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The rapid expansion of the gene therapy pipeline in recent
years offers significant potential to treat diseases with great un-
met medical need. However, the unique nature of these thera-
pies poses challenges to regulating them within traditional
frameworks, even when developing in a single country. Various
factors exacerbate the issues in commercializing products
across regions, including the lack of established regulatory
frameworks for developing gene therapy products in many ju-
risdictions. While some countries have established separate
regulatory frameworks for advanced therapies/regenerative
medicine products, differences exist between them. Recom-
mended solutions to overcome these hurdles include fostering
convergence among countries with separate regulatory frame-
works for these products and utilizing reliance and recognition
for countries without such frameworks. Additionally, regula-
tors who choose to establish new dedicated frameworks for
regulating gene therapies should consider the inclusion of
key elements such as expedited regulatory pathways that offer
early engagement with regulators, innovative clinical trial
design, and adequate post-market confirmatory studies.
Increasing the alignment of regulatory pathways across coun-
tries will be crucial to facilitating the development of, and ac-
cess to, gene therapies on a global scale.
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INTRODUCTION
Gene therapy holds the extraordinary potential to transform global
health care. As a result, the gene therapy pipeline has grown tremen-
dously. There are currently more than 1,800 active and recruiting in-
terventional gene and cell therapy trials globally.1 Furthermore, by
2030 more than 60 US approvals of cell and gene therapy products
are projected, with more than 500,000 patients anticipated to be
treated with gene therapies.2 This anticipated growth is expected to
address significant gaps in healthcare globally, and, as such, advances
in regulatory infrastructure are critical to continued innovation in the
field to increase regulatory certainty and to address health needs.

Scientific and regulatory barriers to gene therapy development exist in
many countries, limiting expansion into global markets. To reduce
barriers to access, regulatory frameworks that are not unduly burden-
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some need to be established that support predictability, efficiency, and
flexibility. Such frameworks will lay the foundation for ensuring pa-
tient safety and facilitating expeditious development for these com-
plex and innovative products.

In recent years, the American Society of Gene and Cell Therapy
(ASGCT) has led efforts to increase dialog across key stakeholders
regarding the evolving regulatory framework for gene therapies and
the advances necessary to foster continued development. This article
summarizes key global regulatory challenges to the development of
gene therapies and provides recommendations for solutions to over-
come them.
GLOBAL REGULATORY CHALLENGES POSED BY
THE CURRENT MODELS
Uniqueness in the development of gene therapy products

The ASGCT defines gene therapy as the introduction, removal, or
change in DNA or RNA in the cells of a patient to treat a specific dis-
ease.3 For the purpose of this article, however, the term gene therapy
will refer to the subset of in vivo and ex vivo therapies that are in-
tended as single administration therapies with durable results. The
curative potential and the opportunities to have a dramatic, long-last-
ing positive impact on a patient’s health affect several aspects of the
clinical development plan of these products.

Many challenges in the development and commercialization of these
complex products have been discussed in depth in the literature.4–10

Specifically, among the challenges developers face in establishing
quality, safety, and efficacy data necessary to support a favorable
benefit/risk profile are correct dose estimation, the development of
manufacturing processes and associated quality standards, invasive
routes of administration, small patient populations for rare disease
applications, and a potential lack of established clinical endpoints.
In addition, gene therapies have varied potential and some
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theoretical, long-term risks, such as immunogenicity and tumorige-
nicity, as well as a potential for loss of expression over time. Critical
quality attributes (CQAs) are not well established for many gene ther-
apy products, and demonstrating a link to clinical outcomes is often
difficult. Furthermore, expedited clinical and regulatory pathways to
submission and approval put pressure on chemistry, manufacturing,
and controls (CMC) timelines.11

Capacity constraints in manufacturing, the high cost of goods, long
lead times, and significant upfront investment requirements have a
substantial impact on development, especially for products utilizing
viral vectors. Available production capacity for viral vectors has been
limited by the increase in the number of therapies being developed
and the expanding sizes of target populations.12 The limited capacity
of existing good manufacturing practice (GMP) facilities results in
long wait times for clinical trial material and increased cost of goods.

