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Highlights

� Multiple studies have elicited the
views of health technology
assessment (HTA) agencies and
other key stakeholders on barriers
to the acceptance of real-world data
(RWD) studies more generally,
including concerns relating to
methodology (eg, residual biases),
data availability, governance and
quality, and limited trust in RWD
studies, as well as barriers relating
to HTA policy and partnerships.

� We focus specifically on the barriers
to the acceptance of nonrandomized
studies (NRS) estimating
comparative effectiveness. We
outline a pathway determining the
acceptance and assign the
responsibility for specific barriers to
key stakeholders, including (1)
evidence-appraisers (HTA agencies),
such as providing comprehensive
methodological guidelines for
conducting NRS, (2) evidence
Objectives: Evidence about the comparative effects of new treatments is typically collected in
randomized controlled trials (RCTs). In some instances, RCTs are not possible, or their value is
limited by an inability to capture treatment effects over the longer term or in all relevant popu-
lation subgroups. In these cases, nonrandomized studies (NRS) using real-world data (RWD) are
increasingly used to complement trial evidence on treatment effects for health technology
assessment (HTA). However, there have been concerns over a lack of acceptability of this
evidence by HTA agencies. This article aims to identify the barriers to the acceptance of NRS and
steps that may facilitate increases in the acceptability of NRS in the future.

Methods: Opinions of the authorship team based on their experience in real-world evidence
research in academic, HTA, and industry settings, supported by a critical assessment of existing
studies.

Results: Barriers were identified that are applicable to key stakeholder groups, including HTA
agencies (eg, the lack of comprehensive methodological guidelines for using RWD), evidence
generators (eg, avoidable deviations from best practices), and external stakeholders (eg, data
controllers providing timely access to high-quality RWD). Future steps that may facilitate future
acceptability of NRS include improvements in the quality, integration, and accessibility of RWD,
wider use of demonstration projects to highlight the value and applicability of nonrandomized
designs, living, and more detailed HTA guidelines, and improvements in HTA infrastructure
relating to RWD.

Conclusion: NRS can represent a crucial source of evidence on treatment effects for use in HTA
when RCT evidence is limited.
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 generators (manufacturers), such as
whether latest best practices are

adhered too, and (3) external

stakeholders (eg, data controllers),
such as whether there is timely
access to high-quality RWD.

� We discuss future steps requiring a
joint effort between all
stakeholders that could facilitate
increased acceptability of NRS,
including improvements in the
quality and accessibility of RWD,
use of demonstration projects to
benchmark NRS results against RCT
evidence and highlight the value
and applicability best-practice
methods, and ensuring up-to-date
and detailed HTA real-world
evidence guidelines.
Introduction

Randomized controlled trials (RCTs) are widely considered to
be the gold-standard for assessing the comparative effectiveness
and safety of health technologies. However, there are situations
where RCTs are not possible, for example, in rare diseases in
which it is difficult to design well-powered RCTs. In these cases,
nonrandomized studies (NRS) using (partly) routinely collected
“real-world data” (RWD) in administrative data sets, disease
registries, and electronic health records may offer the best
alternative approach to estimating comparative effectiveness.
These NRS can also complement randomized evidence, by
providing estimates of treatment effects in a routine care setting,
over the longer term, or in population subgroups typically
excluded from RCTs.

Regulatory drug approvals have been increasingly informed by
NRS, particularly for treatments of serious and life-threating condi-
tions.1,2 Consideration of evidence from real-world external control
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arms (RW-ECAs)
providing comparator
data for single-arm tri-
als (SATs) in sub-
missions to the US Food
and Drug Administra-
tion (FDA) have been
cited as a key driver of
the rapid development
of cancer drugs.3 The
use of NRS for regula-
tory approval has sub-
sequently affected the
evidence available at
the time of health
technology assessment

