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Abstract. Regenerative medicine solutions for type 1 diabetes are a rapidly developing field of medical technology. To date,
these solutions have been principally cell-based treatments and at present, in Europe, these therapies are regulated under
European Union regulations for advanced therapy medicinal products. But now, new emerging technology combining cellular
therapy with medical devices is under development. The potential of this novel hybrid model to create a bioartificial pancreas
to treat type 1 diabetes is tantalizing. However, incorporating medical devices creates a further layer of regulatory complexity.
This article seeks to expose the complexity of this legal and regulatory landscape and demonstrate how evolving technology
could challenge the entire existing legal paradigm. We start by summarizing the status of the only established cell-based
therapy —transplantation. We set out the regulation of cellular therapies, their classification, and the role of statutory bodies.
We examine the bottleneck of therapies moving from bench to bedside, and we consider the additional challenges of prod-
ucts, which use a combination of cells and medical devices. Finally, we argue that for the potential of this rapidly growing area

(Transplantation 2024;108: 1072-1079).

of technology to be realized a seismic shift in how we regulate frontier cellular therapies will be required.

J

INTRODUCTION

The treatment of type 1 diabetes has been at the cutting
edge of medical innovation for over a century. Countless
therapies have traversed the rocky road from hypothetical
solution to routine treatment. Three principal therapeutic
approaches have been used. First, pharmacological thera-
pies, for example, synthetic insulins of various durations
of action' or sodium-glucose cotransporter 2 inhibitors.>
Second, conventional medical devices, for example, insu-
lin pumps, glucose sensors, or mobile phone apps. Finally,
therapies that use human tissues and cells, namely, whole
pancreas and islet cell transplantation.

Traditionally these 3 approaches have been regu-
lated separately under either legislation for medicinal
products,’ medical devices,* or those for transplanta-
tion.” However, developments in the field of regenerative
medicine have brought about the possibility of hybrid
therapies in which metabolically active cells are brought

together alongside medicines and devices in a single prod-
uct—sometimes collectively referred to as a bioartificial
pancreas.®® Such a product it is hoped may be able to
return those with type 1 diabetes to a state of precise eug-
lycemia and consequently avoid many of the damaging
complications associated with this disease. However, as
well as these potentially revolutionary benefits, there lie
significant challenges including, as this article will argue,
to the entire regulatory framework surrounding frontier
cellular therapies.

This article seeks to expose the complexity of this legal
and regulatory landscape, with a focus on the laws of the
European Union (EU), but when appropriate bringing in
examples of local variation or global perspectives. We
start by summarizing the status of the only established
cell-based therapy—transplantation. We then set out the
regulation of cellular therapies in the EU, explaining their
classification and the role of statutory bodies. We then
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review some of the characteristics of proposed cellular
therapies for type 1 diabetes, which have been through
the European assessment process and how they were clas-
sified. We examine the bottleneck of cellular therapies
moving from bench to bedside and consider the part that
regulatory complexity plays in this. We explore the bur-
den of regulation and additional complications created
when cellular components are combined with medical
devices, the use of cells of xenogeneic origin, and how
classification can impact on clinical utility. Finally, we
conclude by reflecting on how these emerging regenera-
tive medicine solutions could challenge the entire existing
legal paradigm.

MATERIALS AND METHODS

This article was synthesized by combining a review of
primary legal sources, legal literature, and publicly avail-
able reports produced by the European regulator—the
European Medicines Agency (EMA). Primary and second-
ary legislation on advanced therapy medicinal products
(ATMPs) clinical research and transplantation from the
European Parliament was reviewed, and a literature search
was performed using the key words “regenerative medi-
cine” on 3 main legal databases published in the English
Language—LexisNexis, Westlaw, and HeinOnline.