A comparative study of the regulatory submissions for advanced ther-
apy medicinal products (ATMPs) with those for other biologics found
that ATMP developers need to comply with more post-approval
commitments, which can be a challenge to market performance.6

Furthermore, several non-regulatory issues affect gene therapy access
post-approval related to the health technology assessment in some re-
gions, valuation, and payment policies that are beyond the scope of
this article. These topics have been discussed elsewhere in the
literature.6,7,13,14

Regulatory differences between countries with separate

regulatory frameworks for advanced therapies/regenerative

medicine products

In addition to the overall challenges in developing gene therapies,
development across countries presents further issues. Different ap-
proaches have been developed that largely reflect national or regional
priorities and needs, even in socially, economically, and legally similar
countries.15

To support the evaluation and regulation of gene therapy products,
regulators globally either stretch the boundaries of their existing me-
dicinal product regulations or design and implement new regulations.
Most countries belong to the first group and do not have regulations
specific to gene therapy. Instead, regulation for gene therapy products
typically captures them as a subset of products under existing legisla-
tion. Regulators experienced with gene therapies, however, have
adopted requirements and practices that are unique to the develop-
ment of these products.5,16,17 For example, both the European Med-
icines Agency (EMA) and the US Food and Drug Administration
(FDA) have more than a dozen guidelines or guidance documents
specific to gene therapy products. While these unique guidelines
and practices enable development of gene therapies within a single
country or region, regulatory requirements vary across regions.
From a global perspective, differences between countries or regions
with more advanced regulatory frameworks for gene therapy prod-
ucts pose challenges to sponsors withmultinational development pro-
grams. One reason for the differences between regulatory agencies is
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the lack of common experience between agencies due to the novelty of
these products to the market. At the time this article was written only
five products were approved in multiple regions. The challenges
created by this limited common experience are compounded by the
innovative clinical programs that may be necessary for gene therapy
products, including trial design, endpoints, long-term follow-up, and
CMC. Therefore, product and development complexities result in
sponsor uncertainty regarding regulatory requirements across coun-
tries. For example, it might be challenging for companies to receive
concurrence from regulators in different jurisdictions on a proposed
novel or surrogate endpoint that includes changes to the gene or pro-
tein expression. There are also regional differences in vector-specific
study duration recommendations for long-term follow-up.

Different timelines, documentation requirements, study require-
ments, and regulatory pathways exist across regions as well. For
example, expectations for environmental risk assessments and genet-
ically modified organism applications vary with each member state in
the European Union (EU), resulting in a maze of requirements that
are difficult to navigate.

The expedited pathway options for gene and cell therapy develop-
ment offered by the FDA, EMA, and the Pharmaceuticals and Med-
ical Devices Agency (PMDA) in Japan have some similarities but
differ in many ways. All of these expedited regulatory pathways are
designed to enable efficient development of promising therapies,
but the precise qualifications, restrictions, and benefits vary. The Pri-
ority Medicines (PRIME) scheme in the EU is intended to optimize
development and enable accelerated assessments. The FDA offers
both breakthrough therapy designation (BTD) and the regenerative
medicine advanced therapy (RMAT) designation, which differ
slightly in qualification requirements and benefits conveyed; however,
both provide the opportunity for increased collaboration with the
agency to support development efforts. Japan’s SAKIGAKE designa-
tion allows accelerated approval of breakthrough therapies, including
gene therapies.18 Other regions (e.g., Brazil) are also beginning to
address ways to provide much needed support and incentives for
these innovative products.19,20 The progress to date to enhance access
to mechanisms that can support expedited development is promising.
However, much uncertainty still remains regarding some aspects of
expedited pathways in the countries that utilize them. Increased
clarity and some degree of convergence on certain components,
such as the eligibility criteria for various types of expedited pathways,
could facilitate global development.21

Lack of established regulatory frameworks for developing gene

therapy in many countries

As mentioned previously, most regulators globally repurpose existing
medicinal product policies and frameworks to meet the needs of gene
therapy products.16 Many countries do not have the research and
medical infrastructure necessary for the creation of regulatory frame-
works that would support the timely and efficient introduction of
gene therapies, leaving many patients without access to transforma-
tive treatment. The US, EU, and Japan have made significant
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advances in developing regulatory frameworks for gene therapies.
Other countries, such as Brazil and Canada, have also recently devel-
oped or proposed separate regulatory frameworks for the develop-
ment of gene and cell therapies.19,20,22 Addressing the challenges to
development in countries that are still in need of a regulatory path
will require addressing infrastructural limitations to ultimately allow
patient access to gene therapy in these countries. While this long-term
goal is optimal, whether new frameworks are necessary, as opposed to
leveraging established frameworks in other countries, is a point for
discussion.