(HTA), with NRS (particularly from RW-ECAs) becoming increasingly
prevalent in HTA submissions.4,5
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Other uses of RWD, for example, for identifying unmet need,
assessing the generalizability of RCT populations, extrapolating trial
outcomes, and for deriving inputs to economic models other than
comparative effectiveness (eg, resource use, utilities, event rates,
and disease prevalence and incidence), have been broadly accepted
for informing reimbursement decisions.6 However, concerns
around the limitations of NRS, most importantly the threat of re-
sidual confounding due to the absence of randomization and other
pitfalls, such as information and selection biases, have discouraged
the full acceptance of these studies as substitutes for RCTs by HTA
agencies,7 with a recent survey of EUnetHTA member HTA organi-
zations highlighting that acceptance is lowest for combination
therapies and personalized medicine.8 For example, the Institute for
Quality and Efficiency in Health Care (IQWiG) in Germany have
explicitly raised concerns over NRS replacing RCTs9 and often have
not considered NRS evidence even if of high quality and used by
other HTA agencies to inform decisions. HTA agencies’ reluctance
toward NRS has persisted despite recent advancements in best
practices relating to study design, data source selection, the appli-
cation of advanced causal inference methods, and the increased use
of quantitative bias analysis (QBA) to systematically explore the
impact of residual biases.

Multiple studies have elicited the views of HTA agencies and
other key stakeholders on barriers to the acceptance of RWD
studies more generally,10-14 including concerns relating to meth-
odology (eg, residual biases), data availability, governance and
quality, and limited trust in RWD studies, as well as barriers relating
to HTA policy and partnerships.15 In this policy perspective, we
focus specifically on the barriers to the acceptance of NRS in HTA,
that is, barriers preventing the routine use of NRS for decision
making when RCT evidence is absent or limited. We also outline a
pathway determining the acceptance of NRS and assign the re-
sponsibility for specific barriers to key stakeholders, including (1)
evidence-appraisers (HTA agencies), such as providing compre-
hensive methodological guidelines for conducting NRS, (2) evidence
generators (manufacturers), such as whether latest best practices
are adhered too, and (3) external stakeholders (eg, data controllers),
such as whether there is timely access to high-quality RWD.

We also discuss future steps requiring a joint effort between all
stakeholders that could facilitate increased acceptability of NRS,
including improvements in the quality and accessibility of RWD, use
of demonstration projects to benchmark NRS results against RCT
evidence and highlight the value and applicability best-practice
methods, and ensuring up-to-date and detailed HTA real-world
evidence (RWE) guidelines. Such steps have the potential to
harmonize the generation and acceptance of high-quality NRS,
which could enable faster and better-informed healthcare resource
allocation and decision making where RCT evidence is not available.

These barriers and solutions primarily relate to the acceptance
of NRS at initial HTA submission (in which RW-ECAs will be
commonplace), but equally apply to NRS conducted for compar-
ative effectiveness reappraisal (where RWDmight be the sole data
source), which is increasingly cited as an important component of
life-cycle approaches to HTA.16-18 These barriers and solutions
reflect the opinions of the authorship team based on their expe-
rience in RWE research in academic, HTA agency, and industry
settings and supported by evidence from a critical assessment of
the existing literature. The views are those of the authors alone
and do not necessarily reflect the views of their employers.

Barriers to the Acceptance of NRS

Figure 1 outlines a conceptual framework determining the
acceptance of NRS by HTA agencies. It demonstrates that NRS will
only be accepted by HTA agencies if 4 requirements are met. First,
that requirements and procedures in methodological RWE
guidelines published by HTA agencies are consistent with best
practices. Second, that it is possible to implement best practices
outlined in these guidelines, which is partly determined by
whether data controllers produce high-quality RWD that can be
accessed in a timely manner. Third, that best practices are
implemented by manufacturers (or by external practitioners
conducting analysis on their behalf) appropriately and that
implementation of best practices can produce evidence of suffi-
cient quality to support HTA decision making. This is in part
determined by whether causal inference methods (developed by
expert methodologists) are available to address these needs.
Finally, acceptance requires that, conditional on high-quality NRS
being included in HTA submissions, HTA agencies have the tools
and knowledge in place to adequately judge quality and accept
this evidence. In the following, we discuss each of these
requirements.

