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Executive Summary

Background & Objective The unprecedented value and long-term uncertainties of gene therapies
have challenged established health technology assessment (HTA) methods. Real-world data (RWD)
and real-world evidence (RWE) have gained traction for their potential role in filling the evidence gap that
HTA bodies encounter in appraising gene therapies. Yet, the existing body of literature fails to specify
what role real-world data currently plays and could potentially play in future gene therapy HTAs.
Substantial differences in amenability could pose feasibility challenges in aligning HTA bodies for future
joint clinical assessments. As such, the objective of this research is to “identify feasibility challenges
in alignment for EU-wide gene therapy joint clinical assessments, based on the current and future role
that real-world data and real-world evidence play in gene therapy HTASs”.

Methods An initial literature review laid the theoretical foundation for the research. It unveiled a
scarcity of literature that delivers empirical evidence on gene therapy HTA practices and the role that
RWD/RWE plays in HTAs. A multi-faceted retrospective comparative analysis of EMA-approved gene
therapy HTAs delivered this empirical evidence. Preliminary findings were probed in three use cases
and verified in semi-structured interviews.

Results Nineteen HTA reports published by the HTA bodies G-BA (Germany) and NICE (England)
were identified for the ten in-scope gene therapies.

Most challenges and considerations in gene therapy HTAs were similar to that of other therapy types.
Similarly, HTA bodies have no frameworks or payments schemes tailored explicitly to gene therapies.

Both the absolute volume of RWD/RWE usage and the RWD/RWE acceptance rates of G-BA and NICE
differed substantially; Whereas NICE had an average inclusion of 14 sources per HTA report (with an
acceptance rate of 56%), G-BA had 8 (with 32% acceptance rate).

RWD/RWE was found to have the lowest acceptance rate if it supports evidence on an external com-
parator. On the other hand, RWD/RWE supporting the effectiveness of the intervention is relatively
often accepted by both NICE and G-BA.

Based on the exclusion rationales, two main factors for not accepting RWD/RWE were identified. One
was insufficient information to substantiate the choice of RWD/RWE; the other was an inappropriate
RWE study design, which does not reflect the standard of care practices.

Conclusion The retrospective comparative analysis unveiled differences in RWD/RWE usage in
gene therapy HTAs, which may lead to feasibility challenges in future joint clincal assessments. To
optimise the transferability of these outcomes to national HTA bodies, alignment on assessment ele-
ments and evidentiary requirements is necessary. This research proposes that, based on differences
in RWD/RWE usage, particular aspects of the PICO framework may be more difficult to align on than
others. Achieving alignment in a multi-stakeholder environment may be challenging, as differences
in available resources and existing knowledge result in differences in absorptive capacity among HTA
bodies. Such differences should be considered in future alignment strategies, as they may impede
collaboration efforts, which play a key role in facilitating alignments and the corresponding knowledge
transfer. To this point, the research provides ’stepping stones’ for future research to implement knowl-
edge diffusion models and formulate strategies to increase adoption of research output

Moreover, this research proposes that when manufacturers consider submitting RWD/RWE for gene
therapy HTAs, they should be critical towards the data that they submit and towards the appropriateness
of the RWE study design. To guide such reflections and prevent the potential additional administrative
burden from joint clinical assessments, the work proposes that manufacturers should take an increas-
ingly active role in the innovation system.
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Introduction

Biomedical advances and innovations have considerably improved healthcare outcomes across the
world. This is especially true for the early 215! century, following multiple synergistic scientific discover-
ies, including the finalisation of the human genome project and the development of the genetic modifica-
tion tool CRISPR/Cas9 (Green et al., 2015). In fact, the recent record-breaking speed of the COVID-19
vaccine development is considered to symbolise a “renaissance of scientific innovation” (Ernst & Young
LLP, 2021). Indeed, while revolutionary technologies like cell & gene therapies, mRNA vaccines, and
personalised medicine once appeared fiction, these health technologies have now started to become
a reality.

1.1. Market approval and market access of health technologies

Health technologies refer to an “intervention developed to prevent, diagnose, or treat medical condi-
tions; promote health; provide rehabilitation; or organise healthcare delivery” (HTA Glossary, 2021). As
such, they play a crucial role in solving global challenges that healthcare systems face (Farid, 2019).
Nevertheless, biomedical innovation is merely one aspect of getting novel health technologies to the
patients. Subsequent steps generally include obtaining marketing authorisation, health technology as-
sessments, and price negotiations.

The first step, marketing authorisation, is granted by regulatory agencies, i.e. the Food and Drug Ad-
ministration (FDA) in the United States or the European Medicines Agency (EMA) in the European
Union (EU). These agencies assess the evidence on the quality and safety of a new health technology
for a specific patient population. After receiving marketing authorisation, pharmaceutical companies
may need to obtain reimbursement for their product. In most countries, reimbursement, also referred
to as market access, can be vital for patient access because the prices are often too high for individu-
als to pay for themselves (Zaprutko et al., 2017). If a health technology is reimbursed, it is considered
a national health expenditure cost that will be covered by social health insurance or national health
services. Reimbursement decision-making and corresponding price negotiations with the health tech-
nology manufacturer are often based on health technology assessments (HTAs).

Health technology assessments

An HTA is defined as “a multidisciplinary process that uses explicit methods to determine the value of
a health technology at different points in its lifecycle” (O’Rourke et al., 2020). Its purpose is to inform
decision-makers, thereby promoting an equitable, efficient, and high-quality health system (O’Rourke
et al., 2020). HTAs have been compared to a bridge between science and policy that allows for the
transfer of knowledge derived from scientific research to the decision making process (Battista, 1996).
The output of an HTA is a recommendation regarding the reimbursement of a particular health technol-
ogy that could be classified as positive, restricted or negative. This recommendation is then taken into
account by public and private payers in pricing and reimbursement decisions (Trosman et al., 2011).

Health technology assessment bodies

Contrary to the centralised marketing authorisation process in the EU, these reimbursement decisions
are made on a national level (Kleijnen et al., 2012). Each HTA body assesses the added value of a
new health technology in the context of its local standard of care (Van Nooten et al., 2012). Therefore,

1



2 1. Introduction

a particular health technology may receive reimbursement in one country but not in the other.

Despite the differences between HTA bodies, four archetypes can generally be defined (IQVIA, internal
research and Jean et al. (2018)). The (former) EU5 countries (e.g. France, Germany, Italy, Spain, and
the UK) tend to give a good overview of the different archetypes (Figure 1.1). It should be noted that
these archetypes are not stringent and that HTA bodies may consider aspects that are also relevant
for other HTA body archetypes.

. Country Examples
Archetypes Primary Goal (not exhaustive)
Relative Effectiveness | Comparing clinical evidence of a new .
Assessments product to an existing comparator
Al
Cost.Effectiveness Understand value fpr_money of a new
treatment vs. an existing treatment 1 [S
Budget Optimization tIfff(ljclerg/tly allocating the limited ‘ ' )
udget/resources -
- Commercial viability — attractive plan
Competitive design that generates business and =
Rationalizing ) —
profit —
Free Market (MCOs & PBMs)

Figure 1.1. HTA Archetypes in the (former) EU5 + US. Modified from IQVIA internal research. MCO: Managed care organi-
sation. PBM: Pharmacy benefit managements.

HTA bodies within the comparative clinical effectiveness archetype (i.e. France & Germany) are partic-
ularly interested in the additional clinical benefit that a new therapy may bring to the healthcare system
compared to existing alternatives. Therefore, this approach is often referred to as a relative effective-
ness assessment (REA).

HTA bodies in the cost-effectiveness archetype (i.e. UK) are generally more concerned with the value
for money that a new treatment will bring. This value is often evaluated using cost-effectiveness assess-
ment (CEA) models. In such assessments, the incremental cost per quality-adjusted life-year (QALY)
is modelled against a willingness-to-pay threshold.

For markets such as Spain and Italy, the HTA outcome is primarily determined by the budget impact of
a new health technology, given the inevitable resource constraints. The financial consequences of a
new health technology within a specific healthcare setting are estimated using a budget impact model
at either a national, regional, or local level.

The remaining group of HTA bodies can be categorised as free-market payers. The primary objective
of these private agencies is to be profitable. HTA outcomes are based on the formulary design of a
health technology and negotiations with the manufacturer.

Joint clinical assessments

While HTA bodies focus on different aspects of a drug’s value, it appears that nationally performed
REAs may result in considerable duplication of work and inefficient use of resources (Garattini and
Padula, 2020).

To facilitate knowledge transfer between different agencies on HTA methodologies, the European Net-
work for Health Technology Assessment (EUnetHTA) was established (EunetHTA, 2021).

EunetHTA aims to “increase quality and efficiency of joint HTA work at the European level” (EunetHTA,
2021) through joint clinical assessments. Similar collaborative approaches to HTAs are explored by
different EU-member states (BeNeLuxA, 2021).

Recently, the European Commission adopted a new regulation on HTAs that formalises a centralised,
supranational approach (European Commission, 2021). The prospective EU-wide HTA process aims
to harmonise the national HTA processes to generate a single, joint clinical assessment, focusing on
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REAs of innovative medicines and medical devices. However, further clarity and alignment on aspects
like evidence requirements is needed (Kanavos et al., 2019). Substantial differences in evidence re-
quirements could pose feasibility challenges to the transferability to national HTA bodies, potentially
leading to additional administrative and regulatory barriers (Kanavos et al., 2019).

Real-world data and real-world evidence

Varying evidence requirements may therefore pose a considerable challenge to the joint clinical as-
sessment concept. In traditional evidence-based medicine, particular clinical study methodologies are
placed in a hierarchy based on the relative strength of evidence they deliver (Figure 1.2).
Double-blind, randomised controlled trials have long been considered as the golden standard for ev-
idence generation on clinical efficacy and safety (Velasco-Garrido and Buss, 2005). However, the
inherent uncertainty regarding the (long-term) benefits of gene therapies may often not be captured
within the conventional time-frame of such trials.

A

Cohortstudies

Cross-sectional

studies Real-world

Case-control study evidence

Case series study
Expertopinion

Figure 1.2. General hierarchy of evidence. Based on Katkade et al. (2018) and Murad et al. (2016). *: Not exhaustive. RCT:
Randomised controlled trail.

Alternative study designs may provide supplementary evidence on the studied health technology. Such
studies have increasingly been embraced in healthcare systems as real-world data (RWD) and real-
world evidence (RWE). Especially in the medical device industry, it has been widely adopted (Sherman
etal., 2016).

Contrary to randomised controlled trials, RWE generally has a low internal validity and high external
validity. In other words, while the randomised controlled trials may be more valuable in demonstrating
causality, RWD and evidence may provide helpful information on the outcomes of the health technol-
ogy in a setting that is representative of routine clinical practice. Therefore, real-world studies may
supplement randomised controlled trials to fill evidentiary gaps on the relative effectiveness of a health
technology.

However, HTA bodies appear reluctant to wide-scale adoption of RWD/RWE. In part, its adoption is im-
peded by the association of RWD/RWE with confounding bias and the lack of quality and transparency
in data (Bowrin et al., 2019). Another major hurdle impeding widespread use of RWD and RWE in HTAs
is the lack of guidance for HTA bodies on what RWD and -evidence entails, how to appraise it and what
it can be used for (Makady et al., 2017b). At the same time, lacking guidance from HTA bodies for the
industry on the RWD quality requirements has also impeded adoption.
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Gene therapy medicinal products

A therapeutic area where RWD/RWE may play an increasingly important role, is that of gene therapy
medicinal products (from here on referred to as ‘gene therapies’). Following the definition provided
by the EMA, gene therapies work by “inserting 'recombinant’ genes into the body, usually to treat a
variety of diseases, including genetic disorders, cancer or long-term diseases” (European Medicines
Agency, 2021). This translates to these therapies having the potential to target the underlying cause
of genetic conditions and acquired diseases and potentially prevent, treat or cure genetic conditions
and hereditary diseases. However, this potential value appears to be accompanied by extremely high
pricing. Although many factors may contribute to this price, two, in particular, are recurrently mentioned
in literature. On the one hand, this price is derived from the high costs and risks associated with
developing and manufacturing these therapy types (Angelis et al., 2020). The paradigm used in the
price-setting strategy, on the other hand, also appears to play a role. Advocates justify the price by the
considerable savings from curing chronic conditions that would otherwise require more costly lifelong
medical interventions (Yla-Herttuala, 2015).

Nevertheless, much like the potential value, the potential long-term patient benefits are uncertain. Ev-
idence on long-term effectiveness is scarce during reimbursement decision-making, as the claimed
effectiveness may exceed the time horizon of clinical trials that support the HTA dossiers. Although
extrapolation of costs and effects is not uncommon in economic evaluations, little evidence and expe-
rience substantiate treatment durability assumptions. Moreover, gene therapies commonly target rare
diseases, where it may not be feasible to conduct double-blind, randomised clinical trials due to prac-
tical or ethical reasons (Hettle et al., 2017; Coyle et al., 2020). Considering these inherent challenges,
RWD/RWE may play an important role in filling in the encountered evidence gaps.

1.2. Problem statement

HTA assessment methods originate from the 1970s and have been incrementally adapted to new health
technologies and changing healthcare systems (Banta, 2009). However, the recent introduction of gene
therapies has demonstrated that established HTA methods may no longer suffice. The unprecedented
potential value of these therapies, combined with the long-term uncertainty of health outcomes, chal-
lenge these methods that are commonly designed to capture short-term and direct impacts (Leyens
and Brand, 2016). As a result, gene therapies “push against the boundaries of the methodological and
budgetary capacity available” (Angelis et al., 2020).

RWD/RWE may be essential in filling the evidence gap that HTA bodies encounter in appraising these
therapy types. The potential of RWE usage is increasingly recognised in the literature. However, the
lack of consensus on the definition appears to be a factor that impedes adoption in practice (Jaksa et
al., 2021). The authors note that HTA bodies may not align on questions that could be answered by
RWD/RWE and on how its quality could be assessed. This misalignment may be further confounded
by the varying quality of evidence within a particular study design in the evidence hierarchy (Figure
1.2) (Murad et al., 2016). Similarly, RWE guidance for and from HTA bodies appears limited, forming
another barrier for adoption from HTAs and the industry.

Despite the increased attention for RWD/RWE, empirical evidence on how gene therapies are currently
assessed in HTAs appears to be scarce. The literature also fails to specify what role RWD/RWE cur-
rently plays and could potentially play in the future in gene therapy HTAs. As noted earlier, substantial
differences in evidentiary requirements could potentially pose feasibility challenges joint clinical assess-
ment concept. As such, varying amenability of RWD/RWE usage by HTA bodies could be indicative
of potential challenges in aligning HTA bodies for future joint clinical assessments, thereby impeding
transferability of its outcomes.
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1.3. Research objectives & questions

The need to tailor HTAs to gene therapies is becoming more urgent, given the prospect of an increasing
number of cell & gene therapies seeking market access in the coming years. Indeed, FDA (2019b)
predict that from 2025, 10-20 cell and gene therapy products will be approved annually. In a similar
vein, Eder and Wild (2019) recently identified 141 advanced development stage clinical trials (Phase
[l and IV) investigating cell & gene therapies.

Joint clinical assessments of these technologies may present opportunities to allow for faster and more
uniform assessments, as well as improved patient access to innovative health technologies (European
Commission, 2021; Kanavos et al., 2019). However, Allen et al. (2017) note that “in order to move
forward to a more harmonised HTA environment within Europe, it is first necessary to understand the
variation in HTA practices within Europe”. Substantial variations in how HTA bodies assess the added
clinical benefit of a new health technology may pose feasibility challenges to joint clinical assessments.
Alignment on this aspect is hypothesised to form a boundary condition for future EU-wide clinical as-
sessments of gene therapies.

Therefore, the objective of this thesis is to “identify feasibility challenges for alignment in EU-wide gene
therapy HTAs, based on how they are currently assessed and the current and future role that RWE
plays in the decision-making process”.

Following the research objective, the main question to be addressed in this research is:

“What are the implications of RWD/RWE usage by HTA bodies for achieving alignment in future joint
clinical assessments of gene therapies? ”

To conduct this research in a structured way, several sub-questions are defined:

1. How are gene therapies currently assessed in HTAs?
This sub-question provides insight into the recent gene therapy HTA landscape developments.
The objective is twofold; the first objective is to gather empirical evidence and understand the
current situation. In addition, relevant findings from the literature will be compared to the gathered
empirical evidence.

2. (a) What role does RWD/RWE play in the HTA appraisal process of gene therapies?
(b) How has RWD/RWE usage in gene therapy HTAs evolved?

Complementary to sub-question 1, this question aims to develop an overview of the RWE usage
in gene therapy HTAs. More specifically, both a quantitative and qualitative understanding of the
added value of RWE in these HTAs will be developed.

3. (a) What factors impact RWD/RWE usage in gene therapy HTA appraisals?
(b) What are steps to be taken to extend RWD/RWE usage in HTA appraisals of gene therapies?

Following a practical understanding of the field, this sub-question aims to identify factors such
as guidelines or attitudes that may impact RWD/RWE usage. In addition, the findings of the
previous sub-questions are integrated to identify potential misfits between factors that may impact
RWD/RWE usage and practice. Such misfits may present opportunities for which enablers should
be defined.

4. What are the implications of RWD/RWE usage by HTA bodies for their alignment in the assess-
ment of gene therapies?
The final sub-question aims to integrate the findings of the previous sub-questions and identify
potential feasibility challenges for alignment between HTA agencies. The outcome is then placed
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in the context of the recently accepted legislation that enables EU-wide joint clinical assessment
of gene therapies.

5. What are the implications of RWD/RWE usage by HTA bodies for gene therapy manufacturers?
In addition to the previous question, the findings will also be interpreted from the perspective of
gene therapy manufacturers.

1.4. Scientific contribution & societal relevance

From an academic perspective, this research is relevant because the apparent misfit between estab-
lished HTA methods, gene therapies and the potential role of RWE has only sporadically been linked
in literature. This research aims to deliver empirical evidence to address this knowledge gap. By doing
so, it aims to contribute to the driving force behind innovation in HTA methodology, as “the improve-
ment of evaluation methods will be driven by academics and not HTA agencies, as the latter tend to
be conservative, asking for increasingly large volumes of evidence, without an appetite for innovative
methodology” (Pochopien et al., 2021).

Moreover, insights derived from varying RWD/RWE usage and amenability can be used in strategy
development to achieve alignment of HTA bodies in future European joint clinical assessments.

The research is also considered relevant from a practical perspective. While industry experts appear to
have a sense of recent developments, empirical evidence is lacking. Therefore, the generated insights
may be used to understand better how RWD/RWE is being used in practice. Moreover, these insights
may help gene therapy manufacturers understand relevant considerations when submitting RWD/RWE
in future HTAs.

1.5. Scope

The research focuses on RWD and RWE usage in HTAs of gene therapies approved by the EMA
between December 2015 and December 2020. The scope is limited to HTA reports published by the
German HTA body Gemeinsamer Bundesausschuss (G-BA) England’s National Institute for Health and
Care Excellence (NICE) between December 2015 and November 2021.

1.6. Thesis layout

This chapter provided an introduction to the research area and the problem that the presented research
aims to solve. The thesis proceeds as follows. First, additional background on key terminology is pro-
vided, after which a literature review on the intersection of these key terms is presented. The literature
review will lay the foundation for the research presented in this thesis. The subsequent chapter elab-
orates on the research methodology and discusses data collection and analysis methods. Next, in
chapter 4, a retrospective analysis of EMA-approved gene therapy HTAs is presented to deliver empir-
ical evidence on this aspect. Three illustrative use-cases provide context to the identified RWD/RWE
usage. Preliminary findings and the underlying assumptions will be probed in semi-structured inter-
views as described in chapter 5. Chapter 6 addresses the limitations of this research and discusses
the scientific and managerial contributions. Finally, the thesis concludes with key findings, opportunities
for future research, and links to the Management of Technology study programme. The bibliography
and appendices will complement this thesis.



Background & Literature Review

This chapter provides additional background information on the topics mentioned in the introduction. In
addition, a literature review is presented to obtain a better understanding of relevant concepts and the
current state of the literature. By analysing and synthesising relevant scientific literature, a knowledge
gap may be identified to serve as a basis for the presented research.

2.1. Background

First, additional information will be provided on the concept of joint clinical assessments, as well as the
two HTA bodies that are in-scope of this thesis (G-BA (Germany) and NICE (England)). The subsequent
section will define real-world evidence and compare it to the golden standard of medical evidence
generation. Finally, information is provided on recent developments regarding real-world evidence
usage.

HTA bodies

G-BA

In Germany, EMA marketing authorisation grants automatic reimbursement to most medicinal products.
These new drugs are priced freely for the first 12 months after launch, pending completion of the G-
BA early benefit assessment (locally referred to as Arzneimittelmarkt-Neuordnungsgesetz (AMNOG),
which translates to Pharmaceuticals Market Reorganisation Act)).

The manufacturer must submit a benefit dossier to the G-BA at the launch time. The G-BA then com-
missions the independent Institute for Quality and Efficiency in Health Care (IQWiG) to evaluate the
health technology at hand. However, for therapies that target rare diseases (orphan drugs), G-BA as-
sesses the therapy, and IQWiG only assesses patient numbers and costs. Based on this assessment,
the G-BA decides on the level of additional benefit compared to an appropriate comparator therapy.
An additional benefit is defined as “a patient-relevant therapeutic effect in mortality (extension of sur-
vival), morbidity (shortening of the illness duration/improvement or delayed deterioration in the state
of health), quality of life and/or safety/tolerability (reduction of side effects)” (IQVIA, internal research).
There are six gradations to indicate the extent of additional benefit (Schulz et al., 2020):

» Quantifiable additional benefit, categorised as

— Major additional benefit: Sustainable and not-yet achieved large improvement of the therapy-
relevant benefit (e.g. healed or considerable improvement in overall survival, long-term ab-
sence of serious symptoms or avoidance severe side effects)

— Considerable added benefit: not-yet achieved significant improvements of therapy-relevant
benefits (e.g. reduction of serious symptoms, moderate increase of overall survival time or
relevant avoidance of (severe) side effects)

— Minor added benefit: not-yet achieved moderate improvements of the therapy-relevant ben-
efits (e.g. reduction of non-serious symptoms or avoidance of adverse effects)

» Non-quantifiable additional benefit: scientific data do not allow any quantification

* No additional benefit: no additional benefits are proved

7
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+ Less additional benefit than the comparative therapy: benefits of the therapy are less than benefits
of the appropriate comparator

Schulz et al. (2020) note that German legislation states that EMA approval sufficiently indicates ad-
ditional benefit for orphan therapies. Consequently, the latter two benefit categories (‘'no additional
benefit’ and ’less additional benefit’) are not applicable in these cases. Moreover, the evidence re-
quirements for orphan therapies are less stringent, as they do not have to be compared against a
comparator. However, if the annual sales of an orphan therapy exceed €50 million, the manufacturer
has to re-submit a full dossier, including an appropriate comparator.

Based on the extent of additional benefit in the AMNOG report, the reimbursement price is negotiated
to be effective from the 13" month.

NICE

Rather than focusing on the relative effectiveness of a therapy, NICE focuses more on the cost-
effectiveness of a drug.

The English HTA body uses one of three appraisal routes: single technology appraisals (a single ther-
apy), multiple technology appraisals (several therapies used for one condition) or highly specialised
technology (HST) appraisals (drugs for very rare conditions). Before the NICE review, the manufac-
turer submits an evidence report to an independent evidence review group. This evidence submission
package includes data on cost-effectiveness, clinical efficacy and safety.

NICE evaluates the incremental cost-effectiveness ratio based on the estimated costs per QALY. QALY's
reflect the state of health of an individual, expressed both in quality and length of life, so that one QALY
is equal to one year of life in perfect health (NICE, 2021b). The number of QALY is calculated by
estimating the number of years of life remaining for a patient following a particular treatment, weighted
by the utility value that is associated with a given health state (expressed on a scale from 0 (death) to
1 (full health)).

Based on the clinical efficacy and cost-effectiveness, NICE issues an appraisal recommendation:

* Recommended for use in line with marketing authorisation from EMA or in line with expected
usage in clinical practice

* Recommended for a subset of patient populations

* Recommended for use in the cancer drug fund (applicable when there is uncertainty concerning
clinical efficacy and cost-effectiveness of a cancer drug)

* Only in research

» Not recommended if the drug is ineffective or not cost-effective in comparison to current treatment
practices

While there is no formal threshold below which a health technology is considered to be cost-effective,
therapies with an incremental cost-effectiveness ratio above £30,000 per QALY are generally unlikely
to receive a positive appraisal (IQVIA, internal research and NICE (2013)). However, the threshold
for ultra-orphan diseases in highly specialised technology programs is more generous, varying from
£100,000 to £300,000 (NICE, 2021a).

Joint clinical assessments

From the descriptions provided above, the inherent differences between HTA bodies become appar-
ent. For the different HTA archetypes, value may constitute different aspects: for G-BA added value
comprises the added benefit that a new therapy may bring, based scientific evidence that may or may
not prove this benefit. For NICE, added value is quantified in the incremental cost-effectiveness ratio,
based on the estimated costs per QALY. These inherent differences of value perceptions may illustrate
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potential challenges in European collaboration efforts.

Yet, over the last years, EUnetHTA has laid a strong foundation for sustainable EU-wide cooperation
by providing methodological frameworks and guidelines, as well as harmonised databases (Erdos et
al., 2019).

In addition to the above, EunetHTA aims to “increase quality and efficiency of joint HTA work at the
European level” (EunetHTA, 202 1) through joint clinical assessments. Similar collaborative approaches
to HTAs are explored by different EU-member states (BeNeLuxA, 2021).

Recently, the European Commission adopted a new regulation on HTAs that formalises a centralised,
supranational approach (European Commission, 2021). The prospective EU-wide HTA process aims
to harmonise the national HTA processes to generate a single, joint clinical assessment, focusing on
REAs of innovative medicines and medical devices. While the idea may sound appealing, the legislation
has been controversial. For one, member states have expressed their concerns on their sovereignty in
the HTA process (Garattini and Padula, 2020). To this point, the legislation states that member states
remain ultimately responsible for concluding the REA outcome. They may complement the outcome
with additional analyses needed to assess added value in their national healthcare context. However,
the European Federation of Pharmaceutical Industries and Associations (EFPIA) argues that if member
states can decide if and how they use the joint work on a case-by-case basis, this could result in an
arbitrary and unpredictable system (APM Health Europe, 2021).