Additional challenges to global development

Challenges to gene therapy development in multiple countries also
include sourcing and using quality raw materials to manufacture
gene therapy products. Obtaining quality raw materials may be diffi-
cult due to factors including the need to use human and animal-
derived materials, the biological complexity of the materials, variable
lot-to-lot performance characteristics, and the use of research-use-
only materials restricted from clinical use. Many materials used in
manufacturing gene therapy products are from single sources, with
corresponding challenges in logistics and import and export require-
ments when the raw materials used to manufacture gene therapy
products are sourced outside of the country in which the final drug
product might be used, as they often are. Import and export require-
ments for starting materials, clinical samples, and finished products
can represent barriers to efficient gene therapy development.23

RECOMMENDATIONS TO OVERCOME REGULATORY
CHALLENGES
Foster regulatory convergence among countries with separate

regulatory frameworks

Overcoming the challenges to global development of gene therapies
will involve convergence of regulatory requirements and technical
standards among countries with separate regulatory frameworks.
For this discussion, it is important to highlight the distinction be-
tween “harmonization” and “convergence.” Harmonization is the
development of shared technical guidelines to be utilized across
participating authorities, while convergence involves the alignment
over time of the regulatory requirements across individual countries
or regions as a result of the gradual adoption of internationally recog-
nized technical guidance documents, standards, and scientific
principles.24

Harmonization is typically the long-term goal for regulatory consis-
tency across regions. The International Council for Harmonisation
of Technical Requirements for Pharmaceuticals for Human Use
(ICH) is the predominant organization creating harmonized pharma-
ceutical guidelines. Currently, gene therapy is excluded from most of
the existing ICH guidelines. However, development of a guideline for
gene therapy products was endorsed by the ICH in June 2019, focused
on pre-clinical biodistribution studies for gene therapies.25 Develop-
ment of ICH guidelines involves a slow and meticulous process, and
thus ICH guidelines may not provide near-term help to the wave of
gene therapies that are currently under development.
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Convergence tends to be more rapid and less formal than the ICH
process. One step toward encouraging greater regulatory convergence
is the establishment of international standards in the field of gene
therapy. While voluntary for sponsors to follow, standards provide
guidance that could facilitate greater shared expectations by national
regulatory authorities, especially if widely adopted by gene and cell
therapy product developers. While standards development can also
be a lengthy process, several entities are addressing this need in the
gene and cell therapy space, which may assist in keeping pace with
the rapid developments in the field. Several organizations, including
the Standards Coordinating Body for Gene, Cell, and Regenerative
Medicines and Cell-Based Drug Discovery (SCB), the National Insti-
tute of Standards Technology (NIST) within the US Department of
Commerce, and the US Pharmacopeia (USP), are working to develop
and advance standards to support gene therapy.

The call for action on regulatory convergence is growing stronger.
Fostering global regulatory convergence for cell and gene therapies
has been noted as a priority for FDA’s Center for Biological Evalua-
tion and Research (CBER),26 for the EMA,27 and for the World
Health Organization (WHO).28 FDA CBER’s leadership has identi-
fied pre-clinical study requirements, environmental assessments,
CMC information, and clinical outcomes as appropriate areas for
increased global regulatory convergence.

Build on multi-stakeholder collaboration

Given the importance of streamlining requirements for multinational
gene therapy development programs, ensuring similar regulatory
paths and expectations would serve to incentivize and de-risk devel-
opment. As such, regulators should continue to collaborate with
several stakeholders such as industry, patients, physicians, academi-
cians, and payers, to address common problems. The ASGCT is
providing ongoing opportunities for establishing connections among
multiple stakeholders globally. For example, the Society recently co-
hosted a half-day virtual conference with the Brazilian Society of
Cellular and Gene Therapy on advancing clinical development of
gene therapies in Brazil, which drew academic researchers, industry
attendees, clinicians, and regulators from Brazil.29 Additionally, there
is a need to establish gene and cell therapy-specific public-private
partnerships to support the removal of barriers to the development
of such therapies. The Innovative Medicines Initiative (IMI) in Eu-
rope, a public/private partnership with the goal of removing barriers
to the development of innovative medicines, represents a model of
such a multi-stakeholder collaboration.

Utilize work-sharing, reliance, and recognition

Experienced regions have many guidelines and could serve as a model
for smaller agencies that are currently developing new frameworks.
Efforts to facilitate product development globally can be significantly
supported by leveraging certain regulatory and technical standards
used in experienced regions.

