-
CIII supports the use of Bayesian methods to integrate evidence from 
RCTs and RWE [44]. AETS-ISCIII requires sensitivity analyses to test 
the robustness of findings against different assumptions and methods 
[44]. 

Swiss Health Technology Assessment (SwissHTA): SwissHTA 
and other Swiss health authorities recognize the increasing impor-
tance of RWE and RWD in the context of health technology assess-
ments (HTAs) for pharmaceuticals, but maintain a cautious and wait-
and-see approach [45,46]. Similar to G-BA, SwissHTA defines “levels 
of evidence” in line with evidence-based medicine principles, with 
randomized controlled trials ranking highest, followed by prospective 
cohort studies, retrospective studies, case series, and expert opinion 
[46].

Sources of Data: SwissHTA recommends using high-quality data 
from national health databases, registries, and EHRs. 

Eligibility Criteria: SwissHTA stresses the need for RWE studies 
to align with RCT eligibility criteria to ensure comparability. 

Temporality: SwissHTA tends to favor contemporaneous data to 

reflect current clinical practice. 

Population Representation: SwissHTA seems to acknowledge 
a need for representativeness of the RWE population by comparing 
demographic and clinical characteristics with those of the RCT pop-
ulation.

Statistical Methods: SwissHTA tends to consider both frequen-
tist and Bayesian methods. The Swiss Tropical and Public Health 
Institute (Swiss TPH) has a Bayesian Modelling and Analysis group 
that conducts research in advanced statistical modelling and Bayesian 
computation [47].

Chuikyo (Central Social Insurance Medical Council) and JHEP 
(Japan Health Economics and Outcomes Research Foundation): 
The HTA framework in Japan is still evolving, with Chuikyo playing a 
central role in decision-making and JHEP contributing to health eco-
nomic evaluations [48-50]. Japan has recently introduced HTA pro-
cesses and is working towards incorporating RWE and RWD, but their 
use is still limited compared to some other countries [49,50]. The 
Center for Outcomes Research and Economic Evaluation for Health 
(C2H), established in 2018, plays a key role in the Japanese HTA 
process. It is responsible for reviewing economic data submitted by 
manufacturers for cost-effectiveness evaluations. The Central Social 
Insurance Medical Council (Chuikyo) is involved in the HTA process 
in Japan. Manufacturers must submit economic data to the Chuikyo 
committee within nine months if a product meets the selection crite-
ria for cost-effectiveness evaluation. It appears that Japan is still in the 
early stages of integrating RWE and RWD into its HTA framework, and 
further development and guidelines may be forthcoming. There is a 
push for collaboration and involvement of all stakeholders, including 
patients, healthcare providers, and industry, in the HTA process.

China National Health Development Research Center (CN-
HDRC): CNHDRC, part of the National Health Commission, is respon-
sible for HTA in China and has started incorporating RWE in evalu-
ations. In 2019, the CNHDRC led the initiative to incorporate RWD 
into health technology assessments. This decision demonstrates the 
CNHDRC’s commitment to leveraging RWE from the early stages of 
HTA development in China. The CNHDRC aims to use RWD not only 
for HTA but also for broader drug policy reforms. This includes using 
RWD for various aspects of drug assessment such as safety monitor-
ing, survival rates, prescription costs, and surveillance data. The im-
plementation of HTA using real-world settings is expected to be either 
government-led or based on clinical and social needs, while adhering 
to scientific methods and quality control. By deciding to integrate 
RWD at the initial stages of HTA development, the CNHDRC demon-
strates its commitment to staying relevant in this dynamic area and 
its ability to learn from global experiences.

Sources of Data: The CNHDRC plans to utilize data from insur-
ance, procurement, and prescriptions to inform drug pricing, reim-
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bursement, and procurement policy evaluations [51]. 

Eligibility Criteria: RWE studies should align with the eligibili-
ty criteria of RCTs to ensure comparability, with patient populations 
matched in terms of demographics and clinical characteristics [51]. 

Temporality: Contemporaneous data are preferred to ensure 
that RWE reflects current clinical practices and is comparable to the 
time period of the RCT [51]. 

Population Representation: RWE should represent the broader 
patient population to ensure generalizability. Comparison of demo-
graphic and clinical characteristics between RWE and RCT popula-
tions is recommended [51]. The overall approach suggests that the 
CNHDRC is open to innovative uses of real-world data in HTA. The 
center’s focus on incorporating RWD from various sources and its 
commitment to scientific methods indicate that it may be receptive to 
considering RWD-derived external controls as part of its comprehen-
sive approach to HTA.