Kanavos et al. (2019) describe the legislation as a step in the right direction. However, the authors
note that further clarity and alignment on aspects like evidence requirements across therapeutic areas
is needed to prevent unnecessary administrative and regulatory barriers.

Real-world data and real-world evidence

In 2017, Makady and colleagues gathered and reviewed publicly available definitions of RWD (used for
the synthesis of RWE) to clarify the similarities and differences between them (Makady et al., 2017a).
The authors identified 38 definitions of RWD and divided these into four categories:

1. Data collected in a non-randomised controlled trial setting

2. Data collected in a non-interventional/ non-controlled setting
3. Data collected in a non-experimental setting

4. Other (i.e., data that do not fit into the other three categories)

They found that the majority of RWD definitions fit the first category. In line with this finding, RWD is
henceforth defined as an umbrella term for data collected outside the setting of randomised controlled
trials (IMI GetReal, 2016). RWE is hereafter defined as the evidence derived from the analysis and/or
synthesis of RWD (IMI GetReal, 2016).

The following illustrative example may be considered to distinguish RWD and RWE: whereas RWD
could comprise ‘raw’ data (i.e. epidemiological data from patient registries to substantiate assump-
tions), RWE would comprise a retrospective analysis of such registries to draw conclusions that can be
submitted as evidence.

RWD/RWE types

Both RWD and the derived evidence can be generated from multiple sources and study types. Makady
et al. (2017a) found that registries, electronic health records and claims databases are most often
mentioned as RWD sources in literature documents and interviews. The most cited study designs to
derive RWE were found to be observational studies and pragmatic clinical trials (Makady et al., 2017a).
However, there are multiple data sources available beyond the ones mentioned above (RWE Navigator,
2021b). An overview of RWD/RWE sources is provided in appendix A4.
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Randomised controlled trials vs RWE

In randomised controlled trials, aspects of the studied health technology (i.e. efficacy or safety) are
measured against a comparator in a homogeneous patient population (Katkade et al., 2018). These
trials are performed under controlled and standardised conditions to minimise bias and potential con-
founders. As such, they have high internal validity (e.g. high confidence that any observed difference
between patient groups can indeed be attributed to the health technology under investigation) (Sekaran
and Bougie, 2016). Randomised controlled trials, therefore, remain the gold standard in evidence-
based medicine.

However, the controlled (ideal) conditions do not necessarily represent the 'real-world’ setting with
heterogeneous patient populations with comorbidities and more complex care needs (Katkade et al.,
2018). An inherent flaw in this study design is, therefore, the limited external validity (e.g. the extent of
generalisability of the observed results to the general practice) (Sekaran and Bougie, 2016).

Especially in describing aspects such as patient characteristics, the burden of illness and existing treat-
ment pathways, RWD can provide additional value (IQVIA, internal expertise). However, its role in HTA
outcomes in the absence of a randomised controlled trial due to practical and ethical infeasibility is un-
clear.

In part, HTA bodies appear reluctant to wide-scale adoption of RWE due to its association with con-
founding bias and the lack of quality and transparency in data (Bowrin et al., 2019). In a similar vein,
Murad et al. (2016) argues that in the evidence hierarchy (Figure 1.2), the straight lines that separate
study designs should be changed to wavy lines to reflect the varying quality of evidence.

Another major hurdle impeding widespread use of RWD and RWE in HTAs is the lack of guidance for
HTA bodies on what RWD and -evidence entails, how to appraise it and what it can be used for (Makady
etal., 2017b). At the same time, lacking guidance from HTA bodies for the industry on the RWD quality
requirements has also impeded adoption.

RWE guidance

The need for guidance appears to be increasingly recognised—several ongoing initiatives to streamline
evidence generation and increase RWD adoption and evidence in HTAs.

The pan-European Innovative Medicines Initiative GetReal (IMI-GetReal) consortium, for example, has
engaged key stakeholder groups, including academia, industry and HTA bodies, to define robust meth-
ods for RWD and evidence collection and interpretation (GetReal Institute, 2021). The output can serve
as a framework for HTA bodies to interpret and appraise these evidence types.

In recent years, HTA bodies have also increasingly issued guidance and regulations on the usage of
RWE in their decision-making process. The French HTA body Haute Autorité de santé, for example,
has recently published methodological guidelines for industry, containing key recommendations for
producing quality RWE studies (IQVIA, internal expertise). Similarly, NICE has provided a framework
that guides the use of RWE to inform HTAs (NICE, 2021e). Moreover, NICE indicated in its five-year
strategy that it aims to “become scientific leaders by driving the research agenda, using RWD to resolve
gaps in knowledge and drive forward access to innovations for patients” (NICE, 2021c).

To mitigate evidence uncertainties of new health technologies at the time of decision making, the Ger-
man G-BA launched its Gesetz fir mehr Sicherheit in der Arzneimittelversorgung (GSAV) law in 2020. If
G-BA considers the evidence on aspects like safety immature, this law obliges manufacturers to gather
additional evidence on aspects like effectiveness in post-marketing studies (IQVIA, internal research).

Managed entry agreements

Guidance and regulations by national HTAs on the usage of RWE is often part of 'managed entry agree-
ments’. While there are several types of such novel payment agreements, they all allow sharing risks
between the manufacturers and the HTA bodies in case of evidence uncertainty. Reimbursement of
a health technology may then be based on the actual clinical outcomes for patients, as derived from
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post-marketing (real-world) evidence generation.

Considering the high price and uncertainty of gene therapy outcomes, these agreements may be par-
ticularly relevant for this therapy type. Indeed, Jargensen et al. (2020) found that for gene therapies,
outcome-based reimbursement models are increasingly adopted in the EU4 & UK.

2.2. Literature review

The objective of this literature review is twofold. The first objective is to inform the practice of HTA of
gene therapies and gain insights into the methodological challenges encountered (track 1). In addi-
tion, literature could potentially explain RWD/RWE in gene therapy HTAs and possibly its role in these
appraisals (track 2).

2.2.1. Search Strategy & Process

To gather relevant literature, the PubMed® registry was used in combination with the electronic abstract
and citation database Scopus. Additional literature was retrieved through both forward and reverse
referencing. Appendix A1 provides an overview of the search queries used.

Literature types comprised peer-reviewed articles, grey literature (i.e. reports, non-academic research)
and book chapters. Documents should also be published in a language comprehensible to the author,
i.e. English, Dutch or German. Literature was considered relevant if it discusses: HTA frameworks, HTA
methodological challenges, real-world evidence usage in HTAs. No exclusion criteria on publication
year were applied to capture a broad knowledge field. Most relevant literature was published in 2018
or later; the relative few documents published before were included. However, to optimise the number
of relevant hits, exclusion criteria included focusing on specific diseases or geographic areas other than
EU4, UK or US.

Once the search was completed, relevant papers were identified. The selection process involved four
stages. First, the title and abstract of retrieved documents were screened for relevant content. Next,
introductions and conclusions of selected documents were scanned. The final stage included screening
the full text.

Identification of studies via databases Identification of studies through snowballing

_5 Recordsidentified: Recordsremoved before screening: Recordsidentified through

'ﬁ Scopus (n = 86) Duplicates removed (n = 63) snowballing (forward & backward)
=8l | PubMed®(n = 108) (n=3)

£

3

Recordsscreened:
(n=131)

]

Reports sought for retrieval:
(n =53)

Recordsexcluded
(n=78)

Reports not retrieved:
(n=4)

Screening

Reports assessed for eligibility:
(n =49)

Reports excluded:
(n=42)

Reports included in review:
(n=12)

| L]

Figure 2.1. PRISMA-based overview of the search for relevant literature track one: current practices of gene therapy
HTAs.
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Track one: current practices of gene therapy HTAs

An initial search query using the keywords (( "health technology assessment*” OR HTA ) AND ( "Gene
therap* OR GTMP* )) yielded 38 results in Scopus. The search query was adjusted to capture a
broader knowledge field in response to the limited output. To this end, “market access” was included
as an alternative keyword for HTA. Moreover, since the previous section highlighted the similarities
between cell and gene therapy types, findings for a similar therapy type were also considered relevant
for this research. Multiple keywords referring to similar therapy types were therefore included, i.e. "Cell
therap™ OR "Cell and gene therap™ OR "CGT” OR "Advanced Therapy Medicinal Product®”” OR ATMP.
The search yielded a total of 131 documents (Figure 2.1).

Based on the title and abstract screening, 78 records were excluded. Many of the excluded articles
appeared to discuss challenges for cell & gene therapies in the trajectory towards market access but did
not mention current practices. Of the 49 reports assessed for eligibility, nine were considered relevant.
Similar to the excluded documents at the previous stage, many detailed aspects of market access were
not considered relevant for this literature review. Other excluded documents discussed the feasibility
of novel payment schemes or related aspects. While adopting payment schemes may be considered
part of the HTA process, literature on what such schemes entail and their associated challenges is
considered out of scope.

In addition, three documents were retrieved through a backward snowballing approach.

Track two: RWD/RWE usage in HTAs

To inform on real-world evidence usage in gene therapy HTAs, the aforementioned search query (track
one) was initially supplemented with the keywords AND (’real-world evidence” OR RWE OR "real-world
data” OR RWD)). This search yielded 12 documents, hinting towards scarcity of literature on this as-
pect.

It should be noted, however, that there are multiple types of real-world evidence sources (Makady et
al., 2017a). Therefore, documents that mention the use of a particular real-world evidence type in the
considered context but do not refer to it as 'real-world evidence’ could be missed in this search strategy.
Consequently, an additional search query was formulated to include different types of real-world evi-
dence and real-world data sources (which are aligned with the search algorithm keywords as described
in chapter 3.2). This query considerably increased the number of hits (from 6 to 25 in Scopus). How-
ever, the 11 documents that, based on title and abstract, would be considered for full-text analysis
were already obtained in the other search queries described here—expanding the queries to include
the terminology as mentioned above was therefore not considered necessary.

Following the scarcity mentioned above, subsequent search queries were reformulated to omit therapy-
specific keywords and instead focus on broader literature, regardless of the therapy type of HTAs. The
search query was limited to title and abstracts to optimise the relevance of documents. Combined,
the two search engines retrieved 232 documents for this search (139 without duplicates) (Figure 2.2).
From this increased output, it appears that the existing body of literature does not explicitly link real-
world evidence usage in HTAs to gene therapies. This observation embodies a knowledge gap that
the presented research aimed to solve: the lack of empirical evidence in RWD/RWE usage in gene
therapy HTAs.

Based on the title and abstract screening, 83 out of the 139 documents were omitted. Irrelevant docu-
ments focused on specific diseases or had a geographic focus that did not include EU4, UK or US.
Of the 53 documents assessed for eligibility in full-text screenings, 16 were considered relevant. Ex-
cluded documents focused on the methodological aspects to realise the full potential of RWD/RWE,
i.e. statistical analyses or multiple-criteria decision analysis. Such knowledge was considered out of
scope for the presented literature review.

In addition, five documents were retrieved through a snowballing approach.
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Figure 2.2. PRISMA-derived overview of the search for relevant literature track two: RWD/RWE usage in HTAs.

2.2.2. Current practices of curative therapy HTAs

The observed misalignment between novel curative therapies and established HTA methods is broadly
covered in the literature. However, works that provide insights on the current practice of HTAs of such
therapies appear to be scarce. Three documents were found to analyse HTA outcomes of curative
therapies, albeit in varying levels of detail.

HTA outcomes and considerations differ per jurisdiction

The work by Ten Ham et al. (2021) presents the most detailed analysis. It is also the only one that
utilised a methodological framework to categorise curative therapy HTA outcomes. Their work identifies
and structures key considerations in the reimbursement recommendations in England, Scotland and
the Netherlands.

In line with the earlier identified scarcity of literature, the authors observed a lack of empirical evidence
on HTAs of ATMPs. They aimed to address it by reviewing the HTA outcomes of EMA-approved ATMPs.
The authors found that reimbursement recommendations and underlying considerations differed across
the studied jurisdictions for the same therapy. While this finding is in agreement with earlier described
variation in HTA guidelines and practices (Kleijnen et al., 2012), most considerations appear to relate
to the clinical effectiveness and cost-effectiveness. Not surprisingly, these are key uncertainties related
to curative therapies, as will be discussed in the next section.

Similar to Ten Ham et al. (2021), Gozzo et al. (2021) found that the perceived added value of curative
therapies by HTA bodies differed substantially. The authors compared HTA outcomes in Germany,
France and ltaly, specifically evaluating the view on the 'added value’ that a novel therapy would add
to existing healthcare practices. In doing so, the authors do not consider type of recommendation
(positive, restricted or negative). This appears to be an important limitation, as HTA bodies may weigh
the added value of therapy differently in their final recommendation (Kleijnen et al., 2012).

Indeed, following their finding that analysed HTAs agree on the added value of only two ATMPs, the
authors acknowledge that the heterogeneity of HTA recommendations is likely related to varying HTA
practices and acceptance of uncertainty (Gozzo et al., 2021). Consequently, the work states that it
will be crucial to understand the causes of disagreement among the HTA bodies to increase patient
access.

While te analysis presented by Gozzo et al. (2021) does provide initial insights into the alignment of HTA
bodies, the underlying considerations are not considered at the level of detail presented by Ten Ham et
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al. (2021). To illustrate: ’added value’ as analysed by Gozzo et al. (2021), is merely one aspect of HTA
outcomes and recommendations, and it is unclear how other factors may contribute to the outcome.
To this point, the framework utilised by Ten Ham et al. (2021) may be particularly relevant. The authors
categorised the identified considerations in pre-defined domains of the EUnetHTA core model®. As
this framework allows for both the production and sharing of HTA information (EUnetHTA, 2015), it
may very well contribute to the increased understanding of causes of disagreement among the HTA
bodies.

Unlike the works mentioned above, Faulkner et al. (2019) quantify HTAs that address particular core
dimensions per therapy type, rather than comparing HTAs on a jurisdiction level. The authors evaluated
100 HTAs of four technology types from five markets, including the UK and France. Their findings
appear to suggest the presence of technology-specific challenges. Nevertheless, the authors conclude
that HTA bodies may not be applying therapy-specific analysis frameworks. While this may be true,
such frameworks could be missed by taking the aggregate of HTAs of five different countries, each
having varying HTA guidelines and practices (Kleijnen et al., 2012). Similarly, if HTAs adapt over time
to novel technologies, this would not be apparent from the presented aggregate analysis.

Moreover, the scope of this research is limited to therapeutics that gained regulatory approval in 2016
and 2017. Since 2017, at least six more cell & gene therapies have been commercially launched in
Europe alone (IQVIA, internal research), the current situation may differ considerably.

Similarly, the tolerance for evidence uncertainty may vary between HTA bodies

In addition to the clinical effectiveness and cost-effectiveness considerations identified by Ten Ham
et al. (2021), the authors emphasise that considerations relating to the ethical and legal aspects may
bear substantial weight in the HTA outcome. The observation illustrates that when a therapy receives
orphan designation, a higher degree of uncertainty is generally accepted in decision-making. Indeed,
Pochopien et al. (2021) note that “[...] disease severity and unmet needs are important factors to be
included in value assessments. This is reflected in the higher acceptability of uncertainty in clinical
evidence and the cost-effectiveness analyses”.

Similarly, Gozzo et al. (2021) note that the three ATMPs that are available in each of the analysed
countries but not equally reimbursed are indicated for not life-threatening diseases or for diseases with
other treatment options available. Lower quality of evidence may not be accepted in these cases. Then
again, the tolerance for evidence uncertainty in different circumstances may vary across HTA bodies
(Gozzo et al., 2021).

Appraisal of gene therapies appears to be inherently linked to uncertainties

Evidence uncertainty is a prominently mentioned factor in the broad literature base that analyses the
misfit between novel curative therapies and established HTA methods. While the variety of identified
challenges and proposed solutions appear to reflect the multifaceted nature of HTAs, most appear to
relate to uncertainties regarding cost-effectiveness or clinical effectiveness due to evidence generation
challenges.

Uncertainties in cost-effectiveness The challenges that Angelis et al. (2020) highlight, for exam-
ple, mainly relate to cost-effectiveness. The authors categorise the main challenges encountered in
assessing cell & gene therapies as cost estimation, benefit estimation or affordability. In accordance,
the authors propose a specific set of adaptations per category to re-calibrate HTA frameworks. How-
ever, as these adaptations are not tailored to specific HTA bodies, they may not be equally applicable to
different jurisdictions. For example, the authors propose capping the price at the maximum willingness
per quality-adjusted life-year in determining efficiency. This is only relevant in countries where HTA
bodies conduct cost-effectiveness analyses (IQVIA, internal research).



2. Background & Literature Review 15

These cost-effectiveness challenges are similar to those described by Pochopieh et al. (2021). How-
ever, rather than generalising problems relating to gene therapy HTAs, the authors argue that the
challenges encountered in gene therapy HTAs should be put into perspective of both the severity of
disease and the unmet need. To integrate these aspects, the work presents a framework from which
there is no one challenge for gene therapies and their target diseases. Instead, the challenges lie on
a spectrum that depends on the disease severity and the unmet need. However, whether the model
holds with data from practice remains unclear.

In response to the cost-effectiveness challenges, the authors briefly discuss alternative funding mech-
anisms that share the financial risk related to such uncertainties. As these payment mechanisms eval-
uate the treatment outcome in the real-world clinical setting, they are, per definition, linked to real-world
evidence generation. However, this evidence may not be available at the initial HTA recommendations.

Uncertainties in clinical effectiveness In addition to uncertainties relating to cost-effectiveness, An-
gelis et al. (2020) and Pochopien et al. (2021) also acknowledge the evidentiary uncertainties on the
treatment effects in HTAs of ATMPs.

These challenges are more thoroughly discussed by Annemans and Makady (2020), who distinguish
four main types of uncertainties that are inherent to treatments of rare diseases. These uncertainties
relate to the population, the disease and its current management, the new treatment and the health
ecosystem. Categorising them make up the first of three blocks of the methodological TRUST4RD tool
to guide stakeholders in defining uncertainties and evidence gaps when assessing gene therapies. It
should be noted that categories do not appear to be mutually exclusive. The authors do not specify
how to handle HTA elements that fit multiple uncertainty types.

Interestingly, the authors emphasise the potential role of real-world evidence to reduce the identified
evidence gaps while stressing the importance of collecting as much as possible data during the devel-
opment phase of new treatments. However, methodological details on incorporating or appraising this
kind of evidence in HTAs is lacking. Interestingly, out of the seven analysed documents that identify
the challenges mentioned here, only two briefly mention the usage of real-world evidence as part of
a potential solution. The focus appears to be more on emphasising the need for iterative dialogues.
Moreover, involvement of multi-stakeholders to identify what uncertainties matter most and suggest us-
ing impact scoring. However, methods to derive such an impact score are not provided in Annemans
and Makady (2020).

The essence of dialogues was also anticipated by Ronco et al. (2021). However, the authors acknow!-
edge that they did not find evidence of such dialogues in their study on ATMPs in the EU5 countries.
This is interesting since there are several support platforms and programs in both the US and Europe
to facilitate such interactions (Overbeeke et al., 2021).

In a similar vein, the work by Coyle et al. (2020) notes that international initiatives such as the EUnetHTA
and the EVIDENT database are essential in facilitating the adoption of real-world evidence. The au-
thors take a more holistic approach to identifying adjustments in policy and assessment methodologies
to improve gene therapies. The work advocates the inclusion of additional value elements into current
frameworks and recognises the potential of real-world evidence in mitigating evidence uncertainty.

Managed access agreements may mitigate uncertainties

In part, the above-mentioned uncertainties are embraced in HTA reports by introducing managed ac-
cess agreements. In a retrospective comparative analysis of recently launched gene therapies in the
EU4, UK and US, Jargensen et al. (2020) found that outcome-based reimbursement mechanisms have
gained traction. However, in a follow-up study, the same authors found that such innovative payment
mechanisms are more accepted in the studied EU countries than in the US (Jgrgensen and Kefalas,
2021). Similarly, from literature and expert panels, Godman et al. (2021) conclude that despite appar-
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ent disadvantages, further growth of managed access agreements is likely. The authors argue that the
anticipated introduction of curative therapies with the inherent uncertainties will push the field towards
adopting such payment schemes. Moreover, the foresee outcome-based reimbursements become
increasingly feasible after adopting more sophisticated IT infrastructures across countries. Indeed,
both Jgrgensen et al. (2019) and Kefalas et al. (2018) found that having appropriate real-world data
collection infrastructures is key in further facilitating these payment mechanisms.

2.2.3. Real-world evidence usage in HTAs

Interestingly, none of the articles that analyse and compare key considerations in HTAs of ATMPs,
discuss the usage and value of real-world evidence. However, as noted in the previous section, papers
that describe methodological challenges in HTAs of curative therapies occasionally discuss the potential
of real-world evidence usage. However, none of them explicates the role that real-world evidence plays
or could play in HTAs of curative therapies. Given that real-world evidence usage in HTAs not specific
to ATMPs appears to be broadly covered in literature, the scope was expanded to capture real-world
evidence usage in HTAs, regardless of the therapy type. General developments and considerations in
this field were also relevant for gene therapies.

The apparent recognition of the potential value of real-world evidence for HTAs may not be
reflected in the adoption

Five documents were analysed that explicate the role of real-world evidence in HTAs. Three of them
provide empirical insights on the usage of real-world evidence.

The work by Makady et al. (2018), for example, examined the use of real-world data in melanoma HTAs
using a retrospective, comparative analysis of HTA reports. From the analysis that the authors present,
it appears that real-world data inclusion has not increased over time (Makady et al., 2018). Interestingly,
Milliano (2019) reported opposite findings, noting that real-world evidence usage in oncology drugs HTA
actually increased in four of the same jurisdictions from 2013 to 2018. However, it should be noted that
the latter reports on general oncology drug HTAs, rather than melanoma HTAs specifically. Moreover,
Makady et al. (2018) rightfully acknowledge that their conclusions should be taken cautiously, owing to
differences in practices between agencies and varying numbers of reports published per year.

Other than the quantification of HTAs per year, Makady et al. (2018) also differentiated between relative
effectiveness assessments and cost-effectiveness assessments in HTAs. They found that real-world
data inclusion was 30% more common in cost-effectiveness assessments than relative effectiveness
assessments. Real-world data mainly inform epidemiological information (i.e. prevalence/ incidence)
in relative effectiveness assessments and long-term effectiveness and costs in cost-effectiveness as-
sessments.

The work by Lee et al. (2021) reports similar findings for the cost-effectiveness assessments. The
authors analysed real-world evidence usage in cost-effectiveness assessments by the American HTA
body Institute for Clinical and Economic Review. Real-world evidence was found to mainly inform dis-
ease progression, health care resource utilisation or costs. Both Lee et al. (2021) and Makady et al.
(2018) found that registry data was the most frequent source of data, followed by database data.

The work by Bullement et al. (2020) presents similar findings. The authors specifically considered
the real-world evidence inclusion in cancer drug cost-effectiveness analyses by NICE. However, the
authors state that inclusion is mainly related to patients’ health-related quality of life. Real-world data
inclusion informing epidemiological information is not mentioned. This is interesting as Makady et al.
(2017b) found that HTA agencies generally do recommend the usage of real-world data in these cases.
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Formal guidance on real-world evidence usage in HTAs appears insufficient to stimulate adop-
tion

Indeed, guidance provided by regulatory bodies and HTA agencies is an often recurring aspect in the
literature on real-world evidence usage in HTAs.

Makady et al. (2017b) reviewed HTA agencies’ policies on the use of real-world data and found that the
evidence requested by HTA agencies appears to vary with the context for which it is used. For example,
while real-world data usage was accepted among all analysed HTA agencies for initial reimbursement
decisions, it was not explicitly recommended. For parameters used in pharmacoeconomic analyses,
however, agencies did specifically recommend using national real-world data sources. In such cases,
real-world data may provide evidence on, i.e. epidemiological data (prevalence and incidence) or
(relative) treatment effects.

As mentioned earlier in this literature review, policy considerations like orphan drug designations may
increase the acceptance of less robust evidence due to the high unmet need (Ten Ham et al., 2021).
Similar to the findings described here, agencies’ acceptance of real-world data to provide evidence
on treatment effects in such cases appears to vary, considering that while some agencies deem this
acceptable, others explicitly advise against it (Makady et al., 2017b). The same authors note that poli-
cies may prominently feature the hierarchies of evidence that agencies use to classify evidence quality.
However, they raise the question of whether practices derived from evidence-based medicine are still
applicable to real-world data usage for HTAs. They argue that such hierarchies tend to downgrade
real-world data without differentiating the type of data that randomised clinical trials (e.g. efficacy data
with high internal validity) and different forms of real-world data (long-term effectiveness data with high
external validity) can provide.

That is not to say that HTA bodies do not appreciate the concept of real-world data and evidence. On
the contrary, it appears from the systematic literature review by Bowrin et al. (2019) that most HTA
bodies do recognise both the benefits and limitations of real-world evidence usage. However, in line
with the above, the authors found that formal guidance on leveraging it in cost-effectiveness modelling
was scarce.

Similarly, Kent et al. (2021) agree that to ensure the generation of high-quality evidence suitable for
decision making, HTA bodies should issue clear guidance on data quality standards and best prac-
tice methods. Several initiatives exist to establish frameworks for the use of real-world evidence in
decision-making and stimulate the adoption of real-world evidence in HTAs (Annemans and Makady,
2020; Facey et al., 2020; Alliance for Regenerative Medicine, 2019). To this point, the authors note that
to ensure adoption and streamline evidence generation, the output of these initiatives should be devel-
oped collaboratively. They argue that these outputs could also include clear guidance on when non-
randomised studies can be considered; this would include real-world data. A similar point is brought
up by Makady et al. (2017b), who highlight the need for policy alignment of HTA agencies within Eu-
rope on real-world data usage in HTAs and provide guidance on practical aspects of its collection and
analysis. The authors point out that a “harmonised set of policies on real-world use for HTA would
provide market authorisation holders with the ability to plan alternative evidence generation pathways
which rely less on randomised controlled trials, and more on real-world studies; the latter theoretically
yielding outcomes more relevant for HTA purposes”.

Similar to the varying degree to which HTA bodies provide guidance on real-world evidence usage,
their attitude towards the value of real-world evidence also appears to vary.