Transplantation—The Original Cell-based Therapy

Pancreas and islet cell transplantation represent the only
currently established cell-based therapies for type 1 diabe-
tes. In Europe, these procedures are regulated under the aus-
pices of organ transplantation with centralized European
standards dictating the requirements for determining the
quality and safety of organs to be used (Directive 2010/45/
EU’). Networks of European centers have performed 3923
whole pancreas transplants between 2015 and 2019° and
2608 islet cell transplants in 1295 recipients between 2000
and 2020.'° Despite this extensive clinical experience, there
are significant limitations to both therapies.

Whole pancreas transplant achieves insulin independ-
ence for around 83%-89% of recipients at 5§ y”'"!% how-
ever, 5%-10% of grafts undergo early graft loss”'"!* and
up to 25%-30% of patients have been reported to expe-
rience serious complications from the procedure.!™™*!
For islet transglantation, the complication rate is lower at
10%-14%""1" but so are the chances of insulin inde-
pendence with anywhere between 25% and 50% of recipi-
ents reported to be insulin free at § y.'1¢181? In both cases,
long-term immune suppression with its associated risks is
required. Moreover, there is an international shortage of
appropriate donor pancreases, which has further limited the
reach of these therapies. Combined, these factors mean that
such treatments are currently reserved for only those with
severe complications of diabetes—hypoglycemic unaware-
ness, suboptimal glycemic control despite maximal medical
input, and renal failure.'"** The global need for new thera-
pies without these risks and limitations is the driving force
behind research to develop new cell-based treatments.

Regulating Novel Cellular Therapies

This intensification of interest in developing regenera-
tive therapies has brought with it enhanced scrutiny of
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the regulatory environment in which they exist. There is
considerable variation globally in the definitions, nomen-
clature, classification, and regulation of cellular-based
therapies. This heterogeneity is of sufficient concern that in
2021 the World Health Organization began a consultation
with the expressed goal to “promote regulatory conver-
gence for GTPs (cell and gene therapy products) to facili-
tate development and access to these novel products for
patients in all regions of the world.”*! For the 27 countries
of the EU, the European Parliament determines the type
and scope of regulations, which are then implemented and
enforced by the regulator—the EMA. However, even in the
EU, in which there is a relative uniformity in approach,
cellular products are subject to a complex matrix of local,
national, and supranational rules and regulations.

Advanced Therapy Medicinal Products

In the EU, cellular and gene therapies are collectively
known as ATMPs. Any new regenerative medicine therapy
for diabetes is highly likely to fall into this classification
first introduced in 2007.* Historically, the majority of
ATMPs have been highly targeted anticancer treatments
aimed at a relatively small number of specific recipients.*®
Gene therapies such as Libmeldy for metachromatic leu-
kodystrophy (MLD), famous for being “the most expen-
sive drug in the world,”** are targeted at an even more
limited patient group. Whereas, with approximately 9
million people living with type 1 diabetes globally*® and
over 30000 newly diagnosed type 1 diabetics each year in
Europe alone,?® a successful product targeted at this group
could dwarf the existing market for ATMPs. This poten-
tial has not been lost on researchers. There are currently
over 300 trials registered on ClinicalTrials.gov for “dia-
betes mellitus type 1,” which match the key words “cell
therapy.”?’

ATMP Classification

ATMPs are subdivided into 4 groups:

® Gene therapy medicinal products—which “contains or
consists of a recombinant nucleic acid ... with a view
to regulating, repairing, replacing, adding, or deleting a
genetic sequence”

e Somatic cell therapy products (sCTMPs)—which “contains
or consists of cells or tissues that have been subject to sub-
stantial manipulation so that biologic characteristics, phys-
iological functions, or structural properties relevant for the
intended clinical use have been altered, or of cells or tis-
sues that are not intended to be used for the same essential
function(s) in the recipient and the donor”?®

e Tissue engineered products—these contain engineered “tis-
sues or cells with the aim to regenerate, repair, or replace a
human tissue”’

e Combined ATMP—which meets the definition of any of
these 3 but also contains 1 or more medical devices or
active implantable medical devices®®*