Comissão Nacional de Incorporação de Tecnologias no Siste-
ma Único de Saúde (Conitec): Conitec oversees HTA in Brazil and 
supports the use of RWE, particularly when RCTs are not feasible. 
There is a growing interest in expanding the use of existing RWD 
sources, such as DATASUS (Brazil’s national health database). Conitec, 
the Brazilian HTA agency, is showing an increasing demand for RWE 
in their reports [52,53].

Canadian Agency for Drugs and Technologies in Health 
(CADTH): The Canadian Agency for Drugs and Technologies in 
Health (CADTH) has published detailed guidance on the use of RWE 
in healthcare decision-making, particularly focusing on the integra-
tion of RWD into regulatory submissions and HTAs [54-56]. CADTH 
defines RWE as evidence regarding the use, safety, efficacy, and cost 
of health products derived from the analysis of RWD. The agency ac-
knowledges the growing importance of RWE in supplementing tra-
ditional clinical trials, particularly in areas where clinical trials may 
not be feasible, such as rare diseases or populations often excluded 
from clinical trials, like children, older adults, and expectant mothers. 
CADTH’s guidance promotes the use of high-quality RWD and empha-
sizes the need for transparent and comprehensive reporting of RWE 
studies to ensure their reliability and reproducibility. This aligns with 
Health Canada’s position.

Sources of Data: CADTH acknowledges a wide range of poten-
tial sources for RWD, which include electronic health records (EHRs), 
administrative data, patient registries, claims databases, and data col-
lected from wearable devices and patient-reported outcomes [54-56]. 
The agency emphasizes the importance of ensuring that these data 
sources are of high quality and relevant to the research question at 
hand. The RWD must be reliable, valid, and collected in a manner that 
minimizes bias and errors to be useful in generating credible RWE.

Eligibility Criteria: In terms of eligibility criteria, CADTH’s guid-

ance highlights the need for pragmatic approaches that reflect re-
al-world clinical practice. Unlike traditional clinical trials, which often 
have stringent eligibility criteria, RWE studies may adopt broader 
criteria to include a more diverse patient population. This approach 
helps in capturing a wider range of patient experiences and outcomes, 
thereby enhancing the generalizability of the findings. However, the 
criteria must still be clearly defined and justified to ensure the study’s 
validity and relevance.

Temporality: While CADTH’s guidance does not explicitly detail 
temporality, it implicitly underscores the importance of considering 
the timing of data collection and the temporal relationship between 
exposure and outcomes. 

Population Representation: CADTH stresses the importance of 
population representation in RWE studies. The agency encourages 
the inclusion of diverse patient populations that are representative of 
those seen in routine clinical practice. 

Clinical Evaluation and Biostatistical Analysis: For clinical 
evaluation and biostatistical analysis, CADTH’s guidance emphasizes 
the need for rigorous methodological standards. This includes ensur-
ing that the study design is robust and appropriate for addressing 
the research question. This may involve using advanced statistical 
techniques to control for confounding factors and biases. Selecting 
meaningful and clinically relevant endpoints that reflect real-world 
outcomes is crucial. Implementing stringent processes for data val-
idation, handling missing data, and ensuring data integrity through-
out the study are also emphasized. Conducting sensitivity analyses to 
assess the robustness of the findings and to account for uncertainties 
and potential biases is recommended. Furthermore, providing clear 
and transparent reporting of the study methods, data sources, and 
findings is vital to facilitate reproducibility and critical appraisal by 
stakeholders. CADTH’s guidance on RWE and RWD-derived external 
control arms reflects a commitment to integrating high-quality RWD 
into healthcare decision-making. The agency’s focus on data quality, 
methodological rigor, and transparent reporting aims to ensure that 
RWE can effectively complement traditional clinical trial data, there-
by enhancing the evidence base for regulatory and HTA decisions.