Attitudes towards real-world evidence usage in HTAs appear to vary across different agencies
Three documents were found to cover the attitudes towards real-world evidence usage in HTAs and
the consequent role in the assessment.
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Sievers et al. (2021) aim to explicate this in semi-structured interviews with industry experts and HTA
bodies. The authors suggest that the evidence requirements of the different stakeholders’ conflict.
Whereas regulators may demand real-world evidence to support long-term safety evaluations, HTA
bodies generally require evidence that allows for comparative assessments. According to the intervie-
wees, real-world evidence currently appears to satisfy only the former, as most HTA bodies still prefer
evidence from randomised controlled trials. While these findings should be placed into context, con-
sidering that the HTA bodies interviewed have historically been more on the fence regarding real-world
evidence usage in HTAs (IQVIA, internal research), this finding appears to be broadly supported in the
analysed literature.

Indeed, Makady et al. (2017b) found that the big EU4 HTA agencies adopt similar hierarchies of ev-
idence in accordance with principles of evidence-based medicines. Consequently, agencies unani-
mously place real-world data sources on a lower level of quality and reliability than randomised con-
trolled trials. In a similar vein, Katkade et al. (2018) note that RWD/ RWE have “the potential to support,
improve, and potentially accelerate the delivery of safe and cost-effective therapeutic interventions”.
As such, RWD/RWE usage in HTAs appears to mainly serve as a supplement to randomised controlled
trials. However, literature explicating whether this also holds for gene therapies and empirical evidence
on the extent to which RWE/RWD plays a role in the final HTA outcome is lacking.

The results presented by Vreman et al. (2019) show that negative HTA recommendations or (economic)
restrictions do not apply more often for conditionally approved drugs without controlled evidence. This
implies that in HTA, the use of uncontrolled studies is not a decisive factor to come to a negative or
a restricted recommendation. Nevertheless, Makady et al. (2018) note that real-world data usage for
effectiveness is more likely to be negatively appraised in relative effectiveness assessment HTAs. How-
ever, more explicit barriers to the adoption and appraisal of real-world evidence have been mentioned
in the literature.

The barriers impeding real-world evidence usage in HTAs appear to mainly relate to the chal-
lenges of evidence generation

Seven documents that present barriers to adopting real-world evidence were analysed. Half of the
documents identify methodological challenges.

Methodological challenges A flaw that each of these documents acknowledges is the potential bias
of real-world evidence. Indeed, in a systematic literature review of 14 articles, Bowrin et al. (2019)
identified confounding bias as the main limitation in real-world evidence usage. In a similar vein, in half
of the 11 semi-structured interviews conducted by Sievers et al. (2021), selection bias was mentioned
as a challenge.

Another prominently mentioned methodological challenge that is apparent from both above-mentioned
works is the lacking randomisation (Bowrin et al., 2019; Sievers et al., 2021). This should be expected,
considering the earlier identified preference of HTA bodies for evidence derived from randomised clin-
ical trials. Along the same line, Roberts and Ferguson (2021) report that poor internal validity is a
limiting factor.

Lack of quality The authors further report that transparency is a key barrier in adopting real-world
data in HTAs. Similarly, the quality of real-world data was perceived as a major challenge by five inter-
viewees in Sievers et al. (2021). The authors note that there are often no quality control infrastructures
in place to ensure the completeness of data collection. This point is also raised by Simpson and Ra-
magopalan (2021), who describe the concerns of the German HTA body IQWiG on real-world data
sources. With the exception of high-quality registries, IQWiG berates the insufficient data quality and
completeness of real-world data sources.
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Lack of standardisation However, it should be noted that the extent to which data is considered
insufficiently complete or low quality may vary across data sources. To this point, Sievers et al. (2021)
note that there is a lack of standardisation in real-world data collection, leading to differences between
countries, regions, and hospitals. Moreover, as noted earlier in this review, the degree to which HTA
bodies accept such sub-optimal evidence sources may vary. Indeed, Kanavos et al. (2019) note that a
key challenge from an HTA perspective remains the variable acceptance of real-world evidence. The
authors note that despite infrastructure improvements, issues remain with access to data in several
jurisdictions, including privacy issues, the lack of incentives for data sharing, availability and use, and
the ongoing debate about real-world evidence distrust.

Consequently, the work stresses the necessity to discuss what needs real-world evidence will fulfil.
Such discussions should span across borders according to Facey et al. (2020). The same authors
state that jurisdictions should agree on real-world data requirements and the associated infrastructure,
development of data analytics methods for HTA, and transparency in real-world evidence studies.

Lack of clarity In line with the above, the lack of clarity among stakeholders appears to impede the
adoption of real-world evidence usage in HTAs. Facey et al. (2020) did case studies with policymakers
and HTA bodies and identified a lack of clarity about the Payer/HTA questions that could be answered
by real-world data and on how its quality could be assessed.

Similarly, Roberts and Ferguson (2021) found that lack of training on how to evaluate observational
studies was a fundamental challenge to adopting real-world evidence. Interestingly, while a lack of
guidance from payers to industry players was earlier identified in this review, Roberts and Ferguson
(2021) note that there is also no guidance available to payers themselves. The authors argue that
the complexity of evidence available to the payer has increased exponentially with data available from
different clinical trials and real-world settings. Payers may not know how to appreciate and interpret
the entire body of evidence available fully. This appears to necessitate the need for advanced tools to
analyse the high volumes of data efficiently, according to the authors (Roberts and Ferguson, 2021).

Through focus groups, interviews and surveys, Malone et al. (2018) aimed to map the perceptions
and acceptance of real-world evidence among US payers. The authors found that many participants
indicated that a lack of experience conducting their own analyses and interpreting those of other HTA
bodies formed a considerable barrier to adopting real-world evidence. Nevertheless, the work suggests
that HTA bodies are open to and interested in evaluating observational studies if given the proper
guidance or tools. This reiterates the necessity of earlier mentioned initiatives to educate stakeholders,
establish frameworks and guidance and facilitate the adoption of real-world evidence.

2.3. The literature review laid a foundation for further research

The presented literature review has covered several relevant aspects of this research (Table 2.1). From
the documents gathered in track 1, it appears that there is a consensus that the unprecedented potential
value of gene therapies challenge established HTA methods.

From the literature, it is clear that the considered therapies mainly concern orphan diseases, which
generally allow for less stringent evidence requirements. The associated challenges that are commonly
encountered mainly relate to cost-effectiveness and the uncertainty regarding long-term safety and -
effects and the appropriate evidence generation. While the recommendations for adaptations to tackle
these challenges appear to be abundant, empirical evidence on how curative therapies are assessed
in practice was found to be scarce.

Track 1, therefore, laid a foundation for the first sub-question of this research (How are gene therapies
currently assessed in HTAs?), but more empirical data is considered necessary.

Similarly, track 2 laid a strong foundation for the second research sub-questions (What role does
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RWD/RWE play in the HTA appraisal process of gene therapies? and How has RWD/RWE usage in
gene therapy HTAs evolved?). From the retrieved literature, it appears that the potential of real-world
evidence is generally recognised but only sporadically linked to curative therapies. RWD/RWE mainly
serves a supportive role in HTAs, specifically delivering evidence on epidemiological information (i.e.
prevalence/ incidence) in relative effectiveness assessments and long-term effectiveness and costs in
cost-effectiveness assessments. Moreover, it is clear from the studied literature that HTA bodies prefer
evidence from randomised controlled trials over real-world evidence. Whether RWD/RWE usage in
HTAs has increased over time is unclear from the literature. It is clear, however, that the potential is
increasingly recognised.

While the literature informs sub-question 2, additional empirical data from the retrospective comparative
analysis will be key to formulate an answer.

Track 2 also informed a substantial part of sub-question 3 (What factors impact RWE usage in gene
therapy HTA appraisals? and The steps to be taken to extend RWE usage in HTA appraisals of gene
therapies?).

The literature prominently mentions the methodological factors impeding widespread RWD/RWE adop-
tion. These include confounding bias, lacking randomisation and a lack of transparency. Other con-
siderable barriers appear to be formed by the lack of guidance & policies and a lack of standardisation
among HTA bodies and health technology manufacturers.

Steps to be taken are mainly related to the factors impeding RWE/RWD usage. The retrieved literature
consistently mentions stakeholder discussion and alignment to tackle methodological challenges and
misalignment. This would include consensus on RWD/RWE terminology and mitigating methodological
challenges. Similarly, in response to the lack of consistent guidance across agencies on RWE/RWD
usage, the need for guidance for both payers and pharmaceutical companies is suggested. Finally, the
introduction of data collection standardisation is hypothesised to ensure high-quality data to facilitate
adoption.

Again, it should be noted that the retrieved literature mainly explicates these aspects for RWD/RWE
usage in HTAs not specific to gene therapies. Validating these findings in interviews will therefore be
necessary.

From the presented literature review, an ample knowledge gap was identified. While initial findings in-
form specific aspects of the formulated sub-questions, they are rarely explicitly stated to apply to gene
therapies. Moreover, the existing literature fails to specify what role RWD/RWE currently plays and
could potentially play in the future in gene therapy HTAs.

Understanding this aspect is deemed essential in the recently accepted joint clinical assessment legis-
lation. Empirical data will be precious to provide insights into the potential feasibility challenges of this
legislation.

Table 2.1. Key findings from the literature review.CEA: cost-effectiveness assessment. HTA: Health technology assessment.
REA: Relative effectiveness assessment. RWD: Real-world data. RWE: Real-world evidence.

Sub- Preliminary Description Reference
question finding

1 Gene therapies mainly concern orphan diseases, which Section 2.2.2
generally allow for less stringent evidence requirements

continues on next page
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The challenges associated with gene therapies mainly relate to
cost-effectiveness and the uncertainty regarding long-term
clinical effectiveness due to challenges in appropriate evidence
generation

Section 2.2.2

It appears that RWD/RWE mainly serve a supportive role in
HTAs, specifically delivering evidence on epidemiological
information in REAs and long-term effectiveness and costs in
CEAs

HTA bodies prefer evidence from randomised controlled trials
over real-world evidence.

Section 2.2.3

Section 2.2.3

Methodological factors impeding widespread RWD/RWE
adoption include confounding bias, lacking randomisation and a
lack of transparency

Other considerable barriers appear to be formed by the lack of
guidance & policies and a lack of standardisation among HTA
bodies and health technology manufacturers

There is a need for guidance for both payers and
pharmaceutical companies on RWD/RWE usage

Stakeholder alignment, i.e. consensus on RWD/RWE
terminology and mitigating methodological challenges, are key
steps in facilitating its increased adoption

The introduction of data collection standardisation will ensure
high-quality data needed to facilitate increased adoption of
RWD/RWE

section 2.2.3

section 2.2.3

section 2.2.3

section 2.2.3

Section 2.2.3




Methodology

This chapter will elaborate on the research methodology used to answer the earlier stated research
questions. First, the research design is presented, followed by a description of the data collection and
validation approaches.

3.1. Research design

The research design (Figure 3.1) comprised three stages: data gathering, analysis, and validation.
It combined two approaches: desk research (e.g. literature review) and a comparative retrospective
analysis of published gene therapy HTAs.

Data gathering Data analysis Data validation
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Figure 3.1. Research design for the presented research. HTA: Health technology assessment.

The literature review laid a foundation for the research questions in the data gathering and analysis
stage. Findings from the retrospective analysis and three use-cases were synthesised that were vali-
dated in semi-structured interviews.

3.2. Data gathering

Literature review

A critical literature review was used to position this research relative to the existing literature body and
inform the development of the research questions. This literature review was presented in the previous
chapter. It provided the research with the most recent literature and developments on gene therapy
HTAs and the usage of real-world evidence and data in HTAs.

Reviewing the literature involved selecting, analysing and synthesising relevant literature to identify
related work and methods (Sekaran and Bougie, 2016).

While the presented literature review should not be considered a systematic literature review, it aimed to
be extensive. To this end, the search strategies followed a similar approach to the 'Preferred Reporting

22
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Items for Systematic Reviews and Meta-Analyses’ (PRISMA) statement (Moher et al., 2009). However,
the quantification of excluded articles with substantiating reasons was left out of scope.

Retrospective analysis

All gene therapies that received centralised marketing authorisation by the European Medicines Agency
until July 1, 2021, were included in the retrospective comparative analysis. (Figure 3.1). Eligible gene
therapies were identified from the American Society of Gene & Cell Therapy Q2 quarterly data report
(ASGCT and Pharma Intelligence, 2021). Some identified therapies are not strictly a gene therapy
but a combined cell & gene combination therapy (Strimvelis®, Kymriah®, Yescarta®, Tecartus®and
Libmeldy®). However, as the EMA did designate these therapies as gene therapies in their corre-
sponding European public assessment reports, these therapies were taken along in the analysis.

Table 3.1. Gene therapies in Europe and their approval details. Cut-off date July 1, 2021. ADA-SCID - Adenosine deaminase-
severe combined immunodeficiency. ALL: Acute Lymphoblastic Leukaemia. DLBCL: Diffuse Large B-cell Lymphoma. PMBCL:
Primary mediastinal B-cell ymphoma. SMA: Spinal muscular Atrophy.

Product Generic name Manufacturer Indication Orphan Market
designation authorisation
Imegic® Talimogene Amgen Metastatic melanoma X December 2015
laherparepvec
Strimvelis® Autologous CD34+ Orchard ADA - SCID v June 2016

cells transduced with Therapeutics
a lentiviral vector
containing the human

ADA gene
- . . DLBCL v August 2018
Kymriah Tisagenlecleucel Novartis
ALL v August 2018
Yescarta®  Axicabtagene Kite Pharma DLBCL & PMBCL v August 2018
ciloleucel (Gilead)
Luxturna®  Voretigene Spark Leber’s congenital v November 2018
neparvovec Therapeutics amaurosis
(Roche)
Zynteglo®  Betibeglogene bluebird bio Transfusion- v May 2019
autotemcel dependent beta
thalassemia
Zolgensma® Onasemnogene Novartis SMA v May 2020
abeparvovec
Tecartus®  Brexucabtagene Kite Pharma Mantel cell lymphoma v December 2020
autoleucel (Gilead)
OTL-200/  Autologous CD34+ Orchard Metachromatic v December 2020
Libmeldy® cells encoding ARSA Therapeutics leukodystrophy
gene

Two European HTA agencies were selected for the retrospective comparative analysis: NICE (Eng-
land) & G-BA (Germany). The HTA framework adopted by these two agencies is generally considered
prime examples of relative effectiveness assessments and cost-effectiveness assessments, respec-
tively (IQVIA, internal research). Consequently, they represent two ends on an evidence requirement
spectrum, wherein other HTA bodies and archetypes can be placed. As such, a combined analysis of
HTA reports published by NICE & G-BA is assumed to produce findings largely applicable to other HTA
bodies.

HTA reports of the identified gene therapies were retrieved from the HTA agency websites by searching
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for the products brand and generic name. If products were authorised for multiple indications, reports
for each indication were included.

Only completed HTAs were included; HTAs that were suspended or ongoing were excluded. For NICE,
the committee papers & final appraisal documents were used. While the committee papers explicate the
evidence submitted, the final appraisal document details how specific evidence was valued. For G-BA
the document 'Nutzenbewertung G-BA’ (benefit assessment) and 'Tragende Griinde zum Beschluss’
(Justification) & 'Beschlusstext’ (Resolution) were used. The former summarises relevant evidence,
and whether the evidence was accepted, the latter two documents explicate the appraisal of the evi-
dence. In addition to the above, the document 'Modul 4 - Dossier zur Nutzenbewertung’ (dossier for
benefits assessment) was used for the G-BA case studies.

Data extraction
Contrary to existing literature that delivers empirical ev- -
idence on current curative therapy HTA practices (i.e. ~
Makady et al. (2018) and Ten Ham et al. (2021)), no sec-
ond author was available to validate data extraction.

Three use-cases for G-BA & NICE over
time

Read HTA report and extract RWE usage

A multifaceted approach was therefore used to explicate with data extraction form

the usage of real-world evidence & -data in the identi- @

fied HTA reports (Figure 3.2). By triangulating the re- A@wﬁ%’ﬁlﬁ%

trieved data, higher confidence in the results was ob-
tained (Sekaran and Bougie, 2016). RWE keyword-based O] =

Use pre-defined RWE/ RWD Validate algorithm,
terminology to determine Validate interpretation
. . usage
HTA Accelerator Initial data extraction was performed &

using IQVIA's proprietary HTA Accelerator software. =

IQVIA's HTA Accelerator is an online platform that tracks LA Accolerator
publicly available HTA records (IQVIA, 2021). The data Exiackdats o HTA

is collected from payer assessments and regulatory ap-

provals, clinical trials and price information. The plat- Figure 3.2. Data extraction methodology. The num-
form provides insights from HTA feports of more than Pes *ovs 1o 1 valdatn spproaches | T
100 agencies in 41 countries across 250 primary dis- RWE: Real-world evidence.

eases. To prevent misinterpretation or loss of knowledge

due to language barriers, HTA summaries are translated into English by local experts and native speak-
ers.

Pre-defined parameters allow for data extraction on various parameters, including real-world evidence
usage. Within this parameter, the following information is captured: the name of the real-world evi-
dence source, the type of real-world evidence, what area it supports, whether the HTA body accepted
the evidence, and the rationale and additional details.

[ o

However, initial data extractions with the HTA Accelerator appeared to insufficiently cover real-world
evidence/ real-world data usage, especially in older reports. Therefore, an algorithm was developed
to search for real-world evidence terminology in the HTA reports and complement the output from the
HTA Accelerator.

Search algorithm Individual HTA reports were searched for pre-defined real-world evidence/ real-
world data terminology using a search algorithm.

RWD/RWE terminology for the search algorithm was obtained through publicly accessible databases
and glossaries (RWE Navigator, 2021a; IMI GetReal, 2016; National Health Council, 2021). A list
was compiled and complemented with words derived from IQVIA internal expertise. Keywords were
adjusted to minimise off-target hits (Appendix A4).



3. Methodology 25

HTA reports were retrieved in portable document format (pdf) and converted to text files. The individual
text files were then fed into the algorithm, which extracted all occurrences of the pre-defined keywords,
including the £50 surrounding words (Appendix A3).

The retrieved 101-word text extracts were then assessed for relevance. If the relevance could not be
derived, the paragraph containing that text extract was read in the original HTA report. If still in doubt,
the original reference was retrieved for review. If the reference was not accessible, the study was not
included. Sub-studies were merged: i.e. if three studies refer to a single study (i.e. Melody), then only
'Melody’ was used. Similar to Lee et al. (2021), RWE studies were counted as many times as it was
used to support different areas in the HTA.

Extracted data included the name of the evidence source used and its type, the area supported and
whether it was accepted. Acceptance was categorised as 'yes’ (following an explicit statement that the
RWE was accepted/ included), 'no’ (following an explicit statement that the RWE was not accepted/
excluded) or 'not identified’ (if neither a positive nor negative statement regarding the RWE inclusion
was identified).

In addition to the search algorithm, HTA reports of three therapies (Imlygic®, Yescarta®and Zolgensma®)
were studied in more detail. For this purpose, a data extraction form was developed.

Data extraction form A data extraction form was adapted from the studies by Makady et al. (2018)
and Lee et al. (2021) to allow for a systematic approach to data extraction. Similar to Lee et al. (2021),
the extraction form included a (1) general information section (e.g. title of HTA report, report number,
product name and date of publication), (2) a section on RWE/ RWD characteristics (e.g. name of
evidence source used and its type), (3) a section on what area the evidence supported, and (4) an
appraisal section (Appendix A5).

Based on IQVIA internal expertise, categorisation of areas supported was done according to the PICO
(population, intervention, comparator and outcome) framework (Richardson et al., 1995).

3.3. Data analysis

The output from the different data extraction methods was compiled and analysed.

Extracted RWD/RWE usage was cross-compared between the two HTA reports for the same gene
therapy. The motivation for this comparison was twofold. First, comparing RWD/RWE usage allows
for synthesising preliminary findings on differences in usage or appraisal of certain RWD/RWE types.
Moreover, comparing allows to complement RWD/RWE usage initially missed by the HTA Accelerator
and the search algorithm (i.e. if a study was not mentioned close to a pre-defined keyword).

lllustrative use cases

Three illustrative use-cases provided context to the identified RWD/RWE usage. Three therapies were
chosen based on the average HTA publication date. The (on average) earliest published HTA report
(Imlygic®), middle (Yescarta®) and latest published report (Zolgensma®) were assumed to be repre-
sentative for the time that they were published. As such, the aggregate findings for these three use
cases may also provide insights in how RWD/RWE usage has evolved over time and what relevant
considerations were in the HTA outcomes. A complete overview on identified RWD/RWE usage is
provided in Appendix A8.
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3.4. Data validation

In the presented research, interviews were used to verify the validity of the preliminary findings from
the literature review and retrospective analysis.

Interviews

Interviewees (Table 3.2) were recruited via email. Industry experts had extensive experience in RWD/
RWE usage in HTAs, albeit not specifically for gene therapy HTAs. However, they were well-informed
of recent developments related to gene therapy HTAs (and noted that many factors and considerations
overlap with other therapy types). Industry expert inputs provided a perspective that was to a degree
representative of both manufacturers and HTA bodies.

Interviewed academics had published multiple relevant articles on cell & gene therapy HTAs. Their input
provided a perspective on gene therapy HTAs specifically, the current state of literature and ongoing
initiatives (driven by academia).

Prior to the interview, interviewees signed an informed consent form. The template for this form is
included in a separate appendix that can be provided upon request.

Interviews were held in a semi-structured format, following an interview protocol (Appendix A2). Com-
pared to structured interviews, semi-structured interviews allow for more leeway for following up on
perspectives, ideas and topics raised by the interviewee. This enables the interviewer to make better
use of the knowledge-producing potentials of dialogues (Leavy, 2014).

Interviews were held via Microsoft Teams. The interview was recorded using the Microsoft Teams func-
tionality with the interviewee’s consent. Afterwards, the interviews were transcribed manually in a light
edited form. Expressions such as ‘'uh’ or ’hmm’, pauses and repetition of words were omitted. The
anonymised transcripts are included in a separate appendix and can be provided upon request.

Table 3.2. Overview of interview participants. HTA: Health technology assessment. RWD: Real-world data. RWE:
Real-world evidence.

ID Description Expertise

11 Industry expert Germany: HTA and RWD/RWE
12 Industry expert RWD/RWE usage in HTAs across Europe

I3 Industry expert Health economics
A1 Academia Health economics
A2 Academia HTAs of cell & gene therapies

The obtained interview transcripts were then analysed, a process that generally involves data reduction,
data display, and the drawing of conclusions (Miles and Huberman, 1994)

Data reduction comprises selecting, coding and categorising the interview data (Sekaran and Bougie,
2016). According to the same authors, coding refers to the analytical process of reducing, arranging
and integrating qualitative data to conclude. The purpose is to help draw meaningful conclusions about
the data.

Coding involves labelling units of text to group them into categories later (Sekaran and Bougie, 2016).
This activity was performed using the computer-assisted qualitative data analysis software ATLAS.ti 22
(ATLAS.ti Scientific Software Development GmbH., Berlin, Germany).

Interview transcripts were imported to ATLAS.ti and read line-by-line. Text segments deemed rele-
vant or interesting by the researcher were assigned codes. After this open coding phase, the number
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of codes was reduced through axial coding, where codes were merged and overarching categories
formulated (Flick et al., 2004). In the final phase, selective coding was applied. This allowed the re-
searcher to select and integrate the organised data from axial coding in a cohesive manner to derive
findings.

It should be noted that while the coding process is described sequentially, the overall approach was
non-linear. Between stages, the appropriateness of codes and categories was revised and re-applied
to the collected data in order for the theory to evolve.

In the subsequent data display step, the aggregate findings were visualised in a network. This helped
the researcher to understand and interpret relationships in the obtained, reduced data.

Insights generated in the data reduction and data display stage were interpreted in the final analytic
stage to draw conclusions and compare findings.

Validating data extraction methodologies

Two aspects of the data extraction methodology were validated (Figure 3.2); completeness of extracted
data using the algorithm and interpretation of identified RWD/RWE appraisals. The outcomes are pre-
sented in Appendix AB.

To derive the completeness of extracted data using the algorithm, the output was first compared to the
HTA Accelerator data (Figure 3.2; arrow 2). However, as pointed out before, data in the HTA Accel-
erator may not always sufficiently cover RWD/RWE data in a report. For three indications (Imlygic®,
Yescarta®and Zolgensma®), data from the search algorithm was therefore also compared to the data
extracted from reading the HTA reports for the use-cases (Figure 3.2; arrow 1). Two assumptions are
made here. The first assumption is that reading the report is the most thorough and reliable approach
to extract RWD/RWE and can therefore be considered the golden. By comparing the search algorithm
output to the golden standard, an impression is obtained that the percentage of RWD/RWE usage is
missed by using the search algorithm alone. The second assumption is that the sample used in this
validation is representative of the other reports.

A similar approach is used to validate the interpretation of identified RWD/RWE appraisals from use
cases (Figure 3.2; arrow 3). However, in this case, the HTA Accelerator was considered the golden
standard, as experts have interpreted the reports with more knowledge than the researcher.
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4.1. Orphan designation benefits gene therapy HTA outcomes

From the literature review, a lack of empirical evidence on gene therapy HTAs became apparent. Sim-
ilarly, literature did not suffice to clearly explicate how gene therapies are currently assessed. As such,
the first step in performing this research was to gain insights into the recent developments in gene
therapy HTAs to answer sub-question 1 (How are gene therapies currently assessed in HTAs?).

Table 4.1. Identified gene therapy HTAs and initial reimbursement recommendations of in-scope HTA bodies. Cut-off
November, 2021. Initial reimbursement recommendations: Negative recommendations (orange), Restricted recommendations
(light green) and Positive recommendations (green). ’-: No HTA-report identified as of July 2021. AMNOG: Arzneimittelmarkt-
Neuordnungsgesetz (translates to pharmaceuticals market reorganisation act). CDF: Cancer drug frund. EMA: Europen
Medicines Agency. G-BA: Gemeinsamer Bundesausschuss. HST: Highly specialised technology. NICE: National Institute
for Health and Care Excellence. STA: Standard technology appraisal. Table layout modified from Ten Ham et al. (2021).