Limitations of guidelines
Best practices relating to NRS describe methods and ap-

proaches that minimize key biases in the use of RWD. Biases
primarily include threats to internal validity, such as confounding,
information bias, selection bias, time-related biases (eg, immortal
time bias), and reverse causation.19,20 However, when NRS use
data from outside of a decision maker’s target population (eg, data
from another jurisdiction or care setting), biases relating to threats
to external validity are also relevant and can be caused by char-
acteristics driving treatment effect heterogeneity (effect modi-
fiers) differing between study populations (estimation samples)
and the target population.21 Concerns over the lack of “trans-
portability” of treatment effects have implicitly led to a preference
for the use of local RWD.22

Figure 2 provides a summary of these best practices, based on
the latest published literature. This includes the systematic iden-
tification and evaluation of alternative RWD sources, the use of
target trial emulation (TTE) in study design,23,24 use of causal
inference methods, such as matching, weighting, and g-methods
for minimizing observed baseline and time-varying confound-
ing,25 quasi-experimental methods for addressing unobserved
confounding,25 and methods for minimizing information bias26

and bias due to a lack of external validity.27,28 The figure also
describes recommendations for sensitivity analysis to explore the
robustness of results to residual bias,29-32 for the clear reporting of
results,20,33,34 and for the selection of appropriate RWD sources.35

However, unlike methodological guidance relating to RCTs,
best practices are rarely comprehensively described in methodo-
logical guidelines published by HTA agencies. A review of 41
published guidelines from regulators, HTA agencies, RWD initia-
tives, and professional societies found that HTA RWE guidelines
failed to provide sufficient guidance on criteria relating to study
design, data quality and relevance, analytical methods, and
transparency/reproducability.36 This incompleteness is found in
international methodological guidelines too, meaning that HTA
agencies relying on references to other guidelines for more detail
(as done in guidelines from Haute Autorité de Santé) will also be
providing incomplete information.

In cases where key elements of best practice are absent from
guidelines, those carrying out NRS must determine best practices
using fragmented information from other sources. In some cases,
approaches taken will diverge from those expected by HTA com-
mittees, especially in cases where there is limited consensus
across guidelines about what constitutes best practice. For
example, a recent press release from IQWiG criticized submissions



Figure 1. Barriers to the acceptance of NRS by HTA agencies.

HTA indicates health technology assessment; NRS, nonrandomized study; RWD, real-world data.
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for not conducting sensitivity analysis,37 but IQWiG guidelines
provide little detail on what specific sensitivity analyses are rec-
ommended and fail to describe methods for key biases other than
confounding.22

However, the recently published National Institute for Health
and Care Excellence (NICE) RWE framework represents a crucial
step forward.38 The framework provides detailed recommenda-
tions for comparative effectiveness studies relating to assessing
data suitability, study design (TTE), analysis to minimize multiple
sources of bias, sensitivity analysis to explore residual biases
(including how QBA can be used alongside other approaches),
and reporting standards. However, gaps still exist. For example,
although the framework states that a “transparent, systematic,
and reproducible process” should be used to identify con-
founders using published literature and expert opinion, it does
not highlight tools that can be used elicit expert opinion, such as
advisory boards or consensus methods, such as Delphi methods.
Because these tools are not specifically used only for NRS, such
methods need not be described in detail, but reference to
external information on these tools are also absent. Similarly, as
with other HTA RWE guidelines, the framework does not high-
light methods that can increase transportability and fails to
outline all methods that can be used to adjust for confounding
(including doubly robust methods). Although the NICE Decision
Support Unit has published technical support documents
relating to NRS methods,39,40 the latest was released in 2016 and
does not cover the current best practices relating to primary and
sensitivity analysis.

Challenges with following best practice, data quality,
and access

In cases where HTA RWE guidelines provide detailed infor-
mation on study approaches, it is then the responsibility of
manufacturers to ensure these best practices are followed by
studies informing HTA. If best practices are not followed, the
quality of evidence may be questionable and may be rejected by
HTA agencies. Although comprehensive HTA RWE guidelines will
increase adherence to best practice, the absence of these should
not be used to justify deviations from best practice. It is the ulti-
mate responsibility of manufacturers to ensure analysis is robust,
and analysts should follow methodological guidelines when con-
ducting NRS.