Regulatory and HTA Guideline Analysis

All regulatory and HTA guidelines reviewed have in common that 
they emphasize the superiority of randomized clinical trial evidence 
for establishing casual relationships. When guidance is provided, the 
focus is on the justification for conducting a RWE study instead of a 
clinical trial rather than providing guidance on preferred designs of 
RWE studies. Another strong trend among both regulatory and HTA 
guidelines is that RWE is seen as complementary evidence. In gener-
al, regulatory guidelines recommend using RWE in clinical trial sup-
port and post-market surveillance. Another area of strong consensus 
seems to be the frequently mentioned requirement of a robust study 
design and reliable methods when using RWD. Some guidelines rec-
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ommend frameworks for study design (e.g., PICO, PICOTS, or PIRO). 
HTA guidelines tend to provide more specific recommendations with 
respect to analytical methods and statistical analysis. Frequently, the 
guidelines require the rationale for using a given method to be pro-
vided. RWD sources primarily collected for non-research purposes, 
such as medical records and claims, are viewed as more challenging 
due to their heterogeneity across healthcare systems and provid-
ers. There seems to be a preference for prospectively designed RWD 
sources, particularly registries. Another area of consensus is the fre-
quently emphasized need for comprehensive documentation of the 
data collection process. Unsurprisingly, another ubiquitous trend is 
that both regulators and HTA organizations highlight the need for 
protecting data integrity and quality throughout the extraction and 
curation processes as well as the importance of transparency in data 
handling practices. Presently, most guidelines do not provide detailed 
guidance on the use of AI in the extraction and analysis of RWD and 
generation of RWE [53]. 

Given the availability of promising methodology in this arena, the 
scarcity of clear recommendations seems problematic. Few guide-
lines provide clear definitions with respect to specific circumstances 
and requirements that, if met, would result in acceptance of RWE, in 
particular external controls derived from RWD. This striking lack of 
clarity and commitment is another strong tendency both among reg-
ulators and HTA organizations. Each HTA body has specific guidelines 
for incorporating RWE into health technology assessments, reflect-
ing their priorities and methodological rigor. While they all recognize 
the value of RWE, the degree of reliance and the preferred statistical 
methods vary. ICER, CADTH, and NICE are particularly proactive in 
using advanced statistical techniques like Bayesian methods, while 
G-BA and IQWiG remain more conservative, emphasizing the gold 
standard status of RCTs and being cautious about newer methods. 
HAS, AIFA, AETS-ISCIII, SwissHTA, Chuikyo/JHEP, China’s CNHDRC, 
and Conitec all support the integration of RWE, but insist on high stan-
dards for data quality and methodological rigor to ensure robust and 
generalizable findings. In summary, while there is a consensus on the 
importance of high-quality data and among regulatory and HTA bod-
ies worldwide, significant differences exist in the degree of prescrip-
tiveness and acceptance of methods such as Bayesian analysis. The 
FDA and PMDA provide the most detailed and prescriptive guidance, 
reflecting a robust methodological framework. In contrast, agencies 
like G-BA and IQWiG remain more conservative, emphasizing RCTs 
as the gold standard and being cautious about newer methodologies.

Methods
The search strategy for this systematic literature review is de-

signed to identify and analyze studies related to the use of external 
control arms in the context of RWD and RWE. The aim is to gather a 
comprehensive and relevant set of publications from the recent years, 
specifically from 2019-2024. The keywords used in the search strate-
gy are focused on two main concepts: external control arms and RWE/
RWD. The search string employed is: (“external control” OR “external 
control arm”) AND (“RW” OR “RWE” OR “RWD” OR “real world data” 
OR “real world evidence”). This combination ensures that the search 
is broad enough to capture various terminologies used in the litera-
ture while being specific enough to filter out irrelevant studies. The in-
clusion criteria for this review are tailored to capture case studies and 
commentaries related to the regulatory or HTA use of RWD-derived 
external controls. This includes case studies that focus on regulatory 
or HTA applications, as well as commentaries from regulatory bodies, 
HTA bodies, and industry-related experiences regarding the use of 
RWD-derived controls for regulatory or HTA purposes. Additionally, 
value-based agreements, particularly those involving coverage with 
evidence development (CED), were included. To ensure the relevance 
and quality of the studies, several exclusion criteria are applied.