Product Germany (G-BA) England (NICE)
Program Date Outcome Program Date Outcome
Imlygic® AMNOG December 2016 No added benefit STA September 2016 Recommended for
restricted
population with
discount
Strimvelis® - - - HST February 2018 Recommended
Kymriah®- AMNOG March 2019 Non-quantifiable STA March 2019 Recommended
DLBCL added benefit with managed
access through
CDF
Kymriah®- ALL AMNOG March 2019 Non-quantifiable STA December 2018 Recommended
added benefit with managed
access through
CDF
Yescarta® AMNOG May 2019 Non-quantifiable STA January 2019 Recommended
added benefit with managed
access through
CDF
Luxturna® AMNOG October 2019 Considerable HST October 2019 Recommended
added benefit
Zynteglo® AMNOG May 2020 Non-quantifiable STA Submission date Suspended but
added benefit October 2019 initial documents
available
Zolgensma® AMNOG* November 2021 No added benefit HST July 2021 Recommended for
restricted
population (beyond
EMA label)
Tecartus® AMNOG August 2021 Non-quantifiable STA February 2021 Recommended
additional benefit with managed
access through
CDF
Libmeldy® AMNOG November 2021 Considerable HST Submission date In progress but
additional benefit February 2020 initial documents
available

Nineteen HTA reports published by G-BA and NICE were identified for the ten in-scope gene therapies
(Table 4.1). Two of these HTA reports were still ongoing or suspended (NICE: Libmeldy®(submission
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date October 2019) and Zynteglo®(submission date February 2020), respectively). NICE did publish
initial documents that allowed for deriving RWD/RWE usage in these HTA submissions but not the
RWD/RWE appraisal. Therefore, these reports were included for the total RWD/RWE usage but ex-
cluded in the appraisal comparison between NICE and G-BA.

Nine of the identified HTA reports issued a positive recommendation (G-BA, n = 7; NICE n = 2), six
a restricted recommendation (NICE, n = 6), two a negative recommendation (G-BA, n = 2) and two
no recommendation (NICE, n = 2) (Table 4.1). It should be noted, however, that the G-BA and NICE
frameworks and implications of orphan designation differs. As such, it may not be appropriate to strictly
compare gene therapy HTA outcomes as being positive, restricted or negative.

G-BA did not use any special programs to assess the gene therapies. In line with German regulation,
all therapies that have an orphan designation and annual sale of below €50 million, received a positive
recommendation (e.g. added benefit) by G-BA. Indeed, Imlygic®does not have an orphan designation
and annual sales of Zolgensma®exceeded €50 million, thereby taking away its orphan designation
privileges in a full assessment (Schulz et al., 2020).

At NICE, four therapies were assessed via the highly specialised technology route, which allows for
a higher cost-effectiveness threshold. The two indications that received a positive recommendation
(Strimvelis®; Luxturna®) were assessed via this route.

Table 4.2. Considerations in gene therapy HTA reports. Data retrieved from HTA Accelerator, complemented by data from
Jorgensen and Kefalas (2021). Not exhaustive. Considerations are not mutually exclusive.

Consideration Germany (G-BA) England (NICE)

Key considerations in decision making (not exhaustive)
Lack of long-term data on efficacy 2 2

Lack of long-term data on safety 2 -

—_
1

Lack of long-term data on all patient-relevant endpoints

Lack of long-term follow-up - 3
Uncertainty in overall survival 1 -
Uncertainty in long-term benefits - 1

Uncertainty in cost-effectiveness - -

Special considerations

Orphan drug 8 1
Burden of iliness - 2
End-of-life - 3

Market access considerations

Discount applied

Outcome-based agreement 4 2
Temporary decision 6 -
Continued evidence development agreement 4 3

Orphan designation was specifically mentioned in nine HTA reports (G-BA, n = 8; NICE n = 1) (Table
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4.2). This difference is expected, as this designation only influences the G-BA appraisal process.
Orphan designation per se does not lead to a special program in the NICE HTA framework. However,
it is one of the requirements for the highly specialised technology trajectory that four gene therapies
underwent.

Other than orphan designation, NICE has also formulated burden of iliness (NICE, n = 2) and end-of-life
(NICE, n = 3) criteria that some gene therapies may meet and that could influence the HTA outcome.
Such additional considerations are not taken explicitly into account by G-BA.

Lack of long-term data was found to be a key consideration in rationales for decision making for both
NICE and G-BA (G-BA, n = 5; NICE, n = 6) (Table 4.2). Indeed, the majority of G-BA assessments (n
= 5) have a non-quantifiable benefit following lack of long-term data.

However, the approach to mitigating such evidence uncertainties slightly differs between both agen-
cies. Whereas G-BA appears to mainly rely on temporary decisions (n = 6), NICE appears to resort
to discounts (n = 6). The agencies have similarly applied outcomes-based agreements and continued
evidence development agreements. Such agreements comprise collection of RWD/RWE, the usage
of which is discussed in the next section.

4.2. RWD/RWE usage in gene therapy HTA varies

To answer sub-question 2a (What role does RWD/RWE play in the HTA appraisal process of gene
therapies?), a retrospective comparative analysis was performed. In this analysis, RWD/RWE usage
by G-BA and NICE in gene therapy HTAs was explicated.

While NICE uses both RWE and RWD, G-BA mainly uses RWE

RWD/RWE usage was derived from the identified HTA reports (Table 4.3). While the number of sources
used for RWE was comparable, (G-BA, n = 66; NICE, n = 86), the number of RWD sources differed
(G-BA, n=7; NICE, n = 56). The difference in average RWD/RWE usage per HTA report (NICE, = 14;
G-BA, N = 8) appears to be attributable to the low RWD usage of G-BA. However, areas supported by
RWD in NICE HTA reports did not differ substantially from the areas supported by RWE. As such, it
appears that the lower RWD uptake by G-BA is not linked to the area that it supports.

Table 4.3. RWD/RWE sources G-BA and NICE. RWD: Real-world data. RWE: Real-world evidence.

G-BA NICE
RWE sources 66 86
RWD sources 7 56
Total 73 142

The most common RWD sources are interviews (G-BA, n = 3; NICE, n = 29) and disease registries
(G-BA, n =4; NICE, n = 11), together accounting for 72% and 100% of total RWD usage by NICE and
G-BA, respectively (Appendix A7).

For both agencies, the most frequently used RWE study design is a retrospective cohort study (G-BA,
n = 27; NICE, n = 35), followed by non-randomised controlled trials (G-BA, n = 19; NICE, n = 20) and
prospective cohort studies (G-BA, n = 14; NICE, n = 14).

From the presented data, it appears that the RWD types (i.e. interviews & disease registries) used by
both agencies does not differ considerably. The same is true for RWE study designs (i.e. retrospective
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cohort study & non-randomised controlled studies).

RWD/RWE supports different areas for NICE and G-BA

While the types of RWD/RWE used by G-BA and NICE are comparable, the reasons for inclusion, e.g.
area of HTA supported appears to differ (Figure 4.1).

The areas supported by RWE and RWD individually do not differ substantially (Appendix A7). For
both agencies, the main area supported by RWE studies is evidence on an external comparator to
assess clinical benefit and safety (G-BA, n = 34; NICE, n = 31). Other areas substantially supported by
RWD/RWE include information on the patient population (G-BA, n = 14; NICE, n = 37) and effectiveness
of the intervention (G-BA, n = 18; NICE, n = 23).

NICE G-BA

Population
- Burden of liness

Epidemiology
Patient characlenistics

Treatment pathway

Comparator
W External comparator

Outcomes
Clinical

Population
W Burden of ilness
Epidemiology

Patient characteristics

Comparator
W External comparator

Outcomes
Clinical

W Effectiveness - comparator
Effectiveness - intervention
W Exirapolation of OS - comparator 23%
Extrapolation of OS - intervention

. Extrapolation of PFS — comparator

e Vaiidation of surrogate endpoints.

PRO

QoL - comparator

Economic
Costs
Disutity
Health state transition probabilty
Resource utiization
Uity
PRO

n = 157 QoL - comparator n — 74

13%

Figure 4.1. Areas supported by RWD/RWE in NICE and G-BA gene therapy HTAs. As one RWD/RWE source may be used
to support different areas, the total volume of RWD/RWE usage (G-BA, n =74; NICE, n = 157) differs from the number of sources
mentioned in table 4.3. OS: Overall survival. PFS: Progression free survival. QoL: Quality of life. RWD: Real-world data. RWE:
Real-world evidence.

A considerable difference is evident from RWD/RWE used to support economic outcomes. While G-BA
does not consider this area in their assessments, it accounts for 25% of RWE usage by NICE. This is
expected, considering the different HTA archetypes of G-BA (REA) and NICE (CEA): while NICE takes
economic considerations into account, G-BA does not.

4.3. RWD/RWE appraisal in gene therapy HTA varies

To find out whether one HTA agency is more amenable to RWD/RWE usage than the other, the ap-
praisals of RWD/RWE were analysed.

Appraisal was categorised as ‘accepted’, ‘not accepted’ ‘notidentified’, or ‘other’ (Figure 4.4). RWD/RWE
sources categorised as ‘not identified’ or ‘other’ were not considered in this analysis. A complete
overview on the RWD/RWE appraisal per area supported is provided in Appendix A7.

The acceptance rate (defined here as the ratio between ‘accepted’ and ‘not accepted’ RWD/RWE us-
age) appears to be higher for NICE than G-BA (G-BA, n = 18/39; NICE, n = 35/27) (Figure 4.4). The
same is true for the ‘accepted’ RWD/RWE usage compared to the total volume of RWD/RWE usage
(G-BA, n = 18/74; NICE, n = 35/118), albeit with a smaller difference.
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Table 4.4. RWE/RWD sources G-BA and NICE. ‘Other’ refers to to RWD/RWE usage in suspended and ongoing reports (e.g.
NICE, Zynteglo®; NICE, Libmeldy®).

G-BA NICE
Accepted 18 35
Not accepted 39 27
Not identified 17 56

Used in Analysis 74 118
Other - 39

Total 74 157

RWD/RWE acceptance rates differ on areas supported for NICE and G-BA

While the overall acceptance rate by NICE may be higher, the acceptance could potentially differ be-
tween area supported.

To explicate whether the acceptance rates of RWD/RWE vary per area supported, the differently ap-
praised RWD/RWE uses are split out per area supported per agency (Figure 4.2).
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Figure 4.2. RWD/RWE acceptance per area supported for G-BA and NICE. OS: Overall survival. PFS: Progression free
survival. QoL: Quality of life.

The acceptance rate for RWD/RWE on an external comparator is particularly low for G-BA, compared
to NICE (G-BA, n = 1/30; NICE, 7/11). Another supported area where RWD/RWE acceptance differs
considerably is the effectiveness of intervention (G-BA, n = 12/6; NICE, 12/2). It therefore appears
that both agencies tend to accept RWD/RWE usage to support this area more often than not, albeit in
different ratios.

NICE and G-BA appear to generally align on the appraisal of RWD/RWE

In the final part of this analysis, the extent to which NICE and G-BA evaluate the same RWD/RWE
source differently is evaluated.
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RWD/RWE sources and their appraisal were compared between the two agencies. Appraisals of the
same RWD/RWE source by NICE and G-BA that were identified as ‘accepted’ or ‘not accepted’ were
categorised as ‘opposing’ or ‘corresponding’. Other RWD/RWE sources were categorised as 'unique’
to either one of the agencies (Table 4.5), regardless of whether the appraisal was identified in the HTA
reports.

Unique sources evaluated by NICE mainly comprised economic outcomes (i.e. costs, utility, resource
utilisation) (n = 39), burden of illness (n = 19) and external comparator data (n = 14) (Appendix A7).
For G-BA the majority of unique sources cited support data on external comparator (n = 15). Other
areas supported comprise effectiveness of intervention (n = 4) information of population characteristics
(n = 3) and validation of surrogate endpoints (n = 2).

Table 4.5. RWE/RWD usage comparison NICE vs G-BA. Only includes RWD/RWE sources identified as accepted or not
accepted for both agencies. *: not included in appraisals but different RWD/RWE uses included. n/a: not applicable.

Product Opposing Corresponding  Unique sources Unique sources
appraisals appraisals G-BA NICE

Imlygic® - - - 7
Kymriah® (DLBCL) - 3 3 10
Kymriah®(ALL) 1 4 6
Yescarta® - 1 12 5
Luxturna® - - - 13
Zynteglo®* n/a n/a 4 21
Zolgensma® - 7 0 19
Tecartus® 1 4 2 7
Libmeldy®* n/a n/a 1 7

Table 4.6. Similarly appraised RWD/RWE in gene therapy HTA reports published by NICE and G-BA. Only includes
RWD/RWE sources identified as accepted or not accepted for both agencies. QoL: Quality of life.

Area Kymriah®- Kymriah®- Yescarta® Zolgensma®  Tecartus® Total
supported DLBCL ALL

External 1 3 - - 3 7
comparator

Effectiveness 2 1 - 4 1 8
- intervention

Effectiveness - - 1 - - 1
- comparator

Safety - 1 - - 2 - 3
intervention

QoL - - - - 1 - 1
comparator

Total 3 4 1 7 4 20
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Corresponding appraisals mainly concerned the effectiveness (n = 8) and external comparator (n = 6)
(Table 4.6).

Two instances were found where the same evidence was appraised differently (Table 4.7). In both
cases, RWD/RWE was used to provide evidence on an external comparator.

While G-BA did not accept these studies following concerns on the applicability of the submitted studies,
NICE did acknowledge similar weaknesses but still accepted the studies.

Table 4.7. Differently appraised RWD/RWE in gene therapy HTA reports published by NICE and G-BA. RWD: Real-world
data. RWE: Real-world evidence.

Product RWD/RWE Area G-BA NICE
source supported
Kymriah®- ALL Jehaetal., External No information is available on the The committee accepted that the
2006 comparator specific ALL diagnoses in the studied study had a number of limitations, but
population concluded that that it was appropriate
to consider in its decision-making.
Tecartus® McCulloch et External Insufficient comparability with clinical “Using data derived from this study
al., 2020 comparator study on clinical effectiveness of the was considered to be more
intervention (differences in study appropriate than using uncertain
design, inclusion criteria, data estimates from an indirect treatment
collection, characteristics of study comparison.”
population)

As such, the two instances mentioned above are in line with earlier identified difference in RWD/RWE
acceptance rates of G-BA and NICE; NICE appeares more amenable to RWD/RWE usage than G-BA.
However, when placing these two instances in the context of the total volume of RWD/RWE submitted
(e.g. n =7 instances for external comparator), it appears that NICE and G-BA align on the appraisal of
evidence (n = 5) more often than not (n = 2).

4.4. Synthesising preliminary findings

Based on the results presented in the previous sections, the following preliminary findings were syn-
thesised.

Table 4.8. Preliminary findings from the retrospective comparative analysis. Findings in italics were not probed in use
cases or validated in interviews. HTA: Health technology assessment. RWD: Real-world data. RWE: Real-world evidence.

Sub- Preliminary Description Reference
question findings

1 Gene therapy HTA outcomes differ between G-BA and NICE Section 4.1

2 (Lack of) long-term data is a key consideration in rationales for Section 4.1
decision making by both G-BA and NICE

3 G-BA and NICE take different approaches to mitigate evidence  Section 4.1
uncertainty
4 NICE is more amenable to RWD/RWE usage in gene therapies  Section 4.2
than G-BA.
2 5 For both G-BA and NICE, retrospective cohort studies are the Section 4.2

most commonly cited RWD/RWE sources, followed by
non-randomised controlled trials and prospective cohort studies

continues on next page
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6 RWD/RWE supports different areas for NICE and G-BA Section 4.2

7 RWD/RWE acceptance rates by NICE and G-BA differ per area  Section 4.2
supported

8 RWD/RWE is generally appraised similarly between NICE and Section 4.2
G-BA

The preliminary findings presented in Table 4.8 are based on a rather superficial dataset. As such,
use cases were performed to provide additional context to the identified RWD/RWE usage, and probe
the synthesised findings. Findings 1.1 and 2.5 were considered sufficiently covered in literature and
therefore deprioritised in these use cases.

4.5. Use cases illustrate RWD/RWE usage in HTAs

Three illustrative use cases (Imlygic®, Yescarta®and Zolgensma®) will be presented in this section. A
complete overview on identified RWD/RWE usage is provided in Appendix A8.

Imlygic®

No RWD/RWE usage was identified for G-BA

In December 2016, G-BA published the final resolution and justification on Imlygic®(Gemeinsamer
Bundesausschuss, 2016). As this therapy did not have an orphan designation, it did not have an
additional medical benefit rating by default.

The evidence submitted by the company was primarily based on the OPTiM trial, a multinational phase
three randomized clinical trial that ran from April 2009 to September 2014. However, the committee
considered the comparator used in the OPTiM study inappropriate. In addition, no results of direct com-
parative studies were available for any patient population to demonstrate an added benefit of Imlygic®.
The company was also unable to identify studies suitable for an indirect comparison.

No real-world evidence usage was mentioned to mitigate this lack of evidence. Hence, the committee
noted that from the presented evidence, it was not possible to demonstrate an additional benefit com-
pared with the the current standard care in the therapeutic area. Consequently, G-BA issued a negative
recommendation, where added benefit of Imlygic was not proven for all three considered subgroups.

NICE mainly used RWD/RWE in cost-effectiveness assessments

Similar to HTA report submitted to G-BA, the evidence on effectiveness of the intervention was primarily
based on the OPTIM trial. The committee concluded that the most clinically relevant comparator within
the scope for this appraisal was ipilimumab (NICE, 2016).

To model long-term survival beyond the data that was obtained from the OPTiM trial, the company relied
on registry data from the American Joint Committee on Cancer (AJCC), as well as UK life tables from
the Office of National Statistic. While the committee did accept the multi-staged modelling approach
taken, it concluded that it had not been presented with a plausible incremental cost-effectiveness ratio
(ICER) for the intervention compared to the standard of care and did therefore not accept the submitted
evidence. Interestingly, the critique by NICE mainly relates to the methodological assumptions under-
lying the model that was used to inform decision making, rather than the quality or appropriateness of
the RWD/RWE sources.

The other four areas supported by RWD/RWE, were part of the CEA. However, their acceptance could
not be derived from the HTA report.



36 4. Results

A retrospective cohort study (MELODY) informed healthcare resource utilisation that would be asso-
ciated with adopting Imlygic®in the National Health Service. Similarly, RWD from electronic medical
records informed resource utilisation, as well as costs. Finally, the manufacturer derived utility decre-
ment values from a time-trade off study that was conducted among 300 respondents in the general UK
population.

In the end, NICE recommended that Imlygic should be restricted to people with melanoma for whom
immunotherapy is not suitable or otherwise contraindicated.

The observed difference in RWD/RWE usage appears to be related to the area supported

While no RWD/RWE usage was identified for G-BA, it appears to play a supportive role in the case
of NICE. RWD/RWE is used to provide benchmark data in informing extrapolations and assessments,
specifically related to the cost-effectiveness. As such, the difference in RWD/RWE usage appears to
be attributed to the area that it supports; G-BA does not consider cost-effectiveness in its HTAs.

Alignment on the evidence appraisal can therefore not be assessed in this case. It should be noted,
however, that the HTA bodies do not align on the appropriateness of the comparator. Whereas, NICE
does accept ipilimumab as a clinically relevant comparator, G-BA does not. This appears to be in line
with the earlier observed difference in acceptance rates between both agencies, especially for this area.

Yescarta®

G-BA did not accept the majority of RWE submitted, due to lack of transparency

G-BA's assessment for Yescarta®was published in February 2019 (Geimeinsamer Bundesausschuss,
2019). Primary study outcomes were based on the ZUMA-1 trial, an ongoing phase /Il multi-center,
open-label, single arm study that started in January 2015 and is expected to be completed by Septem-
ber 2035. In absence of a direct comparator, the manufacturer proposed to use the retrospective
SCHOLAR-1 study as a proxy. In addition, the NCI 09-C-0082 supportive study is mentioned. How-
ever, this open, single-arm phase | dose-finding study was not used for the benefit assessment, as
dosing amounts did not conform to regulatory requirements.

While G-BA noted uncertainties and possible differences between the patient populations in both the
ZUMA-1 and SCHOLAR-1 studies, it did consider the indirect historical comparison sufficiently valid to
assess the additional benefit of Yescarta®.

In addition to the above, 15 retrospective studies were submitted as alternative indirect historical com-
parators. Yet, the G-BA found that relevant differences to compare of the patient populations were
not given and that most studies lacked information on the patient characteristics. These studies were
therefore not used for the benefit assessment.

G-BA noted that an indirect historical comparison is highly sensitive to bias. Taking into account the
other uncertainties regarding long-term effects, sample size and patient populations, G-BA concluded
from the real-world evidence sources that an effect is present but cannot be quantified for both consid-
ered patient populations. However, as Yescarta®received an orphan designation, the therapy received
a positive recommendation by default.

As such, G-BA provided a temporary positive recommendation, valid through May 2022. Yescarta®will
then be re-assessed based on the results of the ZUMA-1 study after five years, as well as additional
comparative evidence for relevant further knowledge gain for the benefit assessment.

Lack of sufficient data quality and completeness in real-world evidence is apparent in this case from
the 15 retrospective studies that lack relevant patient information. This appears to be in line with earlier
synthesised findings, where this impedes the uptake of RWD/RWE.
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Immature survival data and limitations in the comparator data hampered assessment of the
added benefit by NICE

NICE published its final appraisal document for Yescarta®in November 2018 (NICE, 2019). Similar to
the G-BA appraisal, the results of the ZUMA-1 and SCHOLAR-1 studies were used.

While the evidence review group noted that “comparative effectiveness results from single-arm trials
are prone to bias”, the committee concluded that this approach was suitable. Yet, the SCHOLAR-1
study was not considered representative for patient populations in the NHS. In response to this cri-
tique, the manufacturer provided RWE from a patient cohort audit from an Oxford University Hospitals
database to validate the appropriateness of SCHOLAR-1. However, due to the limited sample size of
41 patients, this audit was not further considered. Instead, the committee concluded that Yescarta®was
“clinically effective compared with salvage chemotherapy, but immature survival data and limitations in
the comparator data mean that the exact size of the benefit is unknown”.

In addition to the above, three RWD soures and one RWE study were submitted to support evidence
the burden of illness and on current treatment pathways. However, the acceptance of these sources
was not identified.

Due to the uncertainty in available evidence, NICE recommended the use of Yescarta®for use through
the Cancer Drug Fund, conditional on a managed access agreement where follow-up data is required.
By February 2022, gathering five-year follow-up data from the ZUMA-1 clinical trial is anticipated to
conclude. NICE will then evaluate its guidance for Yescarta®.

While both HTA bodies acknowledged weaknesses in the submitted RWE, it did allow for com-
paring evidence on clinical effectiveness
In both cases, RWD was used to provide and compare evidence on clinical effectiveness. While the
RWD/RWE submitted was mostly unique to the HTA bodies, both did accept the SCHOLAR-1 study,
albeit with concerns on bias and uncertainty.

Interestingly, more RWD/RWE sources were identified in the G-BA HTA report. This is in contrast
with earlier synthesised finding that NICE reports use more RWD/RWE sources. Also, contrary to the
previous use case, the areas supported by RWD/RWE were not found to differ substantially for the HTA
bodies. Indeed, no RWD/RWE sources were identified to inform CEA parameters in the NICE HTA.

Zolgensma®

As annual sales exceeded €50 million, Zolgensma®did not benefit from its orphan designation
in the G-BA assessment

Zolgensma is the first therapy to be assessed under GSAV regulations by the G-BA (Gemeinsamer
Bundesausschuss, 2021). This means that since its budget impact was estimated to exceed €50 million
by IQWiG, Zolgensma had to go through a full HTA process, without its orphan designation privileges.
In such cases, the legislation requires a direct comparison with an appropriate comparative therapy.
Moreover, pharmaceutical companies may be obligated to generate and collect post-launch evidence.

The company did not submit randomised clinical trial evidence data that would allow for a direct or ad-
justed indirect comparison with the appropriate comparator therapy (Biogen’s Spinraza (nusinersen)).
Instead, it included for patients with SMA type 1 the single-arm studies START, STR1VE-EU and
STR1VE-US and for nusinersen the randomised clinical trial ENDEAR and the non-randomised single-
arm study CS3A, as well as its extension study SHINE.

RWD/RWE on the safety and effectiveness of the intervention came from prospective cohort study LT-
001 and the non-randomised controlled trial CL-101. Both evidence sources were accepted by G-BA.
In addition, the company submitted the ongoing LT-002 observational follow-up study of these single-
arm trials. However, since no data was available, this study was not considered.
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Data from the non-randomised phase | dose comparison study STRONG was not considered as the
intrathecal use in this study was not in conformity with the technical application. Other rejection ratio-
nales for RWD/RWE on the effectiveness of the comparator comprised it being a divergent intervention.
Finally, the acceptance of seven RWD/RWE sources was not identified. These were mainly used to
support evidence on the burden of iliness and patient characteristics.

The committee noted that there are clear differences in the mean duration of disease, which is a very
significant confounder. It concluded that due to the large uncertainties, the presented comparison are
not relevant for the benefit assessment and cannot be used to derive an added benefit. An added
benefit was therefore not proven.

For the other three indications, Zolgensma®was again found to offer no additional benefit over the
comparative therapies for treating spinal muscular atrophy.

NICE used RWD/RWE to inform several aspects of its assessment

Similar to G-BA, the main clinical effectiveness evidence in NICE’s final evaluation document was
derived from two completed open-label single-arm studies, START and STR1VE-US. In addition, the
company provided interim data of two ongoing single-arm studies: STR1VE-EU and SPR1NT, as well
as a long-term follow-up study of START, LT-001. The latter is an prospective observational study
anticipated to be completed by December 2033 and is considered RWE.

As none of the above-mentioned studies had a control arm, the company identified four potential natural
history studies to estimate outcomes for best supportive care. Three of these were considered real-
world data: a prospective study, a retrospective study and a database-derived study. The committee
acknowledged flaws in each of these natural history studies but considered the prospective NeuroNext
study the most suitable to estimate best supportive care outcomes.

To model long-term outcomes for different health states, the LT-001 study was complemented with
three additional real-world evidence sources. This included a retrospective chart review, a prospective
& retrospective study and UK life table data from the office for national statistics. Yet, the committee
noted that "there were limited data to inform long-term outcomes in the model and that this was a key
area of uncertainty” and concluded that although Zolgensma®is likely to have long-term benefits, the
exact amount of benefit was uncertain.