Smaller agencies, however, also have an opportunity to leverage the
work of larger agencies through reliance and work sharing. Work
021
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sharing is a process by which National Regulatory Authorities
(NRAs) of two or more jurisdictions share activities to accomplish
a specific regulatory task, facilitating a more efficient review process.
The WHO is facilitating good reliance practices through its draft
working document on the topic published in August 2020.30 Accord-
ing to the WHO, reliance is the act whereby the NRA in one jurisdic-
tion may take into account and give significant weight to assessments
performed by another NRA or trusted institution, or to any other
authoritative information in reaching its own decision. In some cases,
regulatory input from one jurisdiction could be used as a basis for ac-
tion in another jurisdiction. A notable example is the Mutual Recog-
nition Agreement (MRA) between the US and the EU, which allows
health authority inspectors to rely upon information from inspections
conducted within each other’s borders. The MRA specifically ex-
cludes ATMPs from its scope. We highlight this as a missed opportu-
nity in streamlining gene therapy development. A key recommenda-
tion is that advanced therapies be included under the framework of
the MRA. The COVID-19 global pandemic, which has presented sig-
nificant challenges for global health authority inspections, is a key
example of why incorporating ATMPs in theMRA is critically impor-
tant. Specifically, inclusion of ATMPs in the MRAmay have provided
a mechanism for health authorities to leverage inspections performed
by NRAs given travel restrictions due to the COVID-19 pandemic.

Reliance and work-sharing approaches will facilitate timely access to
safe, effective, and quality-assured medical products, potentially
without the development of complex frameworks and the establish-
ment of a large organization. These approaches may have particular
value for gene therapies for which the new and complex nature of
the products and the development programs will strain the existing
infrastructure of smaller regulatory agencies. For example, approval
of a gene therapy product by the FDA or EMA could form the basis
for approval in other countries, leveraging the dossiers used to sup-
port initial approval. Countries could also partner with more
advanced health authorities up front, with the goal of adopting the
initial decision. To build on this concept, the WHO recently pub-
lished a draft working document, which outlines these principles
and provides an excellent discussion of principles and consider-
ations.31 While many countries may seek to establish new regulatory
frameworks to support gene therapy development, we would recom-
mend a heightened focus on reliance to avoid delays in the introduc-
tion of safe and effective products to market. For regulators that do
choose to create their own dedicated regulatory frameworks for
gene therapies and other innovative products, inclusion of certain el-
ements may facilitate timely development.

RECOMMENDATIONS FOR ELEMENTS TO INCLUDE
IN DEDICATED FRAMEWORKS
Consider developing regulatory mechanisms for accelerated

pathways and early engagement

In the past few years, regulators have been working on several initia-
tives to help developers provide patients with more expedient access
to gene therapy products. Regulatory pathways in different countries
have been adapted to address the need to facilitate and expedite the
Molecul
overall development and review of products that address an unmet
medical need in treating a serious or life-threatening condition. To
enable early access to patients in need of these innovative medicines,
regulators have implemented facilitated pathways. The approach has
often been twofold with the use of either expedited or adaptive
pathways.32

Expedited pathways aim to shorten the development and/or review
timelines for therapies that provide significant advantages over cur-
rent treatments (or are the only treatment option) for serious diseases
in order to get them to patients as expeditiously as possible. Expedited
pathways include designation programs that offer mechanisms such
as increased, earlier communication with regulators to facilitate
streamlined development. Accelerated approval and adaptive
licensing (such as conditional approval) make use of different eviden-
tiary requirements, such as the use of surrogate endpoints and autho-
rization based on nonconfirmatory evidence that needs to be
confirmed after marketing.32,33 Priority review or accelerated assess-
ment programs provide shortened review times for marketing autho-
rization applications. These pathways are critical for ensuring that
gene therapy products are available to patients as quickly as possible.
We recommend appropriate application of these innovative pathways
to ensure expedient development.

Such pathways continue to require evidence of safety and efficacy, in
some cases facilitating examination of that evidence earlier in the
development process. For example, the FDA’s “rolling review” allows
for submission of individual completed modules one at a time rather
than all at once. “Real-time review,” which has been utilized by the
FDA’s Real-Time Oncology Review pilot program, allows regulators
to start the review of a module before the application is complete.34

A consideration for regulators would be to allow for real-time review
of CMC data for marketing authorization applications. Agenciesmight
even consider a model whereby they could start reviewing sections of a
module before themodule is complete and allow for submission of pre-
agreed CMC data during the review of the marketing application.