Methodology papers explaining analysis methods, systematic 
reviews on methodological topics, and case studies that do not cov-
er regulatory or HTA-related usage of RWD-derived controls were 
excluded. Systematic reviews that do not address regulatory or 
HTA-related usage of RWD-derived controls, studies focused on phar-
macovigilance without reference to RWD or RWE, and value-based 
agreements that do not mention RWD or RWE were excluded as well. 
The search was conducted on PubMed and Google Scholar. After initial 
screening based on titles and abstracts, a detailed review of the full 
texts of potentially relevant studies to confirm their inclusion based 
on the established criteria was conducted. Relevant data from the in-
cluded studies were extracted, focusing on the application, outcomes, 
and commentary regarding RWD-derived external controls in regula-
tory and HTA contexts (Figure 1). In addition, a search for single-arm 
pivotal trials on ClinicalTrials.gov has been conducted. Identified 
compounds were reviewed with respect to RWE usage with respect to 
regulatory and HTA-related submission in their respective indications 
and selected if reasonable evidence on RWE usage or RWD-derived 
external controls with respect to regulatory and HTA-related submis-
sions was publicly available, which resulted in the identification of the 
remaining compounds, belzutifan, sotorasib, and Zolgensma.
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Figure 1: Search results (PRISMA framework).

Results
In total, seven recent drug approvals have been identified that 

utilized single-arm trials supported by RWD-derived external control 
arms to generate comparative evidence.

Rybrevant (amivantamab)

Amivantamab, approved by the FDA in May 2021, is used for the 
treatment of non-small cell lung cancer (NSCLC) with EGFR exon 
20 insertion mutations. The approval was based on the CHRYSALIS 
study, a single-arm trial that demonstrated significant clinical activity. 
To provide comparative context, RWD was incorporated, which in-
cluded historical patient data and real-world outcomes from similar 
patient populations who had not received amivantamab. This strate-
gy was crucial due to the rarity of the mutation and the challenges in 
conducting traditional randomized controlled trials (RCTs). The FDA’s 
acceptance of this approach reflects a broader trend towards embrac-
ing non-traditional study designs, recognizing the potential of RWD to 
fill gaps where RCTs are not feasible. The FDA’s guidance on the use of 
externally controlled trials underscores the importance of early and 
strategic data planning, emphasizing the need for robust data capture 
and validation methods to ensure the reliability of RWD [57,58]. The 
European Medicines Agency (EMA) has granted conditional market-
ing authorization for the treatment of advanced non-small cell lung 
cancer (NSCLC) with activating EGFR exon 20 insertion mutations on 

October 14, 2021. As part of the conditional approval, the marketing 
authorization holder, Janssen-Cilag International N.V., was required to 
fulfill specific post-authorization commitments. 

These included conducting a randomized, open-label Phase III 
study comparing amivantamab in combination with carboplatin 
and pemetrexed therapy against carboplatin and pemetrexed alone 
in the first-line treatment of advanced or metastatic NSCLC patients 
with activating EGFR exon 20 insertion mutations. This requirement 
underscores the EMA’s emphasis on gathering robust data to con-
firm the efficacy and safety of new therapies. The FDA’s and EMA’s 
decision-making processes regarding amivantamab illustrates a pro-
active approach to facilitating access to groundbreaking therapies 
while ensuring that ongoing studies provide the necessary evidence 
to support their continued use and expansion in clinical practice. 
The German Joint Federal Committee (G-BA) did not see “any addi-
tional benefit” of amivantamab vs. best supportive therapy, as G-BA 
considers the RWD-derived external controls to be “limited in qual-
ity” [59]. NICE states that amivantamab meets NICE’s criteria to be 
considered a life-extending treatment at the end of life, but does not 
recommend amivantamab for similar reasons: “Indirect comparisons 
using real-world evidence on immunotherapies, platinum-based che-
motherapy, and docetaxel with or without nintedanib suggest that 
amivantamab increases how long people live, and how long they have 
before their cancer gets worse. But this is uncertain because there is 
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no direct comparison, and because of the way the real-world evidence 
was chosen and presented” [60]. In contrast, CADTH recommended to 
“reimburse with clinical criteria and/or conditions” [61].

Welireg (belzutifan)

Belzutifan, approved by the FDA in August 2021, targets von 
Hippel-Lindau (VHL) disease-associated renal cell carcinoma. The 
approval was based on STUDY 004, a single-arm trial that showed 
promising results. To enhance the robustness of the data, RWD was 
used to create an external control arm, drawing from historical pa-
tient records and real-world clinical outcomes. This approach provid-
ed a necessary comparative context, highlighting the drug’s efficacy 
and safety profile. Other regulatory agencies, most notably EMA, have 
been much more cautious. CADTH has recommended reimbursement 
based on the available clinical trial evidence, which “suggested that 
treatment caused tumors to shrink or disappear for adult patients 
with VHL-associated nonmetastatic RCC” [62].