To inform costs and utilities of different health state scenarios in the cost-effectiveness assessment,
the company submitted multiple real-world data sources in the form of a cross-sectional and clinician
proxy vignette study, as well as systematic patient surveys. Again, the committee noted considerable
uncertainties in the model and underlying assumptions but concluded that "they appeared to be the most
appropriate to use in decision making”. Other RWD/RWE sources mainly served to support evidence
on quality of life (used in CEA) but also on the burden of iliness or patient characteristics. For the latter,
acceptance was often not identified.

Taking all evidence and uncertainties into account, the committee deemed a managed access agree-
ment most suitable. In three years, NICE will re-evaluate its guidance based on (real-world) evidence
that is being collected to resolve some of the identified uncertainties.

RWD/RWE usage NICE and G-BA partially overlaps

In the case of NICE, RWD/RWE was used to inform multiple HTA aspects, albeit with some uncertainties
on the appropriateness. Lack of sufficient data quality did not appear to hamper real-world evidence
usage in this HTA. Similarly, the lack of randomisation was not explicitly mentioned as a downside. Lack
of long-term data was mentioned multiple times as supporting rationale for not accepting RWD/RWE
sources.

Again, the appraisal of evidence by NICE and G-BA was similar, but a larger volume of RWE/RWD
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was submitted to NICE. Similar to earlier observations, this can in part be attributed to the differences
in HTA archetype between NICE and G-BA.

Analysis of aggregate data from the use cases

No clear trend is apparent in RWD/RWE usage over time
The total volume of RWD/RWE in the use cases was visualised (Figure 4.3).
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Figure 4.3. RWD/RWE appraisal of use cases over time. HTA: Health technology assessment.

Based on the limited data points, no clear trend is visible for the volume of RWD/RWE usage over time
for both agencies. In a similar vein, no trends were identified in areas supported or acceptance rates.

Formulating insights from comparing RWD/RWE exclusion rationales
The RWD/RWE exclusion criteria identified in the use cases were categorised in Table 4.9.

Table 4.9. Quantifying exclusion rationales from the use cases. HTA: Health technology assessment. RWD: Real-world
data. RWE: Real-world evidence.

Rationale Description G-BA NICE
1 Lack of suitable effectiveness inputs 0 2
2 Lacking information / comparability not provided " 2
3 Relevant differences of the patient characteristics 1 0
4 Measurements in performed study not conform regulatory 2 1

requirements/ current practices
5 Limited data set 0
6 No data available 2
7 Methodology used in RWD/RWE source not appropriate 0 1
8 Not used as other RWD/RWE source was better suitable 0 1
9 Not used as RWD/RWE source is a duplicate 0 1

Based on the presented rationales, it appears that gene therapy manufacturers should take the follow-
ing aspects into account when submitting RWD/RWE in gene therapy HTAs.
First, it appears that manufacturers should be critical towards the data that they submit, i.e. does it
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provide information to substantiate its relevance and is the data set extensive (rationales 2, 5 & 6).
Especially for G-BA this appears to be a confounding factor.

Another relevant consideration appears to be linked to the appropriateness of the RWD/RWE sources,
i.e. whether it reflects practices in the current standard of care (rationales 4 & 8).

Findings to be validated in interviews

The use cases provided context to the earlier identified RWD/RWE usage. Moreover, the exclusion
rationales were categorised to and the preliminary findings presented in Table 4.8 were probed.

Use cases supported finding 2.4 (in general more, RWD/RWE is submitted to NICE) and that NICE also
has a higher acceptance rate than G-BA (finding 2.7). Moreover, in line with finding 2.6, RWD/RWE
was often used to support CEA aspects in the NICE HTAs.

It should be noted that the synthesised findings and generated insights are based on a rather limited
data set. Moreover, RWD/RWE usage may have been misinterpreted (as discussed in chapter 6). As
literature delivering empirical evidence on RWD/RWE usage was found to be scarce, most of these
findings could not be validated through literature alone. As such, interviews were conducted to validate
findings 1.2, 1.3, 2.4, 2.6 - 2.8. Again, findings 1.1 and 2.5 were considered sufficiently covered in
literature and therefore deprioritised.



Interviews

Interviews with industry experts and academics served to validate the preliminary findings described in
the previous chapters. In addition, the interviews aimed to gather insights on potential challenges and
opportunities in HTA body alignment, specifically in the context of future joint clinical assessments of
gene therapies.

5.1. Validating preliminary findings

Preliminary findings included output from the literature review, as well as findings from the retrospective,
comparative analysis.

Understanding the current practices in gene therapy HTAs

In the first part of the interview, preliminary findings on sub-question 1 (How are gene therapies currently
assessed in HTAs?) were validated. The goal was to obtain a better understanding of the current prac-
tices in gene therapy HTAs, including specific considerations or frameworks applied in their appraisal.

While most special considerations in gene therapy HTAs are shared with other therapy types,
curative potential may be considered unique

When asked for special considerations in gene therapy HTAs, three interviewees mentioned that orphan
designation may influence the HTA outcome for some HTA bodies. One interviewee also mentioned
burden of illness and end of life criteria considerations, but noted that these are specific to NICE; G-BA
does not explicitly consider this.

However, each interviewee emphasised that the special considerations mentioned above are not unique
to gene therapies. Interviewee A2 explained: “I always find it really difficult to just look at HTAs of gene
therapies. | think you should put them in a wider perspective so compare them to other types of HTAs
and | think if you compare them to other types HTAs, [...] | think the key considerations aren’t that
different, right? Because it's the same framework they are being assessed in.”

The curative potential of gene therapies, however, was mentioned in two interviews to be an unique
consideration for this therapy type. Other interviewees did not mention this consideration explicitly.
However, part of this consideration may be captured in the uncertainty regarding long-term benefits.
This is a challenge that every interviewee mentioned during the interview, albeit with the nuance it is
not unique to gene therapies.

Similarly, HTA frameworks are not specific for gene therapies, although that may change over
time

Interviewees agreed that there are currently no HTA frameworks that are specifically tailored to gene
therapies. Indeed, all interviewees noted that the methodological and practical challenges encountered
in gene therapy HTAs are also not necessarily unique to this therapy type. To this point, interviewee 13
noted that “You would like to think that these innovations are very special and very unique, but there
are just a few key challenges and they’re kind of shared by these innovations [...].”

The absence of specific frameworks therefore appear to be linked to the fact that the challenges are
not unique. However, this could change in the coming years, according to interviewee 11: “They [Zorg
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Instituut Nederland] basically say that they need to adjust their frameworks. | can see something similar
happening for some of the HTA bodies, basically saying that our systems may not be fully equipped
to assess cell and gene therapies and we may need to adjust our frameworks to account for special
considerations.” A special considerations in this context could then include curative potential. Other
than this statement, no additional mentions on potential changes to HTA frameworks were identified in
the interviews.

Discounts are not specific to gene therapy types and do not serve to mitigate uncertainty
From the preliminary findings described in the previous chapter, it appeared that discounts were com-
monly adopted in gene therapy HTAs. However, interviewee |12 noted that “Discounts are a way to lower
the price and decrease the budget impact. [...] | don’t think it necessarily that something to do with the
increased uncertainty [...] | don’t think discounting per se is anything specific to gene therapies”. When
this findings was probed in interviews, all responses shared the view that discounts are not a way to
mitigate uncertainties and that they are not specific to a particular therapy type.

Managed access agreements appear well-suited to mitigate evidentiary uncertainties

Instead, interviewees agreed that the concept of managed access agreements can be applied to mit-
igate evidentiary uncertainties. While three interviewees noted that this approach was increasingly
common, interviewee |1 was a bit more reserved, noting that “/...] it is not that we see an overwhelming
amount of agreements that are more advanced than simple discounts. Currently, the impact is rela-
tively limited but everyone is looking to change that”.

From the interviewees’ responses it became clear that both G-BA and NICE embrace such novel pay-
ment forms. To this point, interviewee |2 mentioned that “G-BA of course has been the key development
in the last years where they have started to ask for real-world registries, which mandate manufactur-
ers to collect RWE on the product post-launch and then doing a reevaluation. NICE has had similar
processes where they would reevaluate products in a certain number of years”. Indeed, mitigating
uncertainty through continued evidence development as part of regulatory approvals or novel payment
agreements was specifically mentioned by three interviewees.

The current and future role of real-world evidence in gene therapy HTAs

Continued evidence collection from a real-world setting appears to imply the collection of RWD and
synthesis of RWE. As such, the focus of the interview shifted towards the role of RWD/RWE to validate
preliminary findings on sub-question 2 (What role does RWD/RWE play in the HTA appraisal process
of gene therapies? and How has RWD/RWE usage in gene therapy HTAs evolved?).

While the role of RWD/RWE may increase over time, it is not a ’silver bullet’

When asked to what extent RWD/RWE could mitigate challenges encountered in appraising gene ther-
apies, all interviewees agreed that it at least has the potential to support decision making. A recurring
caveat in the interviewees’ responses was that RWD/RWE is not the single answer to these uncertain-
ties, or as interviewee I3 put it: “if anything, it probably moves the needle more from a no to a maybe”.
There was a general consensus among interviewees that RWD/RWE currently mainly serves to sup-
port particular areas in HTAs. Two interviewees noted that the area supported depends on the quality
of the evidence and what insights can be derived from it. Common areas where RWD/RWE can play
a supportive role according to the interviewees, included describing the patient population (n = 3), the
national history of the disease (n = 2) and comparative effectiveness (n = 3). For NICE specifically,
healthcare resource use and shape of the long term extrapolations were also mentioned by interviewee
3.

In general, interviewees’ view on how the adoption of RWD/RWE may evolve over time is in line with
the statement made by interviewee 11: “[...] overall, the role of RWE is here to stay and also will
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have an increasing impact”. However, where interviewees saw this increasing impact most likely to
happen, remained mostly unknown from the responses. One interviewee (12), mentioned supporting
effectiveness or supporting the validity of certain endpoints as areas where RWD/RWE may play a
pivotal role in future HTAs.

The role of real-world evidence differs between HTA agencies

The majority of interviews noted that RWD/RWE usage differs between HTA agencies. Interviewee
A1 noted that “different agencies have different methods, different processes and different principles of
operation [...] they will have different preferences for additional source of evidence, including real-world
evidence, right?”

Industry experts |1 and 12 provided more detail on the differences in areas supported by RWD/RWE
between G-BA and NICE. Both saw a substantial difference in RWD/RWE usage to support effective-
ness, interviewee |1 explained: “...] if you look at effectiveness as an area supported, you will not find
any case in Germany where that has been accepted. Whereas in the UK you won't find loads of cases,
but there are cases where RWE really is accepted as a source to inform effectiveness.”

Accelerated regulatory pathways and international initiatives may drive RWD/RWE uptake

A few enabling factors for RWD/RWE uptake emerged from the interviews. International initiatives and
collaborations were mentioned most often (n = 4). However, two interviewees noted that progress in
such initiatives has been slow.

Other factors included technological advancements of clinical systems and techniques to analyse those
data. Interviewee 11 explained: “common data sets, developing standardization of what is collected in
certain registries, what’s collected in EMR [electronic medical records] across Europe will certainly
enable the use of RWE”.

The accelerated regulatory pathways was also recurrently mentioned as a factor that drives RWD/RWE
usage. Interviewee 12 explained that “products get proved based on more limited data sets with manda-
tory post authorization data collection and sometimes also RWE as part of the regulatory submissions

[.].

HTA bodies themselves may be a bottleneck in RWD/RWE uptake

In addition to the above, interviewee 12 also noted that the accelerated regulatory approval has “put the
burden on HTA bodies what they do with this evidence. We see that they are struggling and lagging
behind [...]” As such, it appears that while this development has lead to an increase in RWD/RWE
submissions, it has also exposed that HTA bodies themselves may be a barrier in RWD/RWE uptake.
It seems that this contrast can, at least in part, be attributed in the difference of evidence requirements.
Interviewee 13 explained: “there is this tension between what is being asked by regulatory bodies and
what is needed by payers to feel confident that they are dealing with a value for money product”.

Interviewees were generally aligned on barriers that impede RWD/RWE uptake

Another recurrently mentioned barrier was the lack of prescriptive guidance. Three interviewees saw
this as a substantial barrier to increase the adoption of RWD/RWE. Interviewee |1 explained that “at
the moment, the vast majority of RWD/RWE is submitted because the manufacturer believes that it can
help them, not because the HTA bodies requested it”.

Other factors that impede increased RWD/RWE uptake that were mentioned, included the data privacy
(n = 1), lack of standardisation (n = 2), risk of bias in the data (n = 1) and heterogeneity in patient
populations (n = 1).

Interviewees did not mention RWD/RWE terminology as a factor that impedes RWD/RWE uptake.
When probing for this factor, interviewee 12 responded that “I don’t think the alignment on the terminol-
ogy of RWE plays a role per se, | mean they’re very broad, right? There are differences, certainly in
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the types of studies which are accepted in one country from another, but | don’t think there’s confusion
around the definitions per say that hinder uptake of RWE.”

The HTA body archetype and inherent characteristics influence RWD/RWE uptake

The barriers and enablers covered in the paragraphs above appear to be generally applicable to
RWD/RWE uptake by most HTA bodies. When interviewees were asked to differentiate RWD/RWE
usage (e.g. openness to its usage) between G-BA and NICE, a clear difference became apparent in
both areas supported and acceptance.

From the responses, it became clear that the German system has a very mechanistic way of looking at
the data, where they apply the same methodology and threshold across therapy types. NICE, on the
other hand, appears to be much more flexible in its approach.

Similar to the HTA body characteristics, their approaches to HTAs (REA & CEA for G-BA & NICE,
respectively) also appear to influence RWD/RWE usage. Interviewee 11 explained why NICE’s CEA
archetype may be particularly compatible with RWD usage: ‘there’s a lot of assumptions that need to
go in there anyway and if they sound plausible to the various committees and efc., then that’s OK”. As
such, it appears that per definition, NICE considers aspects (e.g. cost-effectiveness) that are inherently
more suitable to be substantiated by RWD/RWE than aspects considered in REAs.

Interviewees were generally aligned on NICE being more open to RWD/RWE usage than G-BA. While
this difference may be partially attributed to the archetypes, the methodological strictness was also
found to be relevant. Interviewee |1 explained: “/t comes down to the mechanistic view in Germany,
where they apply the same methodology and threshold across therapy types. NICE is more flexible
in its approach and the way it is dealing with RWD/RWE [...].” Three interviewees mentioned this
difference in methodological strictness as a considerable influence on the RWD/RWE usage.

Multiple factors influencing RWD/RWE uptake appear to connected
From the conducted interviews, several factors relevant to RWD/RWE uptake emerged. The aggregate
findings and their relationships were visualised in a network (Figure 5.1).
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From this network, it appears that many factors that affect RWD/RWE uptake are interrelated. The
current and future role of RWD/RWE are associated with the uptake of RWD/RWE. Several promoting
and impeding factors affect RWD/RWE uptake. While international initiatives may mitigate some of
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the barriers, including lack of guidance and standardisation, other barriers like confounding bias and
heterogeneity among patient populations appear to be unsolvable by nature.

5.2. Exploring potential challenges and opportunities in HTA body
alignment

Allinterviewees were aware of the recently introduced legislation on EU-wide joint clinical assessments.
However, the majority noted that this legislation is still in its infancy and that many aspects are still
unknown.

Joint clinical assessment pilots may solve some uncertainties

One of these unknown aspects is its implication for individual HTA bodies. Interviewee 12 rightfully
pointed out that: “The joint clinical assessment is going to be on the clinical data. Legislation says that
individual country HTA bodies can ask for additional data but then need to substantiate why, i.e. we
want to see local study data etc. That is still in place”. Therefore, the uncertainties appear mainly relate
to what national HTA bodies will do with the clinical assessment outcome and to what extent it satis-
fies their evidence requirements. Given these uncertainties, interviewees appeared slightly dubious
towards the feasibility given the complexity and variability between countries. However, no strongly
positive or negative views were identified.

Uncertainties may be partially solved through a number of pilots that will start soon. Interviewee 11
explained: “That is going to be a big learning experience for the manufacturers, but also for local HTA
bodies in terms of what data do we see and what else do we expect or get from manufacturers because
they decide what extra data they provide.” Indeed, three interviewees mentioned that many aspects
will become clear over the next years or remain to be seen.

Alignment on evidence requirements would be needed for HTA bodies to accept
the outcome of a joint clinical assessment

Despite the legislation still being in its infancy, interviewees could foresee potential challenges and
implications. A recurrently mentioned challenge relates to the alignment of evidence requirements.
Interviewee 11 explained that if there are “fundamental differences in how NICE looks purely at the
clinical data vs. G-BA looking at same set of data, that is where alignment needs to take place”. In a
similar vein, interviewee 12 said that “those fundamental things of what evidence countries accept and
in what context, that’s going to be crucial for the subsequent implementation”.

Similarly, two interviewees foresaw potential challenges related to variable acceptance of RWD/RWE
in various geographic contexts. Interviewee |1 explained: “from my experience a lot of local RWD/RWE
gets submitted to the HTA body of a particular country [...] You would need to harmonize the operation
of let’s say a registry across Europe. That is difficult because the treatment realities of the patients are
different in different countries.” While standardisation of EU guidelines could potentially mitigate such
differences, industry expert 11 could foresee related challenges: “[standardisation] is more a physician-
led discussion and not so much a political one. This is much more complicated because even within a
single country there may be disagreements on how patients should be treated.”

European guidelines and standards could potentially mitigate fundamental dif-
ferences between HTA bodies in a joint clinical assessment

According to interviewee 13, such guidance would be valuable: “they [manufacturers] will need to pre-
pare their RWE platform or package for their submission on an EU level, and | do think that the European
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Commission or the working group that’s assigned to this needs to think about this”. In a similar vein,
interviewee 12 noted that guidelines “would also then benefit companies because the key concern that
many of the of our clients have is that this [joint clinical assessment] is just going to be an extra hurdle
[...] | think what you want to try and do is to minimize the additional information that needs to go to
other countries”. To mitigate such a potential increase in administrative burden, the transferability of
joint assessments to national HTAs should be optimised.

Alignment on PICO would be needed for HTA bodies to accept the outcome of
a joint clinical assessment

Interviewees were generally aligned on what would be needed for national HTA bodies to accept the
outcome of a joint clinical assessment. According to interviewee 12, “the key alignment to make a
meaningful sort of joint assessment and also to allow it to be used by other countries is that there
needs to be alignment on the PICO [patient population, intervention, relevant comparators, outcomes
(e.g. relevant endpoints)].”

While the alignment on comparator was mentioned by all interviewees, alignment on the outcomes
(e.g. clinical endpoints) was mentioned in two interviews. However, alignment on the intervention was
not mentioned by another interviewee. Moreover, interviewee 11 did not foresee any challenges in the
near future related to the patient population: “at the moment, in the context of cell and gene therapies,
these are relatively small overall populations. Alignment is therefore not going to be an issue at the
moment”.

How joint clinical assessments may affect RWD/RWE uptake remains unknown

Interviewees gave mixed responses when asked to what extent the joint clinical assessment may impact
RWD/RWE usage. While interviewee 11 said “I don’t think that a joint clinical assessment is going to
trigger more requests from HTA bodies. So still in the case of joint clinical assessments, it is still up
to the manufacturer to decide what RWE study to run in what countries and then make that available”,
interviewee 12 said that “[...] I think the EU regulation will give a sort of an injection into relooking at
all the guidance documents that exist, which | think also make a realization that many of them were
outdated or not specific enough”.

However, interviewee 12 also noted that the extent to which HTA bodies would evaluate their RWD/RWE
guideline and act upon it, may substantially differ. The interviewee explained: “they [NICE and G-BA]
have the expertise in house [to interpret RWD/RWE]. But if you look at smaller countries, they will not
have the expertise, and that’s again, | think where the joint EU HTA may come into play by addressing
and filling that gap [...]".

While many aspects of the joint assessment remain unknown, some relation-
ships could be identified

Several elements relevant to RWD/RWE uptake emerged during the interviews. The aggregate findings
and their relationships were visualised in a network (Figure 5.2).

From the conceptual network, it appears that there are two boundary conditions for optimal transfer-
ability of joint clinical assessment outcomes to national HTA bodies. The first condition is alignment on
the different aspects of the PICO framework. The second condition is then alignment on the evidentiary
requirements of evidence that is submitted for these PICO aspects. EU-wide consortia can potentially
help facilitate achieving such alignments in EU guidelines, which would also help manufacturers focus
on synthesising evidence that meets the required standards.
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5.3. The interviews provided key insights to validate and interpret
preliminary findings

Based on the results presented in the previous sections, the following key insights were synthesised
(Table 5.1)

Table 5.1. Key insights from the semi-structured interviews. HTA: Health technology assessment. RWD: Real-world data.
RWE: Real-world evidence.

Sub- Insight Description Reference
question
1 1 While most challenges encountered in gene therapy HTAs are Section 5.1

shared with other therapy types, curative potential is a key
differentiating factor

2 HTA bodies have no frameworks or payments schemes Section 5.1
specifically tailored to gene therapies, but these may emerge
over time
3 While RWD/RWE has the potential to support decision making, Section 5.1
2 it is not a silver bullet.
4 RWD/RWE currently mostly supports areas like the patient Section 5.1

population, the national history of the disease and informing the
comparative effectiveness.

5 RWD/RWE is here to stay and also will have an increasing Section 5.1
impact, particularly in supporting effectiveness or supporting the
validity of certain endpoints.

continues on next page
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Enablers for the uptake of RWD/RWE by HTA bodies include
technological advancements of clinical systems and techniques,
as well as international initiatives and collaborations.

Accelerated regulatory pathways also appear to drive
RWD/RWE usage but the impact is limited as HTA bodies have
different evidence requirements

Data privacy, lack of standardisation, risk of bias in the data and
lack of prescriptive guidance act as substantial barrier to
increase the adoption of RWD/RWE

Section 5.1

Section 5.1

Section 5.1
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11

12

13

The uncertainties on joint clinical assessments appear to mainly
relate to what national HTA bodies will do with the clinical
assessment outcome and to what extent it satisfies their
evidence requirements

The key alignment to make a meaningful sort of joint
assessment and also to allow it to be used by other countries is
that there needs to be alignment on the PICO aspects

Alignment on the fundamental evidence requirements needs to
take place (e.g. what kind of evidence and in what context)

Potential challenges for a joint clinical assessment include the
geographical context of RWD, as well as the lack of
standardisation in the data

EU-wide guidelines may trigger issuance of updated national
(prescriptive) guidelines on RWD/RWE usage, which would
mitigate a potential increase of administrative burden for
manufacturers

Section 5.2

Section 5.2

Section 5.2

Section 5.2

Section 5.2




Discussion

This study aimed to derive implications for alignment in future joint clinical assessments based on
RWD/RWE usage in gene therapy HTAs. This chapter serves to interpret and discuss the findings and
their implications. First, the research findings will be critically discussed. Second, the limitations of this
study are described. Finally, the scientific and practical contributions are highlighted.

6.1. Discussion of findings

Throughout this thesis, preliminary findings and key insights were summarised at the end of each data
gathering and data analysis chapter. Explicitly recapping the findings per research question served
to keep an overview of what research questions were addressed in a chapter but it also yields an
impression of how these findings changed throughout the research.

While special considerations apply to gene therapy HTAs, they are often not
unique to this therapy type

The first step in performing this research was to gain insights into the recent developments in gene
therapy HTAs, which were relevant for answering sub-question 1 (How are gene therapies currently
assessed in HTAs?).

In accordance with findings from the literature, key uncertainties in gene therapies mainly concerned
the lack of long-term data on clinical effectiveness and cost-effectiveness. However, considerations
relating to the ethical and legal aspects appeared to bear counterweight to such uncertainties in gene
therapy HTA outcomes. This has also been described in literature (Pochopien et al., 2021; Ten Ham
et al., 2021). Yet, to what extent these considerations allow for increased acceptance of uncertainty,
was unclear. Moreover, the outcomes of this leniency appears to differ between HTA bodies; whereas
orphan designation leads to a positive recommendation by default in the G-BA framework, it does not
lead to a special program in the NICE HTA framework. higher acceptability of uncertainty.

Interviewees emphasised that most considerations and challenges are not unique to gene therapies
other than curative potential. Interviewee A2 explained: ‘[...] I think the key considerations are not
that different, right? Because it is the same framework that they are being assessed in”. This finding
corresponds with the work by Faulkner ef al. (2019), who note that it appears that HTA bodies are not
applying technology-specific frameworks. Curative potential alone has therefore not led to HTA bodies
developing frameworks tailored to gene therapies. That is not to say that HTA bodies are not willing to
change, as interviewee 11 noted “They [Zorg Instituut Nederland] basically say that they need to adjust
their frameworks. | can see something similar happening for some of the HTA bodies [...]".

Explicating the role of real-world evidence in gene therapy HTAs

Through a retrospective comparative analysis, findings relevant for answering the question What role
does RWD/RWE play in the HTA appraisal process of gene therapies? were obtained.

RWD/RWE support different areas in NICE and G-BA gene therapy HTAs
A substantial difference in RWD usage between G-BA and NICE became apparent. This difference
may be attributed to the methodological framework used by NICE. It inherently allows for more RWD
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usage due to the increased number of assumptions compared to the G-BA framework. One could
argue that RWD may be beneficial in making assumptions on particular aspects (i.e. insurance claims
to derive costs) that may be less relevant in the G-BA gene therapy HTAs.

In line with the HTA archetypes of G-BA (REA) and NICE (CEA), a considerable difference was evident
from RWD/RWE used to support economic outcomes. The work by Makady et al. (2018) reported sim-
ilar observations: RWD/RWE was mainly used for delivering evidence on epidemiological information
in REAs and long-term effectiveness and costs in CEAs. However, unlike the work by Makady et al.
(2018), the areas supported in this research mainly comprised information on an external comparator,
information on the patient population and effectiveness of the intervention for both G-BA and NICE.

It should be noted that the retrospective analysis by Makady et al. (2018) did focus on melanoma drugs
and included other HTA bodies. As such, a comparison between these works may be inappropriate.
However, as G-BA and NICE are generally considered prime examples of REA and CEA, respectively,
a similar result would be expected. Moreover, the authors used IQWiG to represent Germany rather
than G-BA. As IQWiG generally uses more epidemiological data (IQVIA internal expertise, 2021), this
could, in part, explain the observed difference.