A cell-based therapy for type 1 diabetes could therefore
fall into the classification of a sCTMPs or tissue engi-
neered product depending upon the cell source used, their
intended function, and if they are “substantially manipu-
lated” (Figure 1).*

Increasingly complex novel therapies, particularly those
incorporating multiple different cell types and a device,
may not fit neatly into one of these classifications. The
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European regulations have sought to bridge this gap by
advising that products should be considered under the
most highly regulated tier of its component parts,

A product which may fall within the definition of a
tissue engineered product and within the definition of
a somatic cell therapy medicinal product shall be con-
sidered as a tissue engineered product.*

Committee for Advanced Therapies

To assist developers in navigating these classifica-
tions and to ensure that prospective products undergo
the appropriate preclinical and clinical testing, the EMA
established the Committee for Advanced Therapies (CAT).
Here advice can be sought on the likely categorization of
an investigational product free of charge at any time in
the development process. All scientific opinions are then
published and publicly available.*

Classification of Cellular Therapies for Type 1
Diabetes

With so many active research projects targeted at cel-
lular therapies for diabetes, it may be surprising that
between 2010 and 2020, the CAT has published scien-
tific opinions on just 11 potential ATMPs aimed at type
1 diabetes.’'?® Of these, the majority (5) were classified
as “sCMTPs,” just 2 were combined ATMPs, and 2 were
felt not to fall within the remit of the ATMP framework—
both of which contained human islets of Langerhans cells
that had been insufficiently “manipulated” to bring them
into the domain of ATMPs**3® (Table 1). Strikingly when
compared with recent research published from groups
working at creating a regenerative medicine solution for
type 1 diabetes, newer therapies seem likely to be far more
complex than any of those which have been considered
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FIGURE 1. Manipulations not considered to be “substantial,” as
defined in Annex | of Regulation (EC) no. 1394/2007 on advanced
therapy medicinal products.
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The ATMP Bottleneck

As research into cellular and gene therapies expands it
might be expected that an increasing number of products
will come to market. However, there is a high attrition
rate in the development of ATMPs and to date, despite
hundreds of clinical trials, only 25 ATMPs for any disease
process have made it successfully through the product
development process and been granted market authori-
zation.”>* There are varied reasons for this apparent
bottleneck. Working with cells and genetically modified
organisms is costly and labor intensive and requires highly
specialized personnel and laboratory conditions. It should
not be surprising therefore that newly approved ATMPs
often come with a significant price tag costing tens or
hundreds of thousands of Euros.** Of the few products
that have made it to market, some have subsequently
been withdrawn for commercial rather than medical
reasons, 3443

In addition to these scientific and commercial chal-
lenges, the complex regulatory framework that such
products are subjected to may be acting as a barrier to
innovation. In a European survey of developers, regula-
tory challenges (34%) were cited more commonly than
technical (30%) or scientific challenges (14%) in develop-
ment of ATMPs.*’

Regulation of ATMP Research and Development

To illustrate this regulatory complexity, we will con-
sider the layers of legal and regulatory safeguards, which
are applied or stripped away at each stage of the product
development process.

Basic Scientific Research

Essential to creating a regenerative therapy for type
1 diabetes will be securing a reliable source of insulin-
producing cells of a uniform quality. There are a variety
of options for where these cells might originate from:
deceased human donors, induced pluripotent stem cells,
or xenogeneic cells have all been suggested.'®*”*! In addi-
tion, other cell types including those drawn from embry-
onic sources or peripheral blood might then be included to
provide structural, immune protective, or vascularization
functions.'®***! Each type of cellular component will have
advantages and disadvantages from a scientific perspec-
tive, but they will also be subject to separate and specific
regulatory requirements.