Findings from multiple studies suggest that avoidable de-
viations from best practices are common. A review of NRS iden-
tified that 81% of studies had at least 1 major methodological issue
known to cause substantial bias.19 Similarly, a recent press release
from IQWiG outlined frequent nonadherence to their guidelines.37

Consequences of such deviations can be severe, with biases of
w50% in either direction if rules of TTE and adjustment for time-
varying confounding are ignored.41 Also, in response to sub-
missions using RW-ECAs as pivotal evidence, NICE have criticized
submissions for not systematically identifying and evaluating
RWD sources, leaving uncertainty over whether alternative RWD
sources could have been more suitable.42,43

However, manufacturers following best practices in design and
analysis may not be sufficient if RWD is not of high quality and/or
is not readily available, and this is arguably the responsibility of
external stakeholders rather than manufacturers. For example, a
failure to control for all relevant confounders or emulate eligibility
criteria of the target trial may be driven by insufficient richness of
available RWD, an issue cited by HTA agencies as a driver of
rejection of NRS37 and as barrier to the adoption of RWD more
generally.8

In addition, RWD may often be used to estimate comparative
effectiveness when timely decisions are needed on life-saving
therapies.44-46 Gaining access to detailed RWD, including those
collected and funded by public bodies, is frequently a costly and
lengthy process. In some instances, RWD studies may face a trade-
off between the richness of the data and a need to ensure time-
liness of decision making.

Furthermore, many HTA agencies state a preference for the use
of local data22,38 and report low acceptance of RWD from other
countries.8,37 However, the availability of high-quality RWD varies
considerably across countries, meaning that the choice of RWD
source often involves a compromise between data quality and
locality.



Figure 2. Summary of best practices in the design and conduct of NRS.

NRS indicates nonrandomized study.
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Finally, when examining effectiveness in rare diseases/pop-
ulations, although larger samples are a potential strength of using
RWD over RCTs, sample sizes can still be small (particularly when
RW-ECA designs are used). This may drive manufacturers to
control for only a subset of confounders, despite data on other
confounders being available.

Of course, it is sensible for HTA agencies to consider bias
resulting from deviations from best practice as a limitation, irre-
spective of the reason for these deviations. However, where de-
viations are out of the control of manufacturers, there may be
cases where HTA agencies should recognize that the “best avail-
able evidence” in certain therapeutic/disease areas will be asso-
ciated with greater levels of uncertainty and consider adjusting
the expected level of certainty needed to inform decision making
in these cases.

The potential for unexplained biases
Conditionalonbestpracticesbeing followedandhigh-qualityRWD

being available, acceptance of NRS to inform HTA decision making
depends on the extent to which unexplained biases are possible.

Unlike RCT evidence, consistency of estimates from NRS will
always rely on untestable assumptions that are open to criticism.
For example, even if data are available on all confounders identi-
fied via experts and/or literature reviews, gaps in expert knowl-
edge and the existence of unmeasurable confounders may lead to
residual confounding.
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Although quasi-experimental designs can help address
unobserved confounding, they also require distinct untestable
assumptions to be met. For example, the validity of
commonly used geographical variables used in instrumental
variable designs have been shown to be questionable47 and
have led IQWiG to highlight potential limitations of instru-
mental variable methods for comparative effectiveness
purposes.22

Many studies have attempted to assess residual bias in NRS by
examining their ability to reproduce results from RCTs. These
have shown that self-inflicted biases are often a bigger problem
than unmeasured confounding by demonstrating that when
using appropriate study design, causal frameworks and appro-
priate analytical methods, NRS can reliably approximate results
from well-conducted RCTs.41,48-53 However, such replication is
not always successful.54 Although early results from RCT
DUPLICATE suggest success in replication, full emulation was
difficult for some RCTs, and the study identified that differences
between RCT-derived and NRS-derived effects would have
affected regulatory conclusions in 40% of studies.55 Difficulty in
replication tends to be largest for placebo-controlled RCTs
because of a higher risk of intractable confounding because in
clinical practice nonusers are likely those with very mild disease
(requiring no treatment) or very severe disease (with contrain-
dication for all treatments).55,56