While G-BA and NICE are generally aligned on the appraisal of RWD/RWE, the acceptance rates
differ

NICE was found to have a considerably higher RWD/RWE acceptance rate than G-BA (56% and 32%,
respectively). Interviewees were generally aligned on NICE being more open to RWD/RWE usage than
G-BA. While this difference may be partially attributed to the archetypes, the methodological strictness
was also relevant.

Despite these inherent differences, it appeared from the retrospective analysis that G-BA and NICE
are generally aligned on the appraisal of RWD/RWE. Two instances were found where the identified
appraisal by both HTA bodies were opposites. In line with the identified difference in leniency for
RWD/RWE usage, NICE did accept both RWD/RWE sources, and G-BA did not.

From the acceptance rates of RWD/RWE per area supported, both agencies tend to accept RWD/RWE
usage to support the effectiveness of the intervention area more often than not, albeit in different ratios.
This finding is in contrast with the experience of industry expert 12, who noted that: “[...] if you look
at effectiveness as an area supported, you will not find any case in Germany where that has been
accepted. Whereas in the UK, you won't find loads of cases, but there are cases where RWE really is
accepted as a source to inform effectiveness.” However, given the lack of empirical evidence, literature
does not suffice to validate either of these findings.

Identified factors influencing RWD/RWE uptake in gene therapy HTAs align with
the literature

Interviews served to validate initial findings and gain insights needed in answering sub-question 3 (What
factors impact RWD/RWE usage in gene therapy HTA appraisals? & What are steps to be taken to
extend RWD/RWE usage in HTA appraisals of gene therapies?)

The existing body of literature prominently mentioned methodological factors impeding widespread
RWD/RWE adoption. These include confounding bias, lacking randomisation, standardisation and
transparency, as well as a lack of guidance & policies. These factors were not explicitly linked to par-
ticular therapy types.

This is in line with the identified knowledge gap where RWD/RWE usage in HTAs is not specifically
linked to gene therapies. However, from interviews it appeared that the factors identified from literature
also applied to gene therapies.

Contrary to the finding described by Makady et al. (2017a), interviewees did not mention varying defi-
nitions of RWD/RWE as a barrier to its uptake. Interviewee 12 noted that “/ do not think the alignment
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on the terminology of RWE plays a role per se [...]”. As such, the ambiguities around RWD/RWE defini-
tions may have been solved over the years. International collaborations and initiatives between multiple
stakeholders are likely to have contributed if this is true. Interviewees described such international col-
laborations as a key driving force for the uptake of RWD/RWE.

A conceptual network of factors that influence RWD/RWE uptake was established based on gathered
interview data. From the network, initiatives indeed appear to be able to mitigate some of the iden-
tified barriers. However, other barriers appear to be unsolvable by nature and maybe mitigated over
time through technological advances. Interestingly, however, Hampson et al. (2018) noted that such
advances, i.e. the increasing ability to generate and interpret large amounts of data, have also lead to
the increasing complexity of RWE study designs. This, in turn, may form a barrier to uptake, as HTA
bodies may not know how to interpret the data. As such, HTA bodies themselves may end uop being
a barrier to RWD/RWE uptake. Then again, international collaborations such as the GetReal Institute
may help knowledge sharing (i.e. best practices) between HTA bodies to mitigate such barriers.

Steps to be taken to increase RWD/RWE uptake mainly relate to mitigating identified barriers
Based on the above, the following steps are likely to contribute to increased uptake of RWD/RWE
usage among HTA bodies:

» Foster and expand ongoing initiatives and inter-organisational collaborations to facilitate knowl-
edge transfer and knowledge sharing (i.e. on best practices on RWD/RWE usage) between HTA
bodies and other relevant stakeholders

» The output of these collaborations should be ideally be formalised in two ways. Guidelines for
HTA bodies themselves on interpreting the increasingly complex RWD/RWE would help HTA
bodies embrace and appreciate RWD/RWE in their assessment frameworks. This is particularly
valuable for HTA bodies with insufficient in-house resources.

In addition, HTA bodies should be issuing prescriptive guidance for gene therapy manufacturers
on requirements of RWD/RWE sources

+ Finally, within the EU-wide efforts to introduce standardisation of data collection, data control
infrastructure should be expanded to ensure high-quality data, which would facilitate increased
adoption of RWD/RWE

Inter-organisational alignment on assessment elements and evidentiary require-
ments is needed

This section will discuss the implications of these findings for achieving alignment between these HTA
bodies. However, merely suggesting a general alignment of gene therapy HTA outcomes would un-
dermine the multifaceted nature of HTAs and their complexity arising from interpretation in the national
standard of care. Indeed, the joint clinical assessment legislation is limited to the clinical assessment
of a health technology (European Commission, 2021). To optimise the transferability to national HTA
bodies, alignment on assessment elements and evidentiary requirements is necessary.

Alignment on assessment elements

The majority of similarly appraised sources supported evidence on the outcome (effectiveness of the
intervention) and evidence on an external comparator. Relatively few unique sources were included for
the former, which is expected since these often comprise effectiveness studies by the manufacturers.
However, many unique sources were submitted to both G-BA and NICE for evidence of an external
comparator. This makes sense, considering the varying appropriateness of external comparators in
the context of the local standard of care. This illustrates that a substantial barrier in alignment may
arise from the comparative aspect in the joint clinical assessment.
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Similarly, both agencies mainly considered unique sources for the patient characteristics aspect of the
PICO framework. Again, this makes sense given the local standard of care.

These findings were validated in interviews, from which it indeed appeared that alignment on the com-
parator aspect was deemed most challenging. While alignment on the outcomes (e.g. clinical end-
points) and alignment on the intervention were considered less challenging, alignment on the patient
population was not considered a considerable barrier in the foreseeable future. This is due to the small
patient populations that gene therapies generally target. However, it should be noted that this may
change if gene therapies would target more significant patient populations in the future.

Alignment on evidence requirements

To improve synergy among HTA bodies, Wang et al. (2018) recommend using real-world evidence to
support relative effectiveness assessments in HTAs. Given the variable RWD/RWE acceptance rates
for different areas supported in HTA reports, this recommendation appears too broad.

In line with the work by Kanavos et al. (2019), it appears that HTA bodies’ risk tolerance and attitudes to-
wards RWD/RWE usage may form a potential barrier to the feasibility of joint clinical assessments. HTA
bodies should have a discussion and align on evidentiary requirements (e.g. what type of RWD/RWE
is accepted and in what context).

Similarly, alignment should be reached on requirements in terms of the geographical context of the
submitted RWD/RWE. While EU-wide patient registries could potentially mitigate regional differences,
patient data privacy may pose challenges in its feasibility.

Consortia and EU-wide initiatives such as EUnetHTA may play a pivotal role in establishing such pre-
scriptive guidelines and bringing relevant stakeholders together.

Practical implications for future joint clinical assessments of gene therapies

Despite many unknowns, it appears that the envisioned joint clinical assessment may evolve in a hi-
erarchy structure, where a single actor or committee determines the assessment outcome (European
Commission, 2021). However, establishing a framework to guide this assessment would likely in-
volve aligning the national HTA bodies. Considering the diversity of national HTA bodies and other
stakeholders, including decision-makers, policymakers and manufacturers, the HTA landscape may
be interpreted as a network (Bruijn and Heuvelhof, 2018).

Achieving consensus in the HTA network Problems in the context of networks and varying interests
of actors may often be considered 'unstructured’ or 'wicked’ (Rittel and Webber, 1973). The authors
specify multiple characteristics of such problems, one of which is the lack of a definitive formulation
for the problem. However, one could argue that there appears to be a clear definition for the problem
(e.g. establishing a joint assessment framework that is transferable to national HTA bodies). In a similar
vein, there may be a true solution to the problem (e.g. achieving alignment of actors on the assessment
criteria and evidentiary requirements) that can be tested (i.e. through the extent to which the outcome
is integrated into the HTA process national HTA bodies). Wicked problems do not have true solutions
or an ultimate test of a solution (Rittel and Webber, 1973). As such, it appears that despite the different
interests of these actors, the problem at hand may not be considered 'unstructured’ or 'wicked'.

To formulate a way forward, the decision tree on policy analysis support as presented by Enserink
et al. (2010) is used. The problem must be solved in a consensual process of multiple HTA bodies
with aligned interests (e.g. a joint clinical assessment outcome that can be used directly in national
HTA body assessments). However, their consensus on the technical information may not be achieved,
following the identified differences in HTA characteristics and RWD/RWE amenability. Considering
these factors, an interactive analysis approach appears to be most suitable for further research, where
stakeholders are involved in defining the scope and analysis tools.
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Interviews made it apparent that ongoing collaboration efforts between national HTA bodies have been
slow, resulting in incremental change. The same may be expected for how the output of the above-
mentioned interactive analysis approach would be used.

Knowledge diffusion models may be leveraged to promote future research output and enhance its
implementation into practice. One of these models is the Ottawa Model of Healthcare Research Use,
as presented by Logan and Graham (1998). This non-linear framework consists of six elements that
explain the uptake of knowledge by actors: the practice environment (1), potential adopters (2), the
innovation (3), strategies for the transfer of the innovation into practice (4), the evidence adoption (5),
and health-related outcomes (6). It should be noted that these elements are interrelated, reflecting the
complexity of the knowledge transfer process (Logan and Graham, 1998).

While applying this framework to formulate implementation strategies is considered out-of-scope, it
does display the need for knowledge transfer and translation strategies (element 4) in the studied
context.

Knowledge transfer strategies Transfer of knowledge (i.e. technical information or best practice) is
generally aided through easily understandable tools (Formoso et al., 2022).

While an HTA in itself can be considered a tool for knowledge transfer (Battista, 1996), tools like the
EUnetHTA Core Model® (EUnetHTA, 2015) may be particularly valuable in transferring codified knowl-
edge (Newell et al., 2020). This emphasises that international collaborations and initiatives may play a
key role in facilitating such alignments and the corresponding knowledge transfer (Pichler et al., 2019;
Wang et al., 2018). They may also play a pivotal role in developing EU guidelines that capture the
outcomes of such alignment efforts.

Inter-organisational knowledge transfer and knowledge sharing may also lead organisational learning
(Lane and Lubatkin, 1998). This could help national HTA bodies agree on the knowledge involved in
achieving alignment on assessment elements and evidence requirements.

However, organisational learning capabilities may differ substantially between national HTA bodies.
From the seminal work by Grant (1996), the learning capabilities of an organisation is understood to
relate to the characteristics of the recipient and donor organisations, as well as the nature of knowl-
edge and the inter-organisational dynamics (Easterby-Smith et al., 2008). Given that considerable
differences in resources and existing knowledge are available to HTA bodies (Kalo et al., 2016), their
absorptive capacity may differ considerably (Newell et al., 2020). This point was also raised by inter-
viewee 12, who noted that “if you look at smaller countries, they will not have the expertise”.

These differences may cause friction, as the perceptions of the outcomes relative to the required input
may differ per HTA jurisdiction. Moreover, such differences may affect the priority that national HTA
bodies give to international knowledge-sharing initiatives. This, in turn, could impede the proposed
collaboration (Gray, 1985).

Transferability to national HTA bodies Similarly, the attitudes of national HTA bodies towards align-
ment efforts may be driven by the extent to which the joint clinical assessment outcome is compatible
with their existing appraisal frameworks. Low compatibility may alter the beliefs of an HTA body on
the benefits of joint assessments, thereby impeding inter-organisational collaboration (e.g. alignment)
efforts with other actors (Gray, 1985).

Some HTA bodies may be able to innovate their HTA process to make it compatible with future joint as-
sessment outcomes. Others, however, may be less suitable for process innovation due to the variability
mentioned above in resources and existing knowledge among HTA bodies.

Converting implications into actionable insights
Following the aspects described above, achieving inter-organisational alignment may prove complex.
The following aspects may be taken into account in further research and defining strategies to achieve
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inter-organisational alignment:

* An interactive analysis approach appears most suitable for further research. However, adoption
of this research output may be slow, owing to varying cultural, political and economic contexts of
the national HTA bodies. Therefore, knowledge diffusion models may be leveraged to formulate
strategies for increased adoption.

» Knowledge transfer and sharing are an essential aspect of organisational learning and should be
stimulated through appropriate tools

» Organisational learning and incentive for HTA process innovation may vary per accessibility to
resources, existing knowledge and compatibility with existing frameworks. Such differences and
their effect on collaboration should be considered in formulating alignment strategies.

Gene therapy manufacturers should account for differences in RWD/RWE usage
by HTA bodies in their market access strategy

While the previous sections discussed the presented findings from an inter-organisational (multi- HTA
body) perspective, this section aims to interpret the findings from the perspective of a gene therapy
manufacturer. These insights will be relevant in answering the final sub-question (What are the impli-
cations of RWD/RWE usage by HTA bodies for gene therapy manufacturers?)

Manufacturers should acknowledge varying methodological strictness of HTA bodies when sub-
mitting RWD/RWE in gene therapy HTAs

The presented work RWD/RWE reports varying acceptance rates between HTA bodies. Gene therapy
manufacturers should consider these differences when submitting evidence for gene therapy HTAs
to minimise inefficiencies. Inefficiencies in this context comprise submitting evidence that, based on
retrospective analyses, has a high likelihood of being negatively appraised.

To this point, the presented research provides relevant insights:

» From the retrospective analysis, RWD/RWE was found to have the lowest acceptance rate if it
supports evidence on an external comparator. Based on exclusion rationales in the use cases,
manufacturers should be critical towards the data they submit, i.e. does it provide information to
substantiate its relevance and is the data set extensive. Especially for G-BA, this appears to be
a confounding factor

+ RWD/RWE supporting the effectiveness of the intervention is relatively often accepted by both
NICE and G-BA. This makes sense, given that there may not be alternative data available to pro-
vide this evidence. Manufacturers should expand conversations with HTA bodies to understand
when RWD/RWE sources are considered ‘rich’ (sufficient data available) to increase the accep-
tance rates further. Similarly, manufacturers should be critical to the appropriateness of the RWE
study design (e.g., methods used in line with regulatory standards and current practices).

Manufacturers should be actively involved in shaping future joint clinical assessments of gene
therapies

While the points mentioned above highlight the need for critical reflection of manufacturers on the
RWD/RWE that they submit, this reflection should ideally be guided by conversations with HTA bod-
ies. As discussed in previous sections, prescriptive guidelines would be a key enabler for RWD/RWE
uptake. This would drive a more mature RWD/RWE field with an increased understanding of its ad-
vantages and disadvantages in specific contexts.

The call for guidelines becomes increasingly essential with the prospective joint clinical assessments
of gene therapies. While many aspects are still unknown, a higher administrative burden for manufac-
turers may be lying in wait. Based on the established conceptual network, a burden may be mitigated
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by EU-wide prescriptive guidelines and inter-organisational alignment on both the assessment frame-
work and evidentiary requirements. As such, gene therapy manufacturers need to take an increasingly
active role in the innovation system by participating in such conversations and facilitating enabling ini-
tiatives (Edquist, 2011). Future research could explain such an innovation system to understand better
how innovation and knowledge sharing can be optimised.

6.2. Discussion of research limitations

The limitations of this study can be categorised as relating to the research design or the reliability and
validity of the presented data and analyses.

Research design

HTA reports published by two HTA bodies were included in the retrospective analysis, one of which
(NICE) is not part of the EU. Therefore, the scope of this comparison may give a limited view, and the
results may not be representative of the other EU member states. Moreover, in the retrospective anal-
ysis, only gene therapy HTAs were considered, while the context in which the findings were interpreted
comprised EU-wide legislation, not specific for gene therapies. Therefore, the generalisability of the
derived implications for the EU joint clinical assessment legislation may also be limited.

Another limitation relates to the definition of RWD/RWE and the categorisation of the areas supported
in the retrospective analysis. In literature, the varying definition of RWD (and consequently RWE)
is well-recognised (Makady et al., 2017a). The results should be interpreted with this in mind, as it
may change with a different RWD/RWE definition. To minimise such potential misalignments, broadly
accepted definitions of RWD/RWE were adopted in this research (IMI GetReal, 2016).

The categorisation of areas supported was done following the PICO framework with subcategories
defined following IQVIA internal research (2021). While the categories are backed by literature, they
may be somewhat subjective. Similarly, the setting in which the research was performed may not be
generalisable. While an academic institution led the research, the researcher benefited from IQVIA
internal expertise. Procedures such as the categorisation of data may therefore not be representative
of the academic context but rather the commercial context.

Finally, the theories and frameworks utilised for interpreting the results of sub-questions 4 and 5 were
not derived through a systematic literature review. Due to time constraints, such a literature review
was considered out of scope. Future research may explicate whether better applicable frameworks
are available in the literature. Future works should also build on the presented work and apply the
framework that is deemed most suitable to formulate implementation strategies in the context of inno-
vation systems.

Reliability and validity of data

Data for the retrospective, a comparative analysis was extracted by a single researcher. As such,
data may have been missed, or interpretation of data may have resulted in the wrong categorisation of
RWD/RWE usage. Similar works mitigated similar uncertainties by calculating an inter-rater reliability
(Vreman et al., 2019; Makady et al., 2018). However, due to the absence of a second researcher,
this metric could not be established in the presented research. An alternative approach to data vali-
dation was therefore used, where three data sources were combined to (1) derive the completeness
of extracted data using the algorithm derived and (2) interpretation of identified RWD/RWE appraisals
(Appendix AG). By triangulating the data, higher confidence in the results is obtained (Sekaran and
Bougie, 2016).

Another limitation relates to the data collected through semi-structured interviews. The limited sample
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size and background of interviewees may not represent the studied context, which may reduce the
generalisability of the performed research.

Moreover, qualitative data analysis of the interviews is prone to the researcher’s subjectivity. Since
one researcher performed the research, the interjudge reliability could not be established (Kassarjian,
1977). Therefore, the reliability of the assigned quotations, codes, and categories remains unknown.

6.3. Discussion of contributions

Scientific contributions

The potential of RWD/RWE in gene therapy HTAs have increasingly been recognised and embraced
by HTA bodies. However, the existing body of literature fails to deliver empirical evidence on the extent
to which RWD/RWE is used or its role in gene therapy HTAs.

By addressing the identified knowledge gap, the presented research makes multiple scientific contri-
butions:

» From the literature review, two relevant scarcities in literature became apparent. The number of
works that deliver empirical evidence on HTAs of ATMPs is scarce. Similarly, works that deliver
empirical evidence on RWD/RWE usage in HTAs were equally scarce. The presented empirical
evidence adds to the current knowledge base in two ways; it provides empirical evidence on
HTAs of gene therapies (1) and RWD/RWE usage in gene therapy HTAs (2). Consequently, this
research contributes to the existing knowledge base in a third way: to the best of the author’s
knowledge, no other work reports on a combination of these two aspects

+ In addition to the above, the presented research utilised a novel approach for the retrospective
analysis. Whereas previous works (i.e. Makady et al. (2018) and Lee et al. (2021)) used a data
extraction form, this work combined data from different sources, including a search algorithm,
which, to the best of the author’s knowledge, has not been applied in this context in literature.
Moreover, the presented research used interviews to validate findings from the retrospective anal-
ysis, while the works as mentioned earlier did not

» The presented work also contributes to the existing literature on joint clinical assessments. Allen
et al. (2017) note that “in order to move forward to a more harmonised HTA environment within
Europe, it is first necessary to understand the variation in HTA practices within Europe”. The re-
search, therefore, contributes to an increased understanding of the variation in HTA practices. In
doing so, the work delivers insights for future joint clinical assessments from a novel perspective;
whereas published works (i.e. Kisser et al. (2021) and Vreman et al. (2020)) do deliver empirical
evidence and propose the need for alignment, none of them substantiates this need from the
presented perspective (e.g. differences in RWD/RWE usage in gene therapy HTAs by different
HTA bodies)

« Finally, the findings in this work were interpreted using theories of knowledge management and
knowledge diffusion. Similarly, the work proposes different theories and frameworks, which may
serve to interpret the generated insights for joint clinical assessments in future research.

Managerial contributions

According to Pochopien et al. (2021) improving HTA methods “will be driven by academics and not
HTA agencies, as the latter tend to be conservative, asking for increasingly large volumes of evidence,
without an appetite for innovative methodology”. By building on the above-mentioned scientific contri-
butions, this work contributes twofold to the managerial aspects of driving HTA process innovation.

» While the observed difference in methodological strictness and implied need for alignment in joint
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clinical assessments has already been covered in literature (Kisser et al., 2021; Vreman et al.,
2020), the generated insights provide nuance that other works do not. To this point, the work
proposes that, based on differences in RWD/RWE usage, aspects of the PICO framework may
be more difficult to align on. More specifically, while the comparator aspect presents the most
considerable barrier to alignment, alignment on patient characteristics is not considered a barrier
due to the small patient populations that gene therapies target.

These nuances may aid a more targeted strategy development to optimise transferability of the
European joint clinical assessments outcome to national HTA bodies. To this point, enabling
knowledge management practices were highlighted (i.e. the need for implementation strategies
and the need for knowledge transfer and organisational learning, as well as the notion that future
alignment strategies should take differences in existing knowledge and available resources of
HTA bodies into account for better collaboration)

« The second managerial contribution of this work is that it offers insights for gene therapy man-
ufacturers on differences in RWD/RWE usage by HTA bodies. Although it appeared from the
interviews that industry experts have a sense of the recent developments, empirical evidence,
as presented here, is lacking. Based on exclusion rationales of RWD/RWE, this work proposes
that when manufacturers consider submitting RWD/RWE, they should be critical towards the data
that they submit (i.e. does it provide information to substantiate its relevance and is the data set
extensive) and the appropriateness of the RWE study design (e.g. are methods used in line with
regulatory standards and current practices). To guide such reflections and prevent the potential
additional administrative burden from joint clinical assessments, the work proposes that manu-
facturers should take an increasingly active role in the innovation system.

Societal contributions

Gene therapies have the unprecedented potential to target the underlying cause of genetic conditions
and potentially prevent, treat or cure genetic conditions and hereditary diseases in the future. Increased
patient access to such innovations is therefore considered of societal relevance.

While HTAs are one of the three essential domains for the adoption of innovative technologies (Gardner
and Webster, 2016), established HTA frameworks may no longer suffice. Given the prospect of an
increasing number of cell & gene therapies seeking market access in the coming years, tailoring HTAs
to gene therapies is becoming more urgent.

Joint clinical assessments of these technologies may present opportunities to allow for faster and more
uniform assessments, as well as improved patient access to innovative health technologies (European
Commission, 2021; Kanavos et al., 2019). These insights from this research may contribute to a better
understanding of what would be needed to optimise the transferability of the European joint clinical
assessments to national HTA bodies. By optimising this process, EU-wide patient access to these
curative therapies may be increased in the future.



Conclusions

This chapter provides conclusions to the research questions stated in chapter 1, as well as recommen-
dations for future research. Subsequently, the link to the researcher’s study programme will conclude
this chapter.

7.1. Conclusions

This study aimed to identify feasibility challenges for EU-wide gene therapy joint clinical assessments,
based on the current and future role that real-world data and real-world evidence play in HTA outcomes.
A critical literature review laid the foundation for further research, including a retrospective, comparative
analysis of gene therapy HTAs published by G-BA and NICE between December 2015 and November
2021. Interviews with industry experts and academics validated initial findings and explored potential
implications for the recently approved joint clinical assessment legislation.

To answer the guiding research question: “What are the implications of RWD/RWE usage by HTA
bodies for achieving alignment in future joint clinical assessments of gene therapies?”, the output of
five sub-questions was combined. These questions will be answered separately below.

Sub-question 1: How are gene therapies currently assessed in HTAs?

The appraisal process of gene therapies appears to be similar to that of other therapy types. Most chal-
lenges and considerations in gene therapy HTAs are not unique, and HTA bodies have no frameworks
or payments schemes tailored explicitly to gene therapies. However, this may change in the following
years due to increased attention and experience.

Based on the existing literature, the key challenges associated with gene therapies mainly relate to
the uncertainty regarding long-term safety and -effects and cost-effectiveness. While these challenges
may not be unique to gene therapies, appraising the curative potential of these therapies appears to
trouble existing HTA frameworks.

Such difficulties could not be derived from the nineteen gene therapy HTA reports retrieved for G-BA and
NICE. However, both agencies acknowledged the lack of long-term data in their appraisals. While both
adopted novel payment schemes to mitigate evidentiary uncertainties, such methods are not unique to
gene therapies. Similarly, while special considerations like orphan disease were often found to apply
in gene therapy HTAs, they are also not unique to this therapy type. However, the influence that such
special considerations’ influence on the HTA process differs between HTA bodies.

Sub-question 2a: What role do RWD/RWE play in the HTA appraisal process of
gene therapies?

While RWD/RWE mainly play a supportive role in gene therapy HTAs, acceptance rates and areas
supported differ between G-BA and NICE.

In line with the HTA archetypes of NICE and G-BA, the RWD/RWE was found to support different areas
in the respective gene therapy HTAs. However, from the higher total volume of RWD/RWE usage and
the higher acceptance rate of RWD/RWE by NICE, NICE is more amenable to RWD/RWE. As such,
RWD/RWE mainly serves to support areas in the HTAs (e.g. patient population, the national history
of the disease and informing the comparative effectiveness), but the extent varies per HTA body. This
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difference may, in part, be attributed to the NICE methodology, which inherently allows for more RWD
usage due to the increased number of assumptions when compared to the G-BA framework.

Sub-question 2b: How has RWD/RWE usage in gene therapy HTAs evolved?

While RWD/RWE has gained traction among the HTA community, the uptake in practice appears to
be lagging. From the retrospective analysis and use-cases, no clear trend was visible for the volume
of RWD/RWE usage over time for both G-BA and NICE. The same was true for areas supported and
acceptance rates. Therefore, it remains unclear how RWD/RWE usage has evolved, but no increased
uptake was observed contrary to the increased interest.

Sub-question 3a: What factors impact RWD/RWE usage in gene therapy HTA
appraisals

In line with the earlier observation that most challenges encountered in gene therapy HTAs are not
unique, the RWD/RWE usage was not found to differ for gene therapy HTAs.