For example, if islet cells are collected from deceased
human donors the first responsibility is to ensure the
specific laws regarding organ donation of the country in
which they originated are adhered to. Organs are then sub-
ject to the European Directive on the quality and safety
of human organs intended for transplantation (Directive
2010/45/EU%). In contrast insulin-producing cells derived
from stem cells would be subject to the tissues and cell
directives (Directive 2004/23/EC*® and Directive 2006/17/
EC"), which regulate the donation, procurement, test-
ing, processing, preservation, storage, and distribution of
human tissues and cells. Noninsulin secreting—supporting
cells might be subject to the tissues and cells directives
(Directive 2004/23/EC*® and Directive 2006/17/ECY) or
the European Blood Directive (Directive 2002/98/EC*®)
depending on their source. Any cells that have undergone
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TABLE 1.

Summary characteristics and classifications of products for type 1 diabetes published by the Committee for Advanced

Therapies, 2010-2020

Year of decision Summary characteristics Classification given

2020 Insulin-producing pancreatic islet cells derived from human embryonic stem cells SCTMP

2019 Allogeneic viable Wharton’s jelly—derived mesenchymal stem cells ATMP

2020 Genetically modified Lactococcus lactis strain engineered to excrete human proinsulin and human IL-10 GTMP

2020 Adipose tissue—derived stem cells or —induced pluripotent stem cells transformed into insulin- and TEP + device =
glucagon-releasing cells, cultured endothelial cells, and fibroblasts/fibrocytes combined ATMP

2018 Allogeneic pancreatic islets encapsulated by an elastin-like recombiners Not ATMP

2016 Autologous ex vivo expanded regulatory T lymphocytes SCTMP

2016 Autologous ex vivo expanded polyclonal regulatory T cells SCTMP

2015 Bone marrow—derived autologous nonhematopoietic stem cells suspended in a buffer SCTMP

2013 Immunoprotected (alginate-encapsulated) porcine islet preparation SCTMP + device =

combined ATMP
2011 Human islets of Langerhans Not ATMP
2010 Porcine beta cells and their accompanying endocrine cell populations embedded in an alginate matrix ~ sCTMP

ATMP, advanced therapy medicinal product; GTMP, gene therapy medicinal product; IL-10, interleukin 10; SCTMP, somatic cell therapy medicinal product; TEP, tissue engineered product.

genetic modification will be subject to directives for
genetically modified organisms (Directive 2001/18/EC*
and Directive 2009/41/EC*°). A product that combines
multiple cellular sources may therefore need to adhere to
requirements from several different regulations.

Clinical Trials

Once a preparation has been formulated, those that
are promising move into clinical trials wherein clini-
cal researchers and commercial developers must adhere
to the Clinical Trials Regulations (Regulation EU No
536/2014°") and Directives on good clinical practice
(Directive 2001/20/EC* and Directive 2005/28/EC*?). In
addition, there are those for good manufacturing practice
(Directive 2003/94/EC>*) governing the safety and qual-
ity standards for laboratories and manufacturing facilities
creating treatments intended for human use.

Market Authorization

It is only at the market authorization stage that the
specific regulations for ATMPs come into full action
(Regulation No. 1394/2007 EC®) as well as Directive
2009/120/EC relating to medicinal products for human use
as regard ATMPs.>® Should the product be used in pedi-
atric populations further regulations aimed specifically at
medicinal products for pediatric use [Regulation (EC) No
1901/2006°¢ and Regulation (EC) No 1902/2006°’] must
be adhered to and specific pediatric investigation plans,
which outline the necessary studies needed for drugs used
in children, may be required.

Pharmacovigilance

Finally, once a product is authorized, it remains subject to
pharmacovigilance Regulations and Directives [Regulation
(EU) No 1235/2010°® and Directive 2010/84/EU*’].

Regulating Medical Devices—Impacts for Combined
Products

As alluded to earlier, some novel therapies in develop-
ment do not just contain cellular components but also

include components that meet the definition of “medical
devices.” For example, decellularized tissues or completely
synthetic materials may be used as scaffolds to protect
or aid aggregation of cells, 3D printing techniques, and
equipment, or the entire “bioartifical pancreas” might be
encapsulated within a device to allow for ease of inser-
tion and removal.'®***? The devices used in these “com-
bined ATMPs” will be required to demonstrate that they
conform to the medical devices regulations (Regulation
2017/745).