Lumykras (sotorasib)

Sotorasib, approved by the FDA in May 2021 for KRAS G12C-mu-
tated NSCLC, is another example of a drug approved based on a sin-
gle-arm trial supplemented with RWD. The CODEBREAK 100 trial 
provided the primary efficacy data, while RWD from historical and 
contemporary patient cohorts offered a comparative benchmark. This 
strategy was essential in demonstrating the drug’s benefit in a patient 
population with limited treatment options. The use of RWD in this 
case was instrumental in providing a comprehensive understanding 
of the drug’s impact, facilitating a faster and more informed regula-
tory review process. Based on the same data package, sotorasib has 
been approved as well by EMA, MHRA, and Swissmedic. G-BA con-
siders this data package insufficient to demonstrate “any additional 
value” in favor of sotorasib, primarily because G-BA considers the 
“descriptive comparison of arms from different studies to be unad-
justed and insufficient” [63]. HAS recommended reimbursement but 
came to a similar verdict with respect to additional value (ASMR 5) 
[64]. NICE recommended sotorasib “for use within the Cancer Drugs 
Fund as an option for treating KRAS G12C mutation-positive locally 
advanced or metastatic non-small-cell lung cancer in adults whose 
disease has progressed on, or who cannot tolerate, platinum-based 
chemotherapy or anti-PD-1/PD-L1 immunotherapy” as NICE consid-
ers the “indirect comparison” with current treatment to be “promis-
ing” [65].

Zolgensma (onasemnogene abeparvovec)

In the case of Zolgensma, real-world data from natural history 
studies of SMA patients were used to provide a comparative con-
text for the single-arm trial results. These data helped to illustrate 
the significant improvement in motor function and survival rates in 
treated patients compared to the natural progression of the disease, 
thereby supporting the regulatory approval process. According to the 
FDA, “The primary evidence of effectiveness is based on results from 

the 21 patients treated with Zolgensma in the ongoing clinical trial. 
In this trial, there are 19 remaining patients, who range in age from 
9.4- 18.5 months; 13 of these 19 patients are at least 14 months of 
age. Compared to the natural history of patients with infantile-onset 
SMA, patients treated with Zolgensma also demonstrated significant 
improvement in their ability to reach developmental motor mile-
stones (e.g., head control and the ability to sit without support)” [66]. 
EMA “conditionally approved” Zolgensma as well [67]. NICE has con-
sidered natural history studies and recommended Zolgensma [68]. 
The history of G-BA’s verdict is more evolved. After the drug’s sales 
exceeded the “orphan drug sales” threshold, the drugs benefits have 
been reevaluated and “no additional benefit” could be discovered 
[69], mostly based on methodological shortcomings of indirect treat-
ment comparisons based on clinical evidence. HAS expressed a “fa-
vorable opinion for reimbursement in the treatment of patients with 
5q spinal muscular atrophy (SMA) with a bi-allelic mutation in the 
SMN1 gene and a clinical diagnosis of SMA Type 1 and 2 or pre-symp-
tomatic SMA, with up to three copies of the SMN2 gene” because of 
“results that suggest a marked improvement compared to the natu-
ral course of the disease after two years in symptomatic patients but 
without recovery” [70].

Ayvakyt (avapritinib)

While the FDA approved avapritinib for the treatment of ad-
vanced systemic mastocytosis (AdvSM) based on the results from 
a single-arm pivotal trial [71], EMA approved considering a com-
bination of data from a single-arm pivotal trial and RWE [72]. The 
single-arm trial provided the primary clinical data, while the RWE 
served as an external control to contextualize and support the effi-
cacy findings from the trial. This RWE provided an external control 
arm, which helped to indirectly compare the efficacy of avapritinib 
against other treatments, thereby supporting the regulatory decision. 
G-BA refused to consider the same RWE in its assessment of the addi-
tional benefit in Germany, arguing that the “limited study documen-
tation” and the methodology used for the indirect comparison made 
it impossible [42]. To compare the RWD-derived external control arm 
with the clinical trial treatment arm, the manufacturer had both used 
a “naïve historic comparison” and an “unanchored” matching-adjust-
ed indirect comparison “based on aggregated data without bridge 
comparator” [73].