The potential for greater residual bias in some settings means
that acceptance of NRS by HTA agencies will likely continue to be
made on a case-by-case basis. We note however that QBA
methods allow the impact of residual biases to be systematically
explored, by examining the size of bias required to change a result
(eg, treatment effect relative to some decision-making threshold)
or estimating the direction, magnitude, and uncertainty of bias
associated with treatment effects. Although QBA methods can
only reduce uncertainty with evidence and not eliminate it, we
argue that the use of QBA should mean that high-quality NRS
should be accepted by HTA because it allows uncertainty to be
clearly assessed and documented. In these cases, HTA agencies
could also make use of conditional reimbursement schemes,
where available, making a decision based on NRS evidence while
requiring randomized evidence or further NRS evidence be
collected.

Ingrained reluctance or inability to accept even high-
quality NRS by HTA agencies

A final potential barrier to acceptance is the rejection of high-
quality NRS by HTA agencies. HTA agencies are often clear that
NRS will only be considered in cases which RCT evidence cannot
be produced, and some argue that, in the long-run, RCTs are al-
ways possible.57 If manufacturers are unable to convince HTA
committees that an RCT was not possible, then even well-
conducted NRS could be rejected. However, we note it is often
unclear what metrics HTA committees use to determine the
feasibility of an RCT.

Second, acceptance is harmed by ingrained perceptions that
NRS are always of low quality. Consistent with quality-assessment
tools frequently used in clinical guidelines,58 consensus among
HTA bodies is that the quality of evidence on treatment effects
from NRS will always be inferior. For example, IQWiG states that
the “accuracy of assumptions and confounding adjustment can
never be validated. Therefore, such analyses can only be consid-
ered to provide a low degree of qualitative certainty.”22 Although
it is sensible for HTA agencies to prefer RCT evidence in cases
which they are available, there is a concern that evidence from
NRS is being judged identically without sufficient reflections on
their quality.
Some HTA agencies or committees may also have insufficient
expertise to correctly assess NRS. In cases which guidelines are not
precise, acceptability of analysis is more dependent on the
knowledge of HTA committees on best practices and under-
standing of causal methods. Limited expertise relating to NRS may
lead to nonrobust NRS being accepted for decision making or risk-
averse committees rejecting high-quality evidence. This issue was
highlighted in a qualitative study informing the CanREValue
Collaboration, in which stakeholders cited that the lack of
knowledge of best-practice methods made NRS easy to criticize.59

In addition, user profiles accompanying the NICE RWE framework
state that an aim of the framework is to improve knowledge of
HTA committees in NRS methods and indicate that relevant
expertise in this area is currently limited.38 To reduce this concern,
manufacturers should ensure best practices are implemented and
that any NRS methodological guidelines followed are clearly cited
to highlight their use to committees.

Finally, there exist institutional barriers that limit the ability of
HTA agencies to accurately assess NRS. The CanREValue Collabo-
ration highlights that some HTA agencies are already stretched
beyond capacity in terms of finances, expertise, and leadership.
The complexity of NRS means they take longer to evaluate;
therefore, adding evaluation of NRS on top of existing workloads
may be resulting in limited capacity to conduct detailed assess-
ments.59 The collaboration also cited a historical lack of engage-
ment with industry partners as a barrier, with key stakeholders
working in silos.59

Future Steps to Increase the Acceptability of
Nonrandomized Evidence

Potential steps to reduce barriers to the acceptance of NRS by
HTA agencies are outlined in Figure 3.