In a significant difference to the regulation of pharma-
ceutical or cellular therapies, the EMA does not act as a
central authorizing agency for medical devices. Instead,
national “notified bodies” assess products manufactured
in each member state. These bodies conduct a conformity
assessment of any proposed new product and once satis-
fied issue a Conformité Européenne mark before the device
is used in patients. For devices considered “high-risk,” the
EMA provides scientific advice and oversight, but the bulk
of the assessments of new devices are devolved.®!

Therefore, for combined ATMPs, the EMA would take
into consideration the relevant notified bodies assess-
ment of the device component(s) before issuing an assess-
ment and market authorization of the ATMP product as
a whole. So, the final assessment of a combined ATMP
would remain the remit of the EMA. However, when
multiple agencies are involved, the possibility emerges of
heterogeneous interpretation and application of rules and
standards.

Criticisms of Medical Device Regulation

High-profile scandals involving breast implants and
metal-on-metal hip replacements have drawn attention
to the regulation of medical devices resulting in the EU
regulations being updated in 2017 (although only coming
into force in 2021).°%%% In these cases, products were with-
drawn in different jurisdictions at different stages resulting
in some patients in both France and the United Kingdom
being exposed to products, which had already been banned
in the United States.®®% This has led to specific criticism of
the devolved European model in comparison to the United
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States where the Food and Drug Administration assesses
all medical devices centrally.®* The updated European
regulations have increased standards for testing of devices
before coming to market and enhanced the sanctions
regime. However, some critics still argue that this “non-
harmonized” style of regulation is both complicated and
burdensome for manufacturers and insufficiently protects
consumers with potentially disastrous consequences.

The Regulatory Burden

Regulation of frontier medical science operates under
a constant tension—on the one hand facilitating and pro-
moting innovation, and on the other securing protection
from harm for recipients of novel treatments. The EMA
has recognized that there is a need to “ensure that the
regulatory framework supports—and not hinders—the
development of ATMPs.”®* However, they have also issued
stark warnings about the risks of unproven cell-based
therapies, which can carry “serious, sometimes fatal, side
effects including infections, unwanted immune reactions
[and] tumor formation”® and explicitly warned patients
against accepting cell-based therapies, which have not
been proven effective in formal clinical trials.

Our analysis shows that for products that use the
most complex combinations of cellular and noncellular
device components over 20 different EU directives may
be engaged over the course of development (Table S1,
SDC, http://links.lww.com/TP/C878). It is important
to note that these various legal instruments will not all
apply to the finished product, many will apply only at
certain phases of the iterative development process.
However, there is a cumulative burden in ensuring that
each regulation’s specific requirements are adhered to at
the necessary stages. This requires an extremely detailed
understanding of the law on the part of developers, which
may be beyond the capability and resources of smaller
organizations.

Predictably, there may be attempts to circumvent this
regulatory burden when possible. Under the existing leg-
islation, the “hospital exemption” criteria allow ATMPs,
which are produced in a single hospital or clinic to be
excluded from the ATMP regulatory framework.> This
facilitates the production of targeted cell-based treatments
to be used only in individual patients at specialist centers.
However, it has also stimulated concern that there is the
potential for therapies to be offered that have not meet the
required safety standards and put patients at risk.**%

Regulating Products Incorporating Cells of Xenogeneic
Origin

Generating a plentiful supply of reliable insulin—pro-
ducing cells has been 1 of the most challenging scientific
hurdles to overcome in formulating novel beta—cell thera-
pies. One solution, which has been proposed, is that cells
from genetically modified animals could provide a rela-
tively unlimited supply of islet cells for an ATMP. Utilizing
xenogeneic cells as a therapy for type 1 diabetes has been
attempted as far back as the 1990s.%” Although to date
a successful product has not been brought to market, the
EMA has provided preemptive guidance on the stand-
ards for the use of animal cells in Xenogeneic Medicinal
Products®® and stated that any products “containing or
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consisting of [viable] animal cells or tissues to be adminis-
tered to humans will always be considered as ATMPs.”®’
Beyond this, however, the permissibility of xenotransplan-
tation or the use of xenogeneic cells in medicinal prod-
ucts is a matter devolved to individual member states
with different approaches being taken across the block.”
Therefore, if a xenogeneic product were to be brought to
market under the current regime, there is no guarantee it
would be uniformly regulated or accessible across Europe.
Given the recent advances in whole organ xenotransplan-
tation,”"”* the EU will need to consider urgently if further
regulations or specific amendments are needed to harmo-
nize the approach.