The main methodological factors impeding widespread RWD/RWE adoption include confounding bias,
lacking randomisation and a lack of transparency. Moreover, the lack of (prescriptive) guidance was a
considerable barrier to uptake. Enablers included technological advancements of clinical systems and
techniques and international initiatives and collaborations.

Sub-question 3b: What are steps to be taken to extend RWD/RWE usage in HTA
appraisals of gene therapies?

Steps to increase RWD/RWE uptake mainly relate to the impeding factors. Based on literature and
interview input, the following steps were proposed:

» Foster and expand ongoing initiatives and inter-organisational collaborations (i.e. EUnetHTA,
GetReal Institute) to facilitate knowledge transfer and knowledge sharing (i.e. on best practices
on RWD/RWE usage) between HTA bodies and other relevant stakeholders

» The output of these collaborations should be ideally be formalised in two ways: Establish guide-
lines for HTA bodies themselves on how to interpret the increasingly complex RWD/RWE (1), and
HTA bodies should be issuing prescriptive guidance for gene therapy manufacturers on require-
ments of RWD/RWE sources (2). Regulatory agencies and HTA bodies have started mandating
continued (real-world) evidence development through registries. Expanding and integrating such
regulations will extend the RWD/RWE usage and uptake in HTAs

* Finally, within the EU efforts to introduce standardisation of data collection, data control infrastruc-
ture should be expanded to ensure high-quality data, which would facilitate increased adoption
of RWD/RWE

Sub-question 4: What are the implications of RWD/RWE usage by HTA bodies
for their alignment in the assessment of gene therapies?

Based on the RWD/RWE usage by G-BA and NICE, a substantial barrier in alignment may arise from the
comparative aspect in HTAs. Given the varying appropriateness of external comparators in the context
of the local standard of care, it is expected that an RWD/RWE source on a particular comparator may
be considered relevant in one country but not in another.

The number of opposing RWD/RWE appraisals was limited compared to the number of similarly ap-
praised RWD/RWE sources. Following the PICO (e.g. patient population, intervention, comparator
and outcome) framework, most similarly appraised sources supported the comparator aspect and the
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outcome of the PICO framework. Unlike the comparator aspect, HTA agencies did not consider a
substantial amount of additional unique RWD/RWE sources for the outcome. This is somewhat en-
couraging for potential alignment on the outcome aspect.

Sub-question 5: What are the implications of RWD/RWE usage by HTA bodies
for gene therapy manufacturers?

The retrospective analysis shows that RWD/RWE has the lowest likelihood of acceptance if it was sub-
mitted to support evidence on an external comparator. On the other hand, RWD/RWE supporting the
effectiveness of the intervention was found to be relatively often accepted by both NICE and G-BA.
Gene therapy manufacturers may consider these differences when submitting RWD/RWE in HTAs.
To increase the likelihood of acceptance, this research proposes that gene therapy manufacturers
should be critical towards the RWD/RWE that they submit (i.e. does it provide information to substan-
tiate its relevance and is the data set extensive) and towards the appropriateness of the RWE study
design (e.g. are methods used in line with regulatory standards and current practices).

To further increase the acceptance rates, manufacturers should expand conversations with HTA bodies
to understand better when RWD/RWE sources are considered ‘rich’ (sufficient data available). Based
on the established conceptual network, a burden may be mitigated by EU-wide prescriptive guidelines
and inter-organisational alignment on both the assessment framework and evidentiary requirements.
Knowledge sharing and knowledge transferring appear key in establishing these. As such, gene ther-
apy manufacturers should continue and expand collaboration in inter-organisational initiatives.

Research question: What are the implications of RWD/RWE usage by HTA bod-
ies for achieving alignment in future joint clinical assessments of gene thera-
pies?

The presented retrospective comparative analysis unveiled differences in RWD/RWE usage in gene
therapy HTAs. Substantial variations in how HTA bodies assess the added benefit of a new health tech-
nology may pose feasibility challenges to joint clinical assessments. In this context, inter-organisational
alignment on the comparator aspect of the future joint clinical assessments will be a crucial challenge.
Moreover, alignment on the evidentiary requirements is deemed necessary to optimise transferability
of the joint clinical assessment outcome to national HTAs.

Achieving alignment in a multi-stakeholder environment may be challenging, especially considering
the observed methodological differences between HTA bodies. Moreover, differences in available re-
sources and existing knowledge result in differences in absorptive capacity among HTA bodies.

Such differences should be considered in future alignment strategies, as they may impede collabo-
ration efforts. This is important because international collaborations and initiatives play a key role in
facilitating alignments and the corresponding knowledge transfer. The existing collaborations should
be leveraged, and new initiatives stimulated to facilitate joint clinical assessments of gene therapies.

7.2. Future research

Based on the presented research’s scope, results, and limitations, several opportunities for future re-
search were identified.

» Due to time constraints, the scope was limited to gene therapy HTA reports published by G-BA
and NICE. To increase the generalisability, the scope should include other HTA bodies, such as
the French HTA body Haute Autorité de Santé or the Dutch Zorginstituut Nederland

+ Data for the retrospective, a single researcher extracted a comparative analysis. As such, data
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may have been missed, or interpretation of data may have resulted in the wrong categorisation
of RWD/RWE usage. Therefore, it is highly recommended that another researcher repeat the
research so that inter-rater reliability can be established

+ Similar to the previous point, the qualitative data analysis of the interviews is prone to the re-
searcher’s subjectivity. It is recommended that a second researcher reviews the transcripts and
assigns codes and categories to establish the interjudge reliability

» While semi-structured interviews served to validate the findings presented in this research, the
limited sample size of interviewees and their background may not represent the studied con-
text. Therefore, it is recommended to validate the findings in interviews with experts from various
backgrounds, including HTA bodies

« Finally, future research could build on the insights presented in this work. To this end, several
‘stepping stones’ were provided. An interactive analysis approach is suggested for further re-
search, where stakeholders are involved in defining the scope and analysis tools. Moreover,
future research could apply theoretical frameworks to formulate future implementation strategies.
Finally, future research could explicate the innovation system for joint clinical assessments to
understand better how innovation and knowledge sharing can be optimised in this context.

7.3. Reflection

In the early stages of this research, | spent a substantial amount of time getting familiar with the the-
sis topic and scoping the research. The methodological differences between HTA bodies and how
HTA outcomes fit differently in their national healthcare systems, was somewhat overwhelming at first.
Nonetheless, | think it is essential to understand and appreciate these differences, especially in the
context of the recently approved joint clinical assessment legislation. Many aspects of how this con-
cept will be turned into reality remain to be seen. Yet, the observed differences in RWD/RWE usage
appear indicative of fundamental differences between HTA bodies.

From this research, it appears that alignment on evidentiary requirements will, at least to a certain
extent, be needed to achieve transferability of joint clinical assessment outcomes to national HTA bod-
ies. This would imply an increased alignment on the appraisal of RWD/RWE, which may prove to be
difficult. | think that in formulating ways forward, varying methodological strictness and amenability to
RWD/RWE by HTA bodies should be taken into account. It appears that this kind of evidence is in-
evitably going to play an increasing role in gene therapy HTAs and we should prevent a situation where
national HTA bodies do not accept a joint assessment outcome because they do not agree with the
evidence submitted. This could maintain a disparity of access for patients to these types of products,
while harmonisation of HTA bodies should serve to achieve the opposite.

Recently, many developments in HTAs have been going on, with HTA bodies adjusting their frameworks
and increasingly recognising the potential and acknowledging the limitations of RWD/RWE. This is a
good start, but there is a long road ahead to reach the potential of joint assessments and achieve
a sustainable pricing model for countries to provide sustainable patient access to curative therapies.
Knowledge transfer and knowledge sharing initiatives will play a key role through academia, industry
and policy-makers in the innovation system. | hope that presented research offers relevant insights to
potentially contribute to this purpose.

7.4. Link to Management of Technology

According to TU Delft (2019), a thesis submitted for the study programme of ‘'Management of Technol-
ogy’, should reflect that “graduates learn to explore and understand how firms can use technology to
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design and develop products and services that contribute to improving outcomes, such as customer
satisfaction, corporate productivity, profitability and competitiveness.”

In this thesis, HTAs are considered an essential aspect of enabling access to and facilitating the adop-
tion of innovative health technologies. Indeed, HTAs allow for the transfer of knowledge derived from
scientific research to the decision making process (Battista, 1996). Moreover, methodological differ-
ences between HTA bodies should be mitigated to optimise the transferability of a joint clinical assess-
ment of gene therapies. Alignment involves managing knowledge processes in an EU-wide multi HTA
body environment, linking the research to the Management of Technology study programme. Finally,
the findings were interpreted from the perspective of gene therapy manufacturers to derive insights for
improving the acceptance RWD/RWE in future gene therapy HTA submissions.

Relevant courses from the curriculum included ’Inter- and intra-organisational decision making’ (MOT1452)
and ’Leadership and Technology Management’ (MOT1524) for formulating the implication of the re-
search. The courses 'Research Methods’ (MOT2312) 'Master Thesis Preparation’ (MOT2004) provided
the opportunity to learn relevant methodologies and best practices in conducting research.
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A

Literature review process

Status quo of curative therapy HTAs

Table A1.1. Overview of search queries for literature review.

Search Engine Domain Query Hits

Used

Track 1: status quo of curative therapy HTAs

Scopus TITLE-ABS-KEY (( "health technology assessment*” OR 38
HTA) AND ( "Gene therap*” OR GTMP))

Scopus TITLE-ABS-KEY (( "health technology assessment™ OR HTA 86
OR "Market Access”) AND ( "Cell and gene
therap*” OR CGT OR "Cell therap*” OR
"Gene therap*” OR ATMP OR ”"Advanced
Therapy Medicinal Product™” ))

PubMed® All (( "health technology assessment®”” OR HTA 108
OR "Market Access”) AND ( "Cell and gene
therap*” OR CGT OR "Cell therap*” OR
"Gene therap*” OR ATMP OR ”"Advanced
Therapy Medicinal Product* ))

No

Yes

Yes

Track 2: explicating real-world evidence usage in HTAs

Scopus TITLE-ABS-KEY (("health technology assessment®” OR HTA 6
OR "Market Access”) AND ( "Cell and gene
therap*” OR CGT OR "Cell therap*” OR
"Gene therap®” OR ATMP OR "Advanced
Therapy Medicinal Product*” ) AND ( "real
world evidence” OR "RWE” OR "real world
data” OR "rwd”))

Scopus TITLE-ABS-KEY (("health technology assessment®” OR HTA 144
OR "Market access”) AND ( "real world
evidence” OR "RWE” OR "real world data”
OR "rwd”))

Scopus TITLE-ABS (("health technology assessment*” OR HTA 110
OR "Market access”) AND ( "real world
evidence” OR "RWE” OR ’real world data”
OR "rwd"))

No

No

Yes

continues on next page
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PubMed®

PubMed®

Scopus

All

Title-Abs

TITLE-ABS-KEY

(("health technology assessment®” OR HTA 295
OR "Market access”) AND ( "real world

evidence” OR "RWE” OR "real world data”

OR "rwd”))

(("health technology assessment*” 122
[Title/Abstract] OR HTA[Title/Abstract]) AND

("real world evidence” [Title/Abstract] OR

"RWE” [Title/Abstract] OR "real world data”
[Title/Abstract] OR "rwd”[Title/Abstract] ))

(( "health technology assessment™” OR hta 25
OR "Market Access”) AND ("Cell and gene
therap™ OR cgt OR "Cell therap* OR
"Gene therap*” OR atmp OR "Advanced
Therapy Medicinal Product*”) AND("real
world evidence” OR "RWE” OR "real world
data” OR "rwd” OR "cluster RCT” OR
cohort* OR "common comparator” OR
cross-sectional OR database* OR
“extenstion stud*” OR "hospital data” OR
indirect OR "insurance claim” OR kaplan OR
"meta-analys*” OR "non-randomised” OR
"observational stud*” OR "patient-power*”
OR ”patient-report*” OR pharmacoviligance
OR "pragmatic RCT” OR "prescription data”
OR ”propensity score” OR "prospective
stud*” OR proxy OR "electronic health
record*” OR registr* OR “retrospective
stud*” OR ”social media” OR "supplement*®
to RCT” OR "Health survey” OR
"uncontrolled stud*” OR ”vignette stud*”))

No

Yes

No




AL

Interview protocol

Introduction

All interviewees signed an informed consent form prior to the interview.

Interviewer

I'd like to thank you for willing to participate in this interview as part of my master thesis. First | will introduce myself,
the research and the objective of today’s interview.

1. Introduction researcher & study: [...] Currently, | am writing my thesis on RWD/RWE usage in gene
therapy HTA reports, specifically looking at Germany (G-BA) and England (NICE).
The purpose of this research study is to deliver empirical evidence on how health technology assessment
bodies embrace real-world data in the appraisal of gene therapy medicinal products. Moreover, this study
aims to identify potential challenges in aligning these agencies in a joint clinical assessment.

2. Goal of the interview: Interviews serve to validate initial findings and explore additional considerations that
may not have been captured in the performed analyses.

3. Confidentiality: Your name will be kept confidential. Findings from this discussion will be collated with other
respondents and presented in the final research in aggregated or anonymous form.
During the course of this interview, you will not be requested to share information that you are not allowed
to share. Please let me know if a question requires you to reveal confidential information.

4. Time duration: The interview will take you approximately 45 - 60 minutes to complete.

5. Other: Your participation in this study is entirely voluntary and you can withdraw at any time. You are free to
omit any question. If any questions (or other questions) arise at any point during the interview, please feel
free to ask them.

If you consent, this interview will be recorded and transcribed for note taking purposes. Is that okay with you?
If yes: start recording
If no: proceed without recording

RWD is henceforth defined as an umbrella term for data collected outside the setting of randomised controlled
trials (IMI GetReal, 2016). RWE is hereafter defined as the evidence derived from the analysis and/or synthesis
of RWD (IMI GetReal, 2016).

Interviewee

1. Could you briefly describe your experience with gene therapy HTAs, RWD/RWE usage and/or alignment of
HTA bodies in joint clinical assessments?

Gene therapy HTAs
Objective: The goal of this section is to understand the current practices in gene therapy HTAs, including challenges
encountered and specific considerations applied in their appraisal.
1. What are key considerations in the rationales of gene therapy HTA appraisals?
Probe: orphan designation, burden of iliness, end of life

2. Based on literature, it appears that long-term uncertainty, lack of long-term data on efficacy & safety and
uncertainty in cost-effectiveness are key methodological challenges associated with gene therapy HTAs
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» How do different HTA bodies (specifically looking at NICE and G-BA) mitigate these challenges?
Probe: discounts, outcome-based agreements, temporary decisions, continued evidence develop-
ment agreements

The role of real-world evidence in gene therapy HTAs

Objective: The goal of this section is to understand the role that RWD/RWE plays and could play in gene therapy
HTAs

1. To what extent would you say that RWD/RWE could mitigate the earlier identified methodological challenges
encountered in appraising gene therapies?

2. How would you say that the role of RWD/RWE in this context has evolved and will evolve over time?

3. Specifically looking at G-BA and NICE, what would you say are key differences in their RWD/RWE usage?
Probe: areas supported, acceptance rates

(a) How would you say that these differences impact their appraisal of RWD/RWE in gene therapy HTAs?
Probe: areas supported, acceptance rates

Factors impacting real-world evidence usage

1. What are key barriers impeding RWD/RWE uptake, implementation and utilisation in gene therapy HTAs?
Probe: lack of alignment on definition, lack of guidance, methodological challenges (i.e. confounding bias,
lacking randomisation, lacking transparency)

2. What would you say are key enablers for increased RWD/RWE usage in gene therapy HTAs?
Probe: Data collection standardisation, alignment of stakeholders on definition and added value

3. How would you say that these barriers and enablers differ for NICE and G-BA?

Exploratory: alignment of HTAs in the context of joint clinical as-
sessments

1. What factors and considerations would be relevant in aligning gene therapy HTA outcomes by G-BA and
NICE?
2. The European committee recently introduced legislation that enables EU-wide HTA assessments.
» What opportunities and challenges do you foresee in these joint clinical assessments?
* What are key implications of such legislation in the context of gene therapy HTAs?
* What are key implications of such legislation in the context of RWD/RWE usage?

3. What other opportunities do you see for national and international collaborations in (gene therapy) HTAs in
the next three years?

(a) What would some strategies to facilitate these collaborations?

Other

1. Are there other things that we have not covered, but are relevant to consider in the discussed context?

Thank you for your participation.
Would you like to receive a link to my thesis, once it has been submitted?

If applicable: end recording
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Algorithm modified from open-source code (Stack Overflow, 2017).

Search algorithm

#import required packages
import os
import pandas as pd

import re

#load HTA report text file

with (open (os.path.expanduser (”~/Desktop/HTAs/GBA M4 Imlygic.txt”),

encoding="utf8”, errors='ignore'))

text = f.read()

as f:

#define and load excel sheet with pre-defined HTA keywords to search for

df keywords = pd.read excel ('HTA keywords.xlsx',

join keywords = df keywords.values.

tolist ()

key words = [''.Jjoin(ele) for ele in join keywords]

#define search

def search (target, text, context=100):

words = re.findall (r'\w+', text)
matches = (i for (i,w) in enumerate (words)
output = []

for index in matches:
if index < context //2:

output.append (words [0:context+1])

elif index > len(words) - context//2

sheet name=3)

if target in w.lower())

1:

output.append (words[- (context+1) :])

else:

output.append (words[index - context//2:index + context//2 + 11])

return output

df = pd.DataFrame (columns=["keywords”,

for keywords in key words:
words = search (keywords, text,
for w in words:

w = ”.join (w)

df = df.append({”keywords”:

"words”])

context=100)

keywords,

"words” :

#export text extracts that contain key words to Excel

print (df)
df.to_excel ("HTA output.xlsx”)

w},

ignore index=True)

73



RWD/RWE terminology

Table A4.1. RWD/RWE terminology- English. List used for NICE reports, RWD: Real-world data. RWE: Real-world evidence.

RWD/ Type Source Keyword for algorithm

RWE

RWD Administrative databases Makady et al. (2017a) Database

RWD Claims database Makady et al. (2017a) Claims | Database

RWD Clinicial database Makady et al. (2017a) Database

RWD Health surveys Makady et al. (2017a) Survey

RWD Healthcare databases RWE Navigator (2021b) Database | Record

including health records

RWD Hospital data Makady et al. (2017a) Hospital

RWD Insurance claims IQVIA internal expertise Insurance | Claim
(2021)

RWD Patient / Physician IQVIA internal expertise Interview

interviews (2021)

RWD Patient reported outcome Makady et al. (2017a) Patient-reported

RWD Patient registries RWE Navigator (2021b) Registr

RWD Pharmacoviligance data IQVIA internal expertise Pharmacoviligance
(2021)

RWD Pharmacy and health RWE Navigator (2021b) Database | Insurance

insurance databases

RWD Prescriptipn data IQVIA internal expertise Prescription
(2021)

RWD Post-marketing studies Makady et al. (2017a) Post-marketing

RWD Social media RWE Navigator (2021b) Social

RWD Real-world data IMI GetReal (2016) Real-world

RWE Case-control RWE Navigator (2021a) Case

RWE Case report RWE Navigator (2021a) Case

RWE Case series RWE Navigator (2021a) Case

RWE Cohort study RWE Navigator (2021a) Cohort

RWE Cohort multiple RCT RWE Navigator (2021a) Cohort

(cmRCT)
RWE Comprehensive cohort RWE Navigator (2021a) Cohort
study
RWE Cluster RCT RWE Navigator (2021a) Cluster

continues on next page
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RWE
RWE

RWE

RWE

RWE

RWE

RWE

RWE

RWE

RWE

RWE

RWE
RWE

RWE
RWE

RWE

Cross-sectional

Extension study

Experimental vignette
studies

Indirect treatment
comparison

National history study

Non-interventional study

Non-randomised
controlled trial

Meta-analysis

Observational study

Observational;
prospective cohort study

Observational;
retrospective cohort study

Pragmatic RCT

Prospective outcomes
study

Real-world evidence

Retrospective chart
review

Uncontrolled studies

RWE Navigator (2021a)

IQVIA internal expertise
(2021)

IQVIA internal expertise
(2021)

IQVIA internal expertise
(2021)

IQVIA internal expertise
(2021)

IQVIA internal expertise
(2021)

RWE Navigator (2021a)

IQVIA internal expertise
(2021)

IQVIA internal expertise
(2021)

FDA (2019a)

FDA (2019a)

RWE Navigator (2021a)

IQVIA internal expertise
(2021)

IMI GetReal (2016)

IQVIA internal expertise
(2021)

IQVIA internal expertise
(2021)

Cross-sectional

Extension

Vignette

Indirect

Natural

Non-interventional

Non- randomised

Meta-analys

Observational

Prospective

Retrospective

Pragmatic

Prospective

Real-world

Retrospective | Chart
review

Uncontrolled

Table A4.2. RWD/RWE terminology- German. List used for G-BA reports, RWD: Real-world data. RWE: Real-world evidence.

RWD/ Type Source Keyword for algorithm

RWE

RWD Alltagsbedingungen Schubert and Vogelmann Alltags
(2019)

RWD Assoziationsbeobachtungen Schubert and Vogelmann Beobachtung
(2019)

RWD Datenbank IQVIA internal expertise Datenbank
(2021)

RWD Einzelfallberichte Schubert and Vogelmann Einzelfall
(2019)

continues on next page
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RWD Elektronische Schubert and Vogelmann Patientenakten
Patientenakten (EHR) (2019)
RWD Extensionsphase IQVIA internal expertise Extension
(2021)
RWD Extensionsprotkolls IQVIA internal expertise Extension
(2021)
RWD Fallzahlen IQVIA internal expertise Fallzahl
(2021)
RWD Krankenkassendaten Schubert and Vogelmann Krankenkassendaten
(2019)
RWD Patientenregister Schubert and Vogelmann Patientenregister
(2019)
RWD Primare prospektive IQVIA internal expertise Prospektiv
Datenerhebung (2021)
RWD Real-world Daten Schubert and Vogelmann Real
(2019)
RWD Realen IQVIA internal expertise Real
Versorgungssituation (2021)
RWD Registerdaten Schubert and Vogelmann Register
(2019)
RWD Routinedaten Schubert and Vogelmann Routinedaten
(2019)
RWD Verlaufsbeobachtungen Verlaufsbeobachtungen
RWE Beobachtungsstudien Schubert and Vogelmann Beobachtung
(2019)
RWE Clusterrandomisierte IQVIA internal expertise Clusterrandomisiert
Studien (2021)
RWE Fall-Kontrollstudien Schubert and Vogelmann Fall-Kontrollstudien
(2019)
RWE Fallserie Schubert and Vogelmann Fallserie
(2019)
RWE Historisch kontrollierte IQVIA internal expertise Historisch kontrollierte
Studien (2021)
RWE Kohortenstudien Schubert and Vogelmann Kohorten
(2019)
RWE Nicht-vergleichenden IQVIA internal expertise Nicht-vergleichenden
studien (2021)
RWE Nicht-randomisierte IQVIA internal expertise Nicht-randomisierte
studie (2021)
RWE Pragmatische Schubert and Vogelmann Pragmatisch
randomisierte Studie (2019)
RWE Prospektive Studien Schubert and Vogelmann Prospektiv

(2019)

continues on next page
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RWE

RWE

RWE

RWE

RWE

RWE

RWE

Qualitativen studien

Quasirandomisierten
studien

Querschnittsstudie

Retrospektive studien

Studien unter
alltagsbedingungen

Unkontrollierten
Verlangerungsstudie

Vorher-Nachher Design

IQVIA internal expertise
(2021)

Schubert and Vogelmann
(2019)

Schubert and Vogelmann
(2019)

Schubert and Vogelmann
(2019)

IQVIA internal expertise
(2021)

IQVIA internal expertise
(2021)

Schubert and Vogelmann
(2019)

Qualitative

Quasirandomisiert

Querschnitt

Retrospektiv

alltag

Unkontrolliert

Vorher-Nachher




AO

Data extraction form

Modified from Makady et al. (2018) and Lee et al. (2021), categorisation of areas supported by RWE according to
IQVIA internal expertise.

Part 1 - General information of the HTA report
* HTA body & title of HTA report
 Date of publication

* Indication

Part 2 - Characteristics of RWD/RWE
« Is real-world data / real-world evidence included in the HTA report
- No
- Yes
If yes, continue to the next items
« Title of RWD/RWE
» Types of RWD/RWE, choose from table below:

Table A5.1. RWD/RWE categories in data extraction form. Not exhaustive. Derived from IQVIA internal research
(2021. RWD: Real-world data. RWE: Real-world evidence.)

RWD /RWE Category Type
RWD Patient registry data Disease / condition registries
Product registry
Healthcare data electronic patient/health/ medical record
Adminstrative data Prescriptions

Hospital data

Health insurance claims/ records
Social media data patient-powered research networks (PPRNs)
Electronic source data mobile device-generated data

mobile health (mHealth)

passive sensor devices

mobile apps

patient-generated data

wearables
Post-authorisation data  pharmacovigilance

pharmacoepidemiology

Surveys patient surveys / interviews
Surveys physician surveys / interviews
RWE Experimental Pragmatic trial

continues on next page
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Observational

Post-authorisation

Population enrichment trial

Cohort multiple trial

Comprehensive cohort study

Cluster trial

Non-randomised controlled trial

Large simple trials

Experimental vignette study
Retrospective cohort study

Prospective cohort study

Case-control study

Cross-sectional study

Case series / interrupted time-series / before-and-after study
Chart review studies

Observational vignette study
Post-authorisation safety study (PASS)
Post-authorisation efficacy study (PAES)
Periodic safety update reports (PSUR)

Part 3 - Areas supported by RWD/RWE

+ What area was supported by the use of RWD/RWE, choose from table below:

Table A5.2. Areas supported categorisation in data extraction form. Follwing the PICO framework, derived from IQVIA
internal research (2021).

PICO category

Area supported

Definition

Population

Burden of iliness

Epidemiology

Patient characteristics

Treatment pathway

RWD was used to describe the burden of iliness (e.g., disease
mortality, risk factors, impact on HRQoL, unmet need) of the
population (the indication and/or subgroups) being reviewed in
the HTA.

RWD was used to estimate the size of the population (the
indication and/or subgroups), i.e. prevalence and incidence,
being reviewed in the HTA. Typically this data is used to
establish the budget impact of the new treatment, and/or to claim
special considerations such as rare disease.