Improvements in HTA RWE guidelines
If NRS are to be conducted as rigorously as RCTs, gaps in HTA

RWE guidelines need to be addressed and the level of guidance
needs to mirror that for RCTs. For example, the NICE Decision
Support Unit publishes technical support documents (TSDs) pro-
vide detailed guidance on the use of analytical methods for HTA
studies, along with case studies and example code.60 However,
such TSDs have focused on guidance for both RCT-based analyses
or decision modeling informing HTA. A TSD to accompany the
NICE RWE framework is warranted, or existing TSDs covering
NRS39,40 should be updated to include latest best practices,
including guidance on rigorous study design (eg, TTE), contem-
porary causal inference methods (eg, g-methods for time-varying
confounding), and sensitivity analysis to address potential residual
confounding (eg, QBA). Other HTA agencies should consider
providing guidance of similar detail. More detailed guidance not
only provides clarity onwhat HTA agencies expect and will accept,
they can also provide important considerations regarding the
application of methods specifically in a HTA context.

Furthermore, HTA guidelines should be clear onwhat decision-
making criteria they are using to determine whether an RCT is not
feasible and suggest what evidence manufacturers need to pro-
duce to inform this decision.

In addition, although guidelines may need to differ across
countries because of differences in decision criteria, greater
harmonization across decision makers is warranted. Although
numerous payer-led or payer-involved collaborative initiatives
(such as RWE4Decisions) have been summarized previously,15

new collaborative initiatives have been announced and should
be exploited to drive further harmonization both across payers
and between payers and regulators. The AUS-CAN-NZ-UK



Figure 3. Future steps to reduce the barriers to acceptance of NRS.

HTA indicates health technology assessment; NRS, nonrandomized study; RCT, randomized controlled trial; RWD, real-world data; RW-ECA, real-world
external control arm.
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collaboration added Institut National d’excellence en Santé et
Services Sociaux (INESS) and Pharmac to its collaboration agree-
ment in July 2023, and a joint approach to improving HTA and
regulatory collaboration is cited as a key priority.61 EU HTA
regulation was passed in December 2021, introducing a require-
ment for joint clinical assessment (JCA) of technologies and an
option for accessing early advice via joint scientific consultation.62

Plans for new guidance, created by a new Coordination Group
(comprising representatives from national HTA agencies), offers
the opportunity to further outline a shared position on NRS across
EU HTA agencies. This will build on the latest EUnetHTA guidance,
which hinted at more cautious approach to NRS by stating that,
because of greater uncertainty surrounding results from NRS, only
large NRS-generated treatment effects will be deemed accept-
able.63 JCAs will initially focus on therapies in which NRS features
more frequently in submissions (cancer drugs in January 2025,
orphan drugs in January 2028); therefore, decisions from these
will strengthen our understanding on the EU’s latest views on the
acceptance of NRS. JCA recommendations are nonbinding; there-
fore, deviations from joint recommendations by national HTA
agencies should be identified because these will act as a barom-
eter for the degree of harmonization. In addition, because joint
scientific consultation members also include representatives from
the European Medicines Agency (EMA), this process may
encourage greater harmonization between the EMA and EU HTA
agencies. Joint guidance between regulators and HTA agencies, in
situations which are appropriate, should be an end goal.

HTA RWE guidelines must also be living guidelines. Best
practices are fast-moving and HTA agencies must keep abreast of
the latest methods development to ensure they do not become
out-of-date. Other HTA agencies should follow NICE’s example,
who have committed to continually update their RWE framework.

As highlighted in the NICE RWE framework’s user profiles,
detailed guidelines may also stimulate removal of other barriers.38

For example, these can improve knowledge of HTA committees by
providing accessible summaries of best practice, act as a tool to
connect HTA bodies and manufacturers at an early stage, mitigate
potential design and analytical flaws, provide directions for im-
provements in data quality, and help identify gaps in best practice
for which more methodological research might be needed.

In addition to methodological guidance, wider use of reporting
tools is crucial for ensuring transparency on behalf of manufac-
tures (and consequently, improving trust in NRS results) and
ensuring that HTA agencies have the information they need to
correctly judge quality. Tools such as the EUnetHTA’s Registry
Evaluation and Quality Standards Tool (REQueST) tool64 and
NICE’s Data Suitability Assessment Tool (DataSAT) tool35 should be
used to ensure key data source characteristics and justification of
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the suitability for answering a specific research question is re-
ported, and the new HARmonized Protocol Template to Enhance
Reproducibility (HARPER)33 and under-development TrAnsparent
ReportinG of observational studies Emulating a Target trial
(TARGET) guidelines34 should be considered for reporting key el-
ements of study design and analysis. HTA RWE guidelines should
be clear regarding which reporting tools they expect manufac-
turers to use.