Allow for innovative clinical trial design

Gene therapies are often developed for rare diseases, and therefore
large trials are not feasible. In addition, gene therapies often demon-
strate early and compelling signals of clinical efficacy resulting in
accelerated development programs. For example, the typical para-
digm of clinical trial requirements is shifting for gene therapies.
Consolidating the phase I, II, and III processes into phase I, phase
II/III, and post-approval trials is becoming common. Given the rapid
advances in this area, as well as the early efficacy data frequently ob-
tained for these products, regulators are, and should be, more open to
entertaining discussions about innovative clinical trial designs. For
example, the FDA issued several guidance documents that address
novel clinical trial designs.35–37

As many gene therapies currently under development target orphan
diseases, the small patient populations may require consideration of
alternative trial designs and statistical techniques that maximize
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data from a small and potentially heterogeneous group of subjects,
such as single-arm study design with historical control.38 Because
gene therapies may demonstrate safety and efficacy in early trial
phases, accelerated approval using novel or surrogate endpoints
may allow more expedient access to patients with serious or life-
threatening conditions, with post-approval confirmation of clinical
benefit based on endpoints that may take years to evaluate. Gene ther-
apies frequently enable a more direct assessment of the treatment ef-
fect on the cause of disease, such as changes in protein levels, so they
may be particularly amenable to assessment with surrogate end-
points.39 Including flexibility in clinical trial design in new regulatory
frameworks could contribute to the efficient development of gene
therapies across the countries adopting such frameworks.

Use post-market confirmatory studies

Global health authorities should incorporate approaches to support
expeditious approval of gene therapy products, leveraging post-mar-
ket commitments to continue evaluation of uncertainties after market
entry. As the FDA has previously noted, “We’re going to be looking at
accelerated approval endpoints for earlier approval on questions of ef-
ficacy with more vigorous long-term follow-up.”40 An important
application of this concept would apply to the evaluation of questions
regarding durability. To ensure that patients receive access to treat-
ment in a timely fashion to address unmet needs, it is critical that
long-term questions, such as durability, be assessed in the post-mar-
ket setting. Doing so allows the opportunity to confirm durability of
response and long-term safety, while providing treatment accessi-
bility to patients with serious conditions.

The question of durability for gene therapy products can be addressed
by collecting long-term data through disease registries. Because the
safety and efficacy data available before the approval of a gene therapy
product may be limited, regulators typically require patient follow-up
and disease registries to build long-term efficacy and safety data sup-
porting the product’s risk/benefit profile. Registry contributions to
strengthen gene therapeutic evidence have been discussed in the
literature.41

A wide variety of post-market study designs for ATMPs is described
in a recent paper by Fritsche et al.42 The authors report that many
ATMPs’ post-marketing trials adopt explanatory trial-design features
that focus on answering hypotheses that are more suitable to pre-
market trials. They therefore suggest that real-world data generated
from registry-based pragmatic trials could better inform the use of
gene therapies across diverse and global patient populations, as well
as across additional stakeholders (regulators, clinicians, and payers).

Regulators can advise sponsors on effective use of registries. For
example, the EMA recommends planning for registries early in a
product’s development. The agency provides guidance on a series
of measures. These include early risk detection, adverse event report-
ing, and product-specificmonitoring, taking into account the need for
tailored approaches.43 As such, our recommendation is that product
availability should not be delayed because of health authority interest
528 Molecular Therapy: Methods & Clinical Development Vol. 21 June 2
in addressing the long-term question of durability up front. We
encourage regulators to leverage the long-term follow-up approach
to address such questions in the post-approval setting.

CONCLUSIONS
Gene therapies offer new hope to patients who suffer from debili-
tating diseases. Regulatory frameworks will need to evolve to address
the unique nature of gene therapies and keep pace with the science. In
the last few years, much progress has been made to address global reg-
ulatory challenges in gene therapy. Further enhancements can over-
come potential regulatory barriers to bring innovative, complex
new treatments to patients in need around the world. As this novel
and promising class of products continues to grow, regulatory frame-
works will have a significant impact. Whether through dedicated
frameworks, work sharing, or regulatory reliance, globally aligned
regulatory pathways will be critical for the advancement of gene ther-
apy development and commercialization globally.
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