RWD was used to describe the population in terms of distribution
by age, gender, ethnicity, socio-economic factors, co-morbidities
and other factors treated locally in usual practice to demonstrate
that the clinical trial represents the real-world patient populations.

RWD was used to describe the current treatment pathway, e.g.,
to provide information what % of patients receive what treatment
in the current treatment pathway either to support what products
are part of current standard of care or what products these
patients may receive either prior to and after the indication under
review (i.e. under prior and subsequent therapies in real-world
practice)

Intervention

Compliance, adherence,
persistence - intervention

RWD was used to provide evidence on the compliance,
adherence or persistence of the product being assessed in the
HTA

continues on next page
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Treatment satisfaction

RWD was used to provide evidence on the treatment satisfaction
or patient preference of the product being assessed in the HTA

Comparator

Appropriate comparator

Compliance, adherence,

persistence - comparator

External comparator

RWD was used to demonstrate that the trial comparator is part of
current standard of care in the country of the HTAB and hence
should be accepted as an appropriate comparator.

RWD was used to provide evidence on the compliance,
adherence or persistence of (one of) the comparator(s) included
in HTA submission

RWD on external comparator (also referred to as external
control, historical control or synthetic control) was used to assess
clinical benefit and safety (e.g., in cases where the pivotal study
is a single-arm trial, or where in case where no link could be
established with RCT to do an ITC)

Outcomes
(clinical)

Outcomes
(PRO)

Effectiveness - comparator

Effectiveness - intervention

Extrapolation of OS -
comparator

Extrapolation of OS -
intervention

Extrapolation of PFS -
comparator

Extrapolation of PFS -
intervention

Safety - comparator

Safety - intervention

Validation of surrogate
endpoints

QoL- comparator

RWD was used to provide evidence on the effectiveness of the
comparator(s) included in the HTA

RWD was used to provide evidence on the effectiveness of the
product being assessed in the HTA

RWD was used to extrapolate (or validate the extrapolation) of
the effectiveness in terms of overall survival (OS) of the
comparator product beyond the trial duration to estimate its
long-term effectiveness (e.g., data used to model the natural
history of the disease)

RWD was used to extrapolate (or validate the extrapolation) of
the effectiveness in terms of overall survival (OS) of the new
product beyond the trial duration to estimate its long-term
effectiveness.

RWD was used to extrapolate (or validate the extrapolation) of
the effectiveness in terms of PFS or other xFS endpoints (e.g.,
MFS, DFS, EFS, RFS) of the comparator product beyond the
trial duration to estimate its long-term effectiveness (e.g., data
used to model the natural history of the disease)

RWD was used to extrapolate (or validate the extrapolation) of
the effectiveness in terms of PFS or other xFS endpoints (e.g.,
MFS, DFS, EFS, RFS) of the new product beyond the trial
duration to estimate its long-term effectiveness

RWD was used to provide evidence on the safety of the
comparator(s) included in the HTA

RWD was used to provide evidence on the safety of the product
being assessed in the HTA

Trial outcomes may represent physiological parameters, such as
tumour response, blood haemoglobin level or lung function,
which are not considered to be patient-relevant. However, these
may serve as surrogate endpoints (proxies) for effectiveness
outcomes of relevance to HTA, but the relationship between the
surrogate and ‘final’ endpoint needs to be demonstrated
quantitatively. RWD was used to validate the surrogate endpoint
use in the trial (e.g., PFS) to hard endpoints (e.g., OS)

RWD was used to provide evidence on the impact of the
comparator(s) being assessed in the HTA on patient's QOL (e.g.,
EQ-5D or other PRO data collected through RWD). Note RWD to
describe the general impact of the disease on QoL is captured
under burden of illness.

continues on next page
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QoL- intervention RWD was used to provide evidence on the impact of the product
being assessed in the HTA on patient’s QOL (e.g., EQ-5D or
other PRO data collected through RWD). Note RWD to describe
the general impact of the disease on QoL is captured under
burden of illness.

Outcomes Costs RWD was used to collect information on health care costs or cost

(economic) savings (e.g., cost of treating complications, cost of
transplantation, cost of dialysis, cost of stay in ICU etc) used in
the economic model

Dis-utilities RWD was used to collect information on disutilities used in the
economic model associated with a specific event (e.g.,
complications or adverse events)

Health-state transition RWD was used to collect information on health-state transition
probabilities probabilities used in the economic model
Resource utilisation RWD was used to collect information on health care resource

utilisation (e.g., average length of stay in hospital for the specific
indication) used in the economic model

Utility RWD was used to collect information on health state utilities
used in the economic model

Part 4 - Final appraisal

* What was the impact of the RWD/RWE for decision-making?

— Accepted, statement identifying a positive opinion on the role of data derived from RWD/RWE or
statement on inclusion of the RWD/RWE source

— Not accepted, statement identifying a negative opinion on the role of data derived from RWD/RWE or
statement on exclusion of the RWD/RWE source

— Not identified, no statement identified regarding the role or inclusion/exclusion of RWD/RWE
+ What was the final recommendation of the dossier for effectiveness?

— Positive or added benefit

— Equal benefit or added benefit not proven

— Negative or lesser benefit
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Validation of data extraction methodology

To derive the completeness of extracted data using the algorithm, the output was compared to the HTA Accelerator
data (Table A6.1).

Table A6.1. Search algorithm validation with HTA Accelerator data. v: found using algorithm. X: not found using algorithm.
n/a: not applicable. HTA: Health technology assessment. RWD: Real-world data. RWE: Real-world evidence.

Therapy HTA RWD/RWE output HTA Accelerator Found using
Body algorithm
) G-BA No information provided n/a
Imlygic®
NICE “RWE was used as supporting evidence” but n/a

no further information was provided

Strimvelis® NICE “RWE was used as supporting evidence” but v
no further information was provided

G-BA SCHOLAR-1: a retrospective cohort study to v
support external comparator; Eyre, 2016; a
retrospective cohort study to support external
comparator

Kymriah®- DLBCL

NICE “RWE was used as supporting evidence” but n/a
no further information was provided

G-BA CIBMTR registry: patient disease registry to v
support effectiveness; MT103-205: a
prospective cohort stody to inform
effectiveness; Hijiya et al., 2001: an
observational study to inform effectiveness;
PEDICAR: a prospective cohort to support
effectiveness; CTL019B2001X: a prospective
cohort to support effectiveness

Kymriah®- ALL

NICE “RWE was used as supporting evidence” but n/a
no further information was provided

v a® G-BA “RWE was used as supporting evidence” but n/a
escarta no further information was provided
NICE “RWE was used as supporting evidence” but n/a
no further information was provided
Luxt ® G-BA No information provided n/a
uxturna
NICE “RWE was used as supporting evidence” but n/a

no further information was provided

continues on next page
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G-BA
NICE

Zynteglo®

No information provided

UK chart review: a retrospective chart review
to support utility

n/a

G-BA
NICE

Zolgensma®

No information provided

Thompson et al., 2017: a cross-sectional
study to support utility

n/a

G-BA
Tecartus®

NICE

SCHOLAR-2: a retrospective cohort study to
support external comparator; Eyre 2019: a
retrospective cohort study to support external
comparator; Jain 2018: an observational
study to support external comparator; Martin
2016: a retrospective cohort study to support
external comparator; McCulloch 2020: a
retrospective cohort study to support external
comparator; Epperla 2017: a retrospective
cohort study to support external comparator;
Wang 2017: an observational study to
support external comparator;

McCulloch et al., 2020: a retrospective cohort
study to support external comparator

G-BA
NICE

OTL-200/ Libmeldy®

No information provided

Mahmood et al., 2010: a retrospective cohort
study to support burden of iliness

n/a

For three indications (Imlygic®, Yescarta®and Zolgensma®), data from the search algorithm was compared to the
data extracted from reading the HTA reports for the use cases (Table A6.2).

Table A6.2. Search algorithm validation with data used with data extraction form. n/a: not applicable. DEF: Data extraction
form. HTA: Health technology assessment. RWD: Real-world data. RWE: Real-world evidence.

Therapy HTA Algorithm DEF

Body
Accepted Not Not Accepted Not Not
accepted identified accepted identified
) G-BA 0 0
Imlygic®

NICE 1 1
G-BA 1 12 1 1 13 1

Yescarta®
NICE 3 0 1 4 0 5
G-BA 2 2 5

Zolgensma®

NICE 7 12 8 7 12 16

A similar approach was used to validate the interpretation of identified RWD/RWE appraisals from use cases
with the HTA Accelerator (Table A6.3). Here, the HTA Accelerator data was considered the ‘golden standard’, as
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experts have interpreted the reports with more knowledge than the researcher.

Table A6.3. Use case appraisal validation with HTA Accelerator data. cmark: found using algorithm. X: not found using
algorithm. n/a: not applicable. Green: Accepted. Red: not accepted. HTA: Health technology assessment. RWD: Real-world

data. RWE: Real-world evidence.

Therapy HTA RWD/RWE source & appraisal from HTA In line with use
Body Accelerator case
) G-BA No information provided n/a
Imlygic®
NICE “‘RWE was used as supporting evidence” but n/a
no further information was provided
G-BA “RWE was used as supporting evidence” but n/a
Yescarta® . . .
no further information was provided
NICE “RWE was used as supporting evidence” but n/a
no further information was provided
G-BA No information provided n/a
Zolgensma®
NICE Thompson et al., 2017 v




RWD/RWE usage by NICE & G-BA

A7.1. Characterising RWD/RWE usage

G-BA

M1%

n =386 n =66

Experimental Observational

I Non-randomized [l Retrospective cohortstudy [lll Observational vignette study Chart review study [ll Case series
centrolled trial Ml Prospective cohortstudy [l Cross-sectional study Case-control study

Figure A7.1. RWE usage by NICE and G-BA. RWE: Real-world evidence.

G-BA

n =56 n=7
Surveys Patientregistry data Administrative data Healthcaredata
M Interview/ survey - patients Il Discaseregistries [l Claims database Prescriptiondata il Electronic
Il Interview/ survey - physicians I Hospital data medical records

Figure A7.2. RWD usage by NICE and G-BA. RWD: Real-world data.
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A7.2. Areas supported by RWD/RWE

Table A7.1. Comparison of areas supported by RWD/RWE in G-BA and NICE gene therapy HTAs. *Only applicable for
RWD/RWE usage of NICE Libmeldy and Zynteglo. OS: Overall survival. PFS: Progression free survival. QoL: Quality of life.

Area Germany (G-BA) England (NICE)
supported

Accepted Not Not Total Accepted Not Not Other* Total

accepted identified accepted identified

Burden of 0 0 7 7 1 1 13 9 24
illness
Epidemiology 0 1 1 1 2
Patient 0 4 4 0 2 5
characteristics
Treatment 0 0 0 0 0 0 2 0 2
pathway
External 1 30 3 34 7 11 9 4 31
comparator
Effectiveness 2 0 0 2 1 0 1 0 2
- comparator
Effectiveness 12 6 0 18 13 3 0 7 23
- intervention
Extrapolation 0 0 0 0 3 0 1 0 4
of OS -
comparator
Extrapolation 0 0 0 0 1 3 1 0 5
of OS -
intervention
Extrapolation 0 0 0 0 0 0 0 1 1
of PFS -
comparator
Safety - 0 0 0 0 0 0 1 0 1
comparator
Safety - 3 2 0 5 2 1 1 2 6
intervention
Validation of 0 0 2 2 0 0 0 0 0
surrogate
endpoints
QoL - 0 1 0 1 0 5 0 0 5
comparator
QoL - 0 0 0 0 0 0 1 0 1
intervention
Costs 0 0 1 0 1
Disutility 0 0 1 0 0
Health 0 0 0 0 0
resource
transition
probability
Resource 0 0 0 0 0 2 8 2 12
utilisation
Utility 0 0 0 0 5 0 3 6 14
Total 18 39 17 74 35 27 56 39 157
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Table A7.2. Overlapping and unique RWD/RWE sources per area supported. Excluding Strimvelis. OS: Overall survival.
PFS: Progression free survival. QoL: Quality of life. RWD: Real-world data. RWE: Real-world evidence.

Area supported Overlapping RWD/RWE sources G-BA unique NICE unique

Burden of iliness 1 19

-
o

4
Epidemiology 4 1 0
Patient characteristics 2
Treatment pathway 1
External comparator 16

Effectiveness - comparator 2

N
N
A~ O

Effectiveness - intervention
Extrapolation of OS - comparator
Extrapolation of OS - intervention
Extrapolation of PFS - comparator
Safety - intervention

Validation of surrogate endpoints
QoL - comparator

QoL - intervention

Costs

Disutility

Health resource transition probability
Resource utilisation

Utility

O O O O O O O N O O o o d O = O
= AW W o O MO O AW -

O O O O O ~ ~ O o0 o N W
w N

Total 95

(&)
—_—
N
N
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RWD/RWE usage in illustrative use cases

A8.1. Imlygic®

Table A8.1. Imlygic RWD/RWE usage G-BA HTA report. RWD: Real-world data. RWE: Real-world evidence.

RWD/RWE source  RWD/RWE type Area supported Rationale for inclusion/exclusion

Table A8.2. Imlygic RWD/RWE usage NICE HTA report. Rationales directly derived from NICE (2016). RWD: Real-world data. RWE: Real-world evidence.

RWD/RWE source RWD/RWE type Area supported Rationale for inclusion/exclusion

AJCC registry Disease registry Extrapolation of OS - intervention “The committee concluded that, because of the lack of
suitable effectiveness inputs in the economic model, it had not
been presented with a plausible incremental
cost-effectiveness ratio (ICER) for talimogene laherparepvec
compared with ipilimumab.”

Mortality data from life tables Hospital data Extrapolation of OS - intervention “The committee concluded that, because of the lack of
suitable effectiveness inputs in the economic model, it had not
been presented with a plausible incremental
cost-effectiveness ratio (ICER) for talimogene laherparepvec
compared with ipilimumab.”

Mols et al., 2010 Interview/ survey - patients Disutility Not identified
. i . Costs Not identified

Linker, 2013 Electronic medical records
Resource utilisation Not identified

MELODY Retrospective cohort study Resource utilisation Not identified




A8.2. Yescarta®

Table A8.3. Yescarta RWD/RWE usage G-BA HTA report.Rationales derived from Gemeinsamer Bundesausschuss (2016). RWD: Real-world data. RWE: Real-world evidence.

RWD/RWE source

RWD/RWE type

Area supported

Rationale for inclusion/exclusion

Aurer et al., 2002

Eyre et al,, 2016

Pan et al., 2002

Armand et al., 2008

Avivi et al., 2014

Bacher et al., 2012

Fenske et al., 2016

Ghobadi et al., 2015

Heinzelmann et al., 2018

Lazarus et al., 2010

Retrospective cohort study

Interview/ survey - physician

Retrospective cohort study

Retrospective cohort study

Retrospective cohort study

Retrospective cohort study

Retrospective cohort study

Retrospective cohort study

Retrospective cohort study

Retrospective cohort study

External comparator

External comparator

External comparator

External comparator

External comparator

External comparator

External comparator

External comparator

External comparator

External comparator

Partly include only subpopulations from the identified studies,
for which, however, no information on patient characteristics
is available, therefore an assessment of comparability with
the patients of the ZUMA-1 study is not possible.

Relevant differences of the patient characteristics in
comparison to the ZUMA-1 study (e.g. with regard to the age
of the patients) were found

Only sub-populations were selected for indirect comparison.
No patient characteristics are available for these specifically
selected sub-populations; comparability with the ZUMA-1
study can therefore not be assessed.

Information on relevant patient characteristics of the
specifically selected comparison populations is equally
missing
The comparability of the patient populations is not given, for
example because of significant differences in the age of the
patients

Partly include only subpopulations from the identified studies,
for which, however, no information on patient characteristics
is available, therefore an assessment of comparability with
the patients of the ZUMA-1 study is not possible.

Partly include only subpopulations from the identified studies,
for which, however, no information on patient characteristics
is available, therefore an assessment of comparability with
the patients of the ZUMA-1 study is not possible.

The comparability of the patient populations is not given, for
example because of significant differences in the age of the
patients

Partly include only subpopulations from the identified studies,
for which, however, no information on patient characteristics
is available, therefore an assessment of comparability with
the patients of the ZUMA-1 study is not possible.

The comparability of the patient populations is not given, for
example because of significant differences in the age of the
patients

continues on next page
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Rigacci et al., 2012

van Kampen et al., 2011

Zentrum fiir Krebsregisterdaten (ZfKD)

SCHOLAR-1

NCI 09-C-0082

Retrospective cohort study

Retrospective cohort study

Disease registry

Retrospective cohort study

Non-randomised controlled trial

External comparator

External comparator

Epidemiology

External comparator

Effectiveness - intervention

The comparability of the patient populations is not given, for
example because of significant differences in the age of the
patients

The comparability of the patient populations is not given, for
example because of significant differences in the age of the
patients

Not identified

Despite the uncertainties and possible differences between
the patient populations, the present indirect historical
comparison with the SCHOLAR-1 study is considered
sufficiently valid for the assessment of the extent of the
additional benefit, taking into account the inconclusively
assessable prognostic significance of the ECOG status, the
IPI value, and the disease stage for the further course of
therapy in the present treatment situation as well as the
advanced, predominantly deterministic disease state of the
patient population examined here.

The NCI 09-C-0082 supportive study is an open, single-arm
phase | dose-finding study. In the study, the manufacturing
process of Axi-Cel was varied, and various doses of
lymphocyte-depleting chemotherapy, most of which do not
conform to regulatory requirements, were investigated. The
study is therefore not used for the benefit assessment.

Table A8.4. Yescarta RWD/RWE usage NICE HTA report. Rationales directly derived from NICE (2019). RWD: Real-world data. RWE: Real-world evidence.

RWD/RWE source

RWD/RWE type

Area supported

Rationale for inclusion/exclusion

RWE cohort from an Hospital database

Eyre et al., 2016
SCHOLAR-1

Maurer et al., 2014
Nagle et al., 2013
Kansara et al., 2014

Hospital data

Interview/ survey - physician

Retrospective cohort study

Retrospective cohort study
Disease registry
Hospital data

External comparator

Treatment pathway

Effectiveness - comparator

Health state transition probability
Treatment pathway
Burden of iliness

The committee acknowledged that survival outcomes were
very similar using the CORAL and SCHOLAR-1 cohorts. It
noted the limited data in the small Oxford audit dataset and
agreed not to consider it further.

Not identified

The committee agreed that there were limitations to all of the
potential data sources for the comparator arm but that using
patient-level data from the updated adjustments to the
SCHOLAR-1 data was most appropriate.

Not identified
Not identified
Not identified

continues on next page
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Kochenderfer et al., 2017 | NCI 09-C-0082

Non-randomised controlled trial

Effectiveness - intervention

Not identified
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A8.3. Zolgensma®

Table A8.5. Zolgensma RWD/RWE usage G-BA HTA report.*: For orphan drugs, according to the G-BA's Regulation, it is to be taken into account that the information on the the extent of the

additional benefit must be based on the marketing authorization and the studies that justifying the approval. Rationales derived from Gemeinsamer Bundesausschuss (2021)

RWD/RWE source

RWD/RWE type

Area supported

Rationale for inclusion/exclusion

LT-001

LT-002

Gregoretti et al., 2013
NeuroNext
PNCR
CL-101, START

CL-102 STRONG
NCT01839656 (CS3A)
Bach et al., 2002
SHINE (CS11)
Pane et al., 2018
Swoboda et al., 2005
De Sanctis et al., 2016

Prospective cohort study

Prospective cohort study

Chart review study
Prospective cohort study
Hospital data
Non-randomised controlled trial

Non-randomised controlled trial
Non-randomised controlled trial
Retrospective cohort study
Non-randomised controlled trial
Retrospective cohort study
Prospective cohort study

Retrospective cohort study

Safety - intervention

Effectiveness - intervention

Safety - intervention

Effectiveness - intervention

Burden of iliness
External comparator
External comparator

Effectiveness - intervention

Effectiveness - intervention
Effectiveness - comparator
Patient characteristics
Effectiveness - comparator
Burden of iliness
Burden of illness

External comparator

Data from the LT-001 study was submitted with the marketing
authorization application in October 2018 and is therefore part
of the basis for the approval of Onasemnogen-Abeparvovec*.

Data from the LT-001 study was submitted with the marketing
authorization application in October 2018 and is therefore part
of the basis for the approval of Onasemnogen-Abeparvovec.

Ongoing study, no data available and no data included in
regulatory submission.

Ongoing study, no data available and no data included in
regulatory submission.

Not identified
Not identified
Not identified

The observed results from the ongoing study program are
overall in good good agreement with the results of the
completed studies CL-303 and CL101, on the basis of which
substantial additional benefit can be inferred.

SMA type 2, intrathecal use (off-label).
Divergent intervention.

Not identified

Divergent intervention.

Not identified

Not identified

Not identified
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Table A8.6. Zolgensma RWD/RWE usage NICE HTA report.Rationales directly derived from NICE (2021d). RWD: Real-world data. RWE: Real-world evidence.

RWD/RWE source

RWD/RWE type

Area supported

Rationale for inclusion/exclusion

LT-001

LT-002

NeuroNext

Gregoretti et al., 2013

PNCR
Prescription cost analysis
Strauss et al., 2018

Zerres et al., 1997
Kissel et al., 2001

Prospective cohort study

Prospective cohort study

Prospective cohort study

Chart review study

Hospital data
Prescription data
Prospective cohort study

Retrospective cohort study

Prospective cohort study

Safety - intervention

Effectiveness - intervention

Safety - intervention

Effectiveness - intervention

External comparator

Extrapolation of OS - comparator

Extrapolation of OS - comparator

External comparator
Resource utilisation
QoL- comparator

Extrapolation of OS - intervention

QoL- comparator

The committee concluded that, compared with best
supportive care, there are substantial clinical benefits with
onasemnogene abeparvovec for people with type 1 SMA.
However, it pointed out that, because follow up was short in
START and STR1VE-US, the expected long-term outcomes
remain uncertain.

The committee concluded that, compared with best
supportive care, there are substantial clinical benefits with
onasemnogene abeparvovec for people with type 1 SMA.
However, it pointed out that, because follow up was short in
START and STR1VE-US, the expected long-term outcomes
remain uncertain.

Ongoing study, no data available and no data included in
regulatory submission.

Ongoing study, no data available and no data included in
regulatory submission.

The committee concluded that NeuroNext was the most
appropriate source to estimate outcomes for best supportive
car.

The committee concluded that NeuroNext was the most
appropriate source to estimate outcomes for best supportive
care.

The ERG and committee considered that the company’s
approach to estimating long-term outcomes was appropriate,
but that there was a lack of long-term data to inform these
assumptions.

Not identified

Not identified

Excluded from cost-effectiveness analysis as HRQoL is not
reported by motor function status or SMA type, but by SMN2
copy number only.

Not identified

Excluded from cost-effectiveness analysis as Did not include
all health states (included SMA type 3 patients, aged 3—-17

years) and used PedsQL, which would require use of
mapping that is associated with methodological limitations.

continues on next page
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Klug et al., 2016

Lopez-Bastida et al., 2017

Zuluaga et al., 2017

Thompson et al., 2017

Lloyd et al., 2017

Tilford et al., 2005
RESTORE registry

Bladen et al., 2014
De Sanctis et al., 2016
SMA UK Patient and Caregiver survey
UK HCRU Survey
UK life table data
Noyes et al., 2006
Alanizi et al., 2018

Nusinersen UK early access programme
(EAP)

Bach et al., 2002
NCT01839656 (CS3A)
SHINE (CS11)

Cross-sectional study

Cross-sectional study

Observational vignette study

Observational vignette study

Observational vignette study

Interview/ survey - patients

Disease registry

Disease registry
Retrospective cohort study
Interview/ survey - patients

Interview/ survey - physician
Hospital data
Interview/ survey - patients
Retrospective cohort study
Hospital data

Retrospective cohort study
Non-randomised controlled trial
Non-randomised controlled trial

Resource utilisation

Resource utilisation

QoL- comparator

Utility

Utility

Disutility
Effectiveness - intervention

Health state transition probability
External comparator
Costs Not identified

Costs

Health state transition probability

Resource utilisation
Burden of iliness
Costs

Patient characteristics
QoL - intervention
Effectiveness - comparator

Excluded from cost-effectiveness analysis as the study used
PedsQL, which would require use of mapping that is
associated with methodological limitations.

Excluded from cost-effectiveness analysis as it was deemed
more appropriate to use the UK parent-proxy cohort only

Excluded from cost-effectiveness analysis as the study is a
duplicate; used method reported in Lloyd et al., 2017

"Included in scenario analyses that used various alternative
health-state utility sources. The committee considered that
there was uncertainty around the health-state utilities used in
the model and that they had major effect on estimates of cost
effectiveness. However, it concluded that they appeared to be
the most appropriate to use in decision making.”

“Included in scenario analyses that used various alternative
health-state utility sources. The committe considered that
there was uncertainty around the health-state utilities used in
the model and that they had major effect on estimates of cost
effectiveness. However, it concluded that they appeared to be
the most appropriate to use in decision making.”

Not identified

"RESTORE is a prospective, long-term registry initiated by
AveXis, of patients who have been diagnosed with SMA.. The
current data available from the registry are limited to **
patients and outcome data presented in the CS appendix
were limited to survival data reporting ************ gre still alive
as of 31 January 2020 data cut. The ERG does not discuss
these data further as data are not available for other
outcomes of relevance to the NICE decision problem.”

Not identified

Not identified

Not identified
Not identified
Not identified
Not identified
Not identified

Not identified
Not identified
Not identified

continues on next page
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Swoboda et al., 2005
CL-102 STRONG

CL-101, START

Prospective cohort study
Non-randomised controlled trial

Non-randomised controlled trial

Burden of illness
Effectiveness - intervention

Effectiveness - intervention

Not identified

Onasemnogene abeparvovec was administered via
intrathecal administration, which is not relevant to the NICE
decision problem and thus this study is not discussed further.

Therefore, the committee considered that the results from the
START and STR1VE-US were generalisable to people with
type 1 SMA with up to 3 copies of SMN2 gene. However, it
recognised that no evidence was presented for babies with
type 1 SMA who were older than 6 months at treatment
administration and this was a key limitation.
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