Improvements in the quality, integration, and access
to existing RWD sources

An important step to encourage further acceptance of NRS in
HTA is to improve the timely access and quality of RWD. Regarding
data quality, machine learning (ML) techniques, such as natural
language processing, have the potential to increase the efficiency
of identifying information on key variables from unstructured data
compared with costly and time-consuming manual abstraction
without compromising data accuracy.65 For example, Flatiron
Health used natural language processing to derive an algorithm to
identify patients with metastatic breast cancer, which demon-
strated considerable sensitivity with no differences in average
outcomes and baseline characteristics relative to test cohorts
generated using only manual abstraction.66 The breadth of vari-
ables included in RWD sources can be increased through inte-
gration of multiple existing data sources across organizations and
different care settings. Current examples in the United Kingdom
include the DATA-CAN initiative, which is a collaboration between
industry, academia, and NHS organizations to link oncology data
from multiple sources,67 and the NHS Digital Secure Data Envi-
ronment, which provides linked de-identified patient-level data
across multiple care settings.68,69

Improvements in data infrastructure, for example, the creation
of digital platforms for accessing data, such as OpenSAFELY and
the Secure Data Environment, and the creation of Federated Data
Networks, such as the European Health Data and Evidence
Network and DARWIN EU,70 have the potential to facilitate more
timely access to RWD. Such infrastructure can also help stan-
dardize data management pathways across data sources and
overcome data sharing barriers.71 The use of common data
models, such as the Observational Medical Outcomes Partnership
(OMOP) CDM, which has been adopted by the EMA,72 allow
standardized analytical packages to be used across multiple in-
ternational data sources and could stimulate greater acceptance of
international RWD. The EU Data Quality Framework and the
linked RWD use cases73 may provide a tool to ensure the quality of
data sources and subsequently increase standardization.

Demonstration projects
Demonstration projects are required that focus specifically on

methods addressing the most pressing concerns of HTA agencies
and describing situations in which they are most appropriate.
These could build on existing projects, such as those exploring
how reassessments using RWD can inform living guidelines,16 and
those highlighting the usefulness of QBA in a HTA setting.29,74,75

First, it is important that the number and type of trial emula-
tion studies continues to expand. Emulation studies have pri-
marily focused on NRS using a single RWD source, and further
studies are required to assess whether RCT findings can be repli-
cated using RW-ECA designs that are prevalent in initial HTA
submissions (for example, by analyzing RCTs as SATs and replacing
randomized control arms with RW-ECAs). Emulation studies have
also primarily been conducted using data from the United States
and Europe, and studies are needed to examine whether RCTs
conducted outside of these regions (where quality and availability
of RWD is more limited) can be replicated using NRS. Also, a
movement away from studies retrospectively replicating pub-
lished RCT results (which are subject to researcher bias) to studies
prospectively predicting results from ongoing RCTs should
continue.76-78 Finally, given the proliferation of trial emulation
studies, systematic literature reviews may be useful for identifying
when and where emulation is most successful and therefore when
and where the use of NRS is most appropriate.

Second, projects should extend RCT DUPLICATE, which
currently examines consequences for regulatory decisions, by
examining the degree to which differences between NRS-derived
and RCT-derived treatment effects would affect HTA decisions
(where cost-effectiveness models may use NRS as inputs). This
may involve calculating impacts on incremental cost-effectiveness
ratios and on subsequent conclusions regarding cost-effectiveness
(ie, whether differences cause incremental cost-effectiveness ra-
tios to shift across common cost-effectiveness thresholds).