Nomenclature, Classification, and Clinical
Consequences

As demonstrated earlier, classification can have a signifi-
cant impact on regulatory oversight. However, there are
also clinical consequences. In 2011, the EMA was asked
to consider if the preparation of cells for use in islet cell
transplantation met the threshold for substantial manip-
ulation to be included in ATMP regulation. They found
that as the cells involved were “minimally manipulated”
and “intended to be used for the same essential function in
the recipient and the donor, that is, pancreatic function”?’
that they did not fall into the more complicated regulatory
framework of ATMPs and remained regulated in the same
manner as whole organ transplantation.

In contrast, the Food and Drug Administration in the
United States determined in 2015 that, due to the process-
ing of cells, islet cell transplantation fell under the regulation
of biologic therapies, which are broadly equivalent to those
for ATMPs. This has led to what 1 commentator describes
as “the demise of islet allotransplantation in the United
States””? with only 11 recipients receiving islet allotrans-
plantation between 2016 and 2019, and all of these under
the auspices of a clinical trial as an investigational product.
Therefore, definitions of manipulation, nomenclature, and
classification can significantly impact the clinical availability
of even well-established treatments. The impact upon novel
and innovative ones could prove pivotal in determining a
treatment’s availability and ultimate success.

The Future of Regulation

There are already moves underway to shift the regula-
tory paradigm. To simplify the existing network of regula-
tions, the European Commission is currently developing a
new proposed regulation, which would replace the existing
directives covering blood, cells, and tissues. This new uni-
fied regulation would also extend the Commission’s regu-
latory oversight to previously unregulated substances such
as human breastmilk ensuring the safety and quality of all
“substances of human origin” (SoHO).” The expressed
intention is to build a

future-proof and robust framework which better pro-
tects donors, recipients treated by transfusion, and
transplantation ... [and] that fosters innovation in
this crucial biotech sector.”

However, it is not just regulatory complexity that is
of concern. As we move rapidly from scientific theory
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to clinical practice, regenerative medicine products are
likely to encounter challenges surrounding 1 of the most
significant current debates in medicine. That of equality
of access. There are known disparities in the uptake of
technological treatments for diabetes with the subsequent
impacts on patient outcomes felt disproportionately by
some marginalized groups.”® The WHO have highlighted
disparities in access to cellular treatments between high
and low and middle income countries as a priority for
resolution.?! To allow this area to realize its full potential
these disparities must be corrected. To that end, regula-
tions will need to begin to consider the wider legal and
social context in which these products will be marketed.

CONCLUSION

There can be little doubt that the future of the treat-
ment of type 1 diabetes lies in regenerative medicine,
with a bioartificial pancreas providing our most com-
pelling chance at creating a truly bioartificial organ in
the near future. Centralized EU regulations have gone
a significant way to aligning the approach to novel cell-
based therapies across Europe. However, despite this
the legal landscape for products containing multiple cell
sources, genetic modifications, and in combination with
medical devices remains remarkably complicated. This
may form an obstacle to innovation and have significant
implications for clinical use. In addition, the use of cells
of xenogeneic origin represents an area of European law
in which there is very little consensus. As we reach fur-
ther into the frontiers of cellular therapy, there are chal-
lenges but also opportunities to rethink how we regulate
highly innovative medical procedures. Promoting regu-
latory convergence to facilitate development and access
to these novel products for patients in all regions of the
world is an important first step.
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