Tecartus (brexucabtagene autoleucel)

Brexucabtagene autoleucel was granted Accelerated Approval by 
the FDA for relapsed or refractory mantle cell lymphoma based on a 
single-arm trial with 74 patients [74]. The FDA granted Orphan Drug 
designation, Breakthrough Therapy designation, and Priority Review 
to brexucabtagene autoleucel for this indication [74]. There is no ex-
plicit mention in the search results of RWE or RWD-derived external 
controls being used in the FDA approval process for brexucabtagene 
autoleucel in MCL. NICE recommended usage within the Cancer Drug 
Fund based on the single-arm trial [75]. Half a year later, G-BA con-
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ditionally approved brexucabtagene autoleucel with unquantifiable 
additional benefit despite considering the matching-adjusted indirect 
comparison based on a meta-analysis summarizing eight external 
control studies to be inconclusive due to study population diversity 
[76]. CADTH recommended reimbursement based on the single-arm 
trial and the review committee argued “that the uncertainty in results 
of the sponsor-submitted unanchored MAIC were compounded be 
the inclusion of lower-quality comparator trials and clinical hetero-
geneity across studies” [77].

Enhertu (trastuzumab deruxtecan)

Trastuzumab deruxtecan is approved and widely reimbursed in 
multiple indications, partly based on single-arm trials or Phase II 
studies that compare two dosages of trastuzumab deruxtecan. RWE 
for efficacy evaluation has been included in the European public as-
sessment report. With respect to HER2-positive NSCLC, G-BA consid-
ers the additional benefit of trastuzumab deruxtecan not demonstrat-
ed because no comparison with any therapeutic alternative has been 
submitted [78]. Recently, the FDA granted Accelerated Approval to 
trastuzumab deruxtecan (April 2024) for adult patients with unre-
sectable or metastatic HER2-positive (IHC 3+) solid tumors who have 
received prior systemic therapy and have no satisfactory alternative 
treatment options based on single-arm trial evidence [79].

Discussion
In conclusion, the integration of RWD-derived external control 

arms in single-arm clinical trials represents a significant advancement 
in drug development, particularly for rare diseases and in the arena 
of precision medicine. Regulatory and HTA guidelines uniformly em-
phasize the superiority of RCTs for establishing causal relationships. 
When guidance is provided, it focuses on justifying RWE studies over 
clinical trials rather than specifying preferred RWE study designs. 
Both regulatory and HTA guidelines consider RWE as complementa-
ry evidence. Regulatory guidelines typically recommend using RWE 
for clinical trial support and post-market surveillance, emphasizing 
robust study design and reliable methods when utilizing RWD. RWD 
sources primarily collected for non-research purposes, like medical 
records and claims, are viewed as more challenging due to their het-
erogeneity. There is a preference for prospectively designed RWD 
sources, particularly registries. Comprehensive documentation of 
the data collection process and maintaining data integrity and qual-
ity throughout extraction and curation are frequently emphasized. 
Transparency in data handling practices is also crucial. Few guide-
lines clearly define the specific circumstances and requirements for 
accepting RWE, particularly external controls derived from RWD. This 
lack of clarity and commitment is a notable trend among regulators 
and HTA organizations [80]. 

Each HTA body has specific guidelines for incorporating RWE into 
HTAs, reflecting their priorities and methodological rigor. While all 
recognize RWE’s value, the degree of reliance and preferred statisti-

cal methods vary. Organizations like ICER, CADTH, and NICE proac-
tively use advanced statistical techniques such as Bayesian methods, 
whereas G-BA and IQWiG are more conservative, upholding RCTs as 
the gold standard and being cautious about newer methods. Other 
agencies like HAS, AIFA, AETS-ISCIII, SwissHTA, Chuikyo/JHEP, Chi-
na’s CNHDRC, and Conitec support integrating RWE, but demand high 
standards for data quality and methodological rigor. Overall, there is 
consensus on the importance of high-quality data and advanced sta-
tistical methods among regulatory and HTA bodies worldwide, with 
differences in prescriptiveness and acceptance of methods like Bayes-
ian analysis. This approach has facilitated approvals of innovative 
therapies like Rybrevant, Welireg, Lumykras, Zolgensma, Ayvakyt, Te-
cartus and Enhertu, providing robust evidence of efficacy and safety 
in the absence of traditional RCTs. The overall positive reception by 
regulatory agencies highlights the potential of RWD to transform clin-
ical research and expedite access to new treatments for patients with 
unmet medical needs. With respect to the added benefit, HTA bodies 
in general seem to adopt a more cautious approach with respect to 
RWE usage and, in particular, RWD-derived external controls. While 
NICE and CADTH seem to be more open to RWE usage and RDW-de-
rived modeling than most other HTA bodies, G-BA and particularly 
IQWiG tend to be a bit more cautious and conservative.
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