Third, as highlighted previously, QBA methods are crucial for
encouraging the acceptance of high-quality NRS by allowing the
impact of potential residual biases to be systematically explored in a
way that facilitates decision making under uncertainty. Further
empirical applications of thesemethods arewarranted, particularly
in treatments for rare diseases and rare-driver mutations in
oncology, for which small RWD samples are likely to result in
incomplete adjustment for observed confounding. Similarly, ap-
plications of negative control outcomes, cited as an additional
approach for examining residual bias in the NICE RWE framework,
would be very valuable, especially because identifying these out-
comes in RWDmight be challenging. In addition, the Observational
Patient Evidence for Regulatory Approval Science and Under-
standing Disease (OPERAND) project showed that 2 different
research teams independently emulating RCTs using the same data
sources, made different design (eg, eligibility criteria) and analysis
(eg, estimation methods) decisions, resulting in different RWD co-
horts.79 This suggests that researcher decision making may be an
important source of variation in RWD studies, and further research
assessing its impact on estimated treatment effects, is warranted.

Fourth, existing demonstration projects focus primarily on the
evaluation of time-fixed treatments, but time-varying/dynamic
treatment strategies are increasingly common (eg, in personal-
ized medicine). Building on recent examples,41,80 applications
adjusting for time-varying confounding, and the use of QBA in this
setting, are needed.

Fifth, given that concerns over the use of international RWD is
cited as an important barrier by HTA agencies, demonstrating the
use of methods to increase external validity are crucial, especially
given the limited knowledge of these methods by practitioners
and the dearth of applications specifically adjusting for both
confounding and differences in effect modifiers between study
and target populations.81 Studies applying these methods with
RW-ECA designs are particularly needed because the possibility of
data from SATs and ECA being drawn from different countries adds
additional complexity.

Sixth, recent studies have highlighted the role ML could play in
RWD studies,65 including techniques to identify confounders and
functional forms, such as LASSO,82 and casual inference methods
that incorporate the use of ML, including double/debiased ML.83

However, the limitations of these methods are unknown, and
their complexity means that they are less accessible to both
practitioners and HTA agencies. Case studies are needed to explore
the circumstances in which ML methods can complement existing
approaches in meaningful ways.

Lastly, further applications of quasi-experimental methods for
estimating cost-effectiveness would be useful, particularly in
settings that the assumptions required by these methods are likely
to be plausible.84
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Improvements in HTA infrastructure
Further investments within HTA agencies are needed to

improve their capacity to assess the quality of NRS. This could be
facilitated by inviting causal inference experts to join HTA com-
mittees in which nonrandomized evidence is being presented and
by supporting education programs, such as the European Health
Data and Evidence Network (EHDEN) academy,85 to upskill staff in
best practices in study design and analytical methods.

Investment is also needed to maintain the rapid development
of NRS methods that will increase the possibility that following
best practices leads to decision-grade evidence. Continued fund-
ing support for RWE initiatives are central to this, with examples
including the EU funding of the GetReal Initiative86 and specific
methods development work via the HORIZON Europe pro-
gramme,87 and continued regulatory and HTA support (eg, from
the FDA and NICE) for RWE/RWD demonstration projects.88,89

Where HTA agencies and regulators are interested in similar/
identical topics, the creation of joint funding sources and forums
to share experiences may represent useful ways to stimulate and
improve learnings from research activities. Coworking opportu-
nities identified in the section “Improvements in HTA RWE
guidelines” may present useful avenues for implementation.

Finally, early engagement between manufacturers and HTA
agencies is crucial for ensuring alignment on whether a planned
NRS is likely to be appropriate and whether key design and
analysis elements need to be adapted to increase acceptability.
HTA agencies need to ensure that mechanisms are in place to
facilitate the sharing of early scientific advice relating to NRS.
Semi-binding commitments on acceptance following from this
advice may incentivize detailed discussion and HTA agency in-
vestment in skilled staff.36

Conclusion

NRS have key limitations for the estimation of treatment effects
but may provide crucial evidence for assessing the comparative
effectiveness of health technologies in cases that RCT evidence is
limited. This study identified key barriers to acceptability of non-
randomized evidencebyHTAagencies that could be addressed by the
actions of manufacturers, HTA agencies, and external stakeholders.
We propose steps for improving the acceptability of NRS in HTA
requiring joint effort from all stakeholders, including improvements
in guidelines, greater quality and accessibility of RWD, expansion of
demonstration projects, and stronger HTA infrastructure.
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