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Innovative solutions have entered the routine management of patients with type 1 diabetes or
are making the headlines and this is shaking the world of beta cell replacement therapies.
Above all, allogeneic islet transplantation is enthusiastically doomed to extinction by the
aficionados of “closed loop” artificial insulin delivery systems or those convinced of the
imminent large scale availability of stem-cell derived insulin-producing tissues. This opinion
paper will propose that neither will be a universal solution in the very near future and will argue
that xenogeneic islet transplantationmay be a serious outsider in the race for new therapies. In
themeantime, the odds are in favor of allogeneic islet (and pancreas) transplantation remaining
first line options in the treatment of complicated type 1 diabetes. There is no question that
“closed loop” systems have already greatly improved themanagement of type 1 diabetes, but,
while “unlimited” sources of insulin-producing cells are jockeying for approval as standard-of-
care, these improvements are more likely to drive a shift of indications -from islet transplant
alone to simultaneous islet-kidney transplantation- than to herald the demise of islet
transplantation.
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INTRODUCTION

Groundbreaking advancements are transforming the standard care of patients with type 1 diabetes
mellitus (T1DM), sending ripples through the field of beta cell replacement therapies. Allogeneic islet
transplantation, once hailed as a breakthrough, now faces existential questions amid the rise of stem
cell-derived insulin-producing tissues and advanced closed-loop systems. There is a trend to believe
that “closed-loop” artificial insulin delivery systems or stem cell-derived insulin-producing tissues
will soon become the standard-of-care, thus limiting the remaining lifespan of islet transplantation.
This opinion paper contends that allogeneic islet transplantation will persist as a key therapeutic
option in the foreseeable future, not merely as a stopgap but as a complementary strategy within a
diversifying armamentarium. When its decline eventually comes, if at all, the driving force behind it
may not be one of the usual suspects.
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THE CHALLENGERS (1)

A revolution is in the making in the world of beta-cell
replacement (Figure 1). The past 2 decades have seen
sustained progress in the generation of insulin producing islet-
like structures, derived from embryonic (ESC) or induced
pluripotent (iPSC) stem-cells, exhibiting a fully mature β-cell
phenotype and able to reverse diabetes in a variety of animal
models [1–7].

The first phase I/II clinical trials of ESC-derived islet cells
encapsulated in a macrodevice, developed by the Viacyte
company, and transplanted to T1DM patients with or without
immunosuppression depending on the device structure,
essentially demonstrated tolerability and safety, notably
absence of off-target growth or occurrence of teratoma [8, 9].
However, only minimal amounts of C-peptide were detected in
less than half the study subjects, even after optimization of the
number of transplanted cells [10]. The double hurdle of assessing
at the same time cells still at the progenitor stage and an immune-
isolating device may have accounted for these less-than-
ideal results.

Meanwhile, the Vertex company designed 2 clinical trials, in
which ESC-derived islet-like cell, developed from the works of the
Harvard Stem Cell Institute [3], were transplanted to patients
with T1DM. Importantly, these VX-880 cells are fully mature.
The first Vertex trial, in which VX-880 cells were transplanted
into the portal vein -as in clinical islet transplantation- and with
immunosuppression, have demonstrated impressive results. In
their latest press release, Vertex announced that islet cell
engraftment and glucose-responsive insulin production
occurred in all subjects. Nearly all participants (11 of 12) had
a reduction or elimination of exogenous insulin use at their last
visit, and all three patients who had reached at least 1 year of
follow-up had come off insulin [11]. These remarkable results
have allowed Vertex to announce the approval to move this trial
to phase III [12]. A second trial in which the same cells are

transplanted inside macrodevices without immunosuppression
has been launched in the meantime.

Similarly spectacular clinical observations, albeit on a smaller
scale, were reported from China, using iPSC-derived islet cells as
the source of insulin-producing tissue. Chemically induced iPSC-
derived autologous islets [7] were transplanted in a patient with
T1DM, who was already on immunosuppression for a previous
liver transplant. At 1-year post-transplant, patient was off-
insulin, with normal blood sugar levels (time in range 99%)
and normal HbA1c [13]. It is difficult to predict whether the
autologous transplanted cells would have been protected from
immune rejection or prone to recurrence of autoimmunity
without immunosuppression.

Another group in China, reported the outcomes of a type
2 diabetic patient, already transplanted with a kidney and
therefore on immunosuppression, in whom iPSC-derived islets
were transplanted intraportally. Again, with more than 2 years
follow-up, the patient remained off insulin, with normal blood
sugar levels (time in range 99%) and normalized HbA1c [14].
Although its breakthrough nature was acknowledged, this report
was met with cautious optimism, notably regarding the
immunogenic profile of autologous iPSC-derived cells and
their fate in the absence of immunosuppression [15]. Indeed,
in contrast with ESCs that grow into teratomas into mice of the
same genetic background, autologous iPSCs, reprogrammed from
fetal fibroblasts by viral or non-viral genetic approaches, elicit an
unexpected immune reaction in genetically identical mice,
resulting in their rejection [16].

In an opinion paper published in the same issue of Transplant
international, L. Piemonti discusses why, in spite of these
spectacular breakthroughs, the large-scale application of stem
cell therapy as a “cure” for T1DM may still face considerable
hurdles before coming into implementation [17]. Large scale
application, i.e. to “all” patients with T1DM before they
develop complications of the disease in the form of severe
hypoglycemia or micro/macrovascular disease, will require

FIGURE 1 | Timelines of beta-cell replacement therapies, from the first attempt at implanting sheep pancreas fragments into a boy with keto-acidosis in 1892 by
Patrick Watson-Williams to the successful transplant of iPSC-derived islets by Honghui Deng, reported in 2024.
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circumventing the need for lifelong immunosuppression.
Solutions may include immune-isolating encapsulation systems
and localized immunomodulation of the graft microenvironment
or of the implanted cells themselves, rendering them “invisible” to
the immune system by gene editing technologies [18–22].
However, translating these strategies into clinically viable
Advanced Medicinal Therapy Products (ATMP), as they are
classified in the European regulation, will demand significant
technical and regulatory efforts, entail important costs, require
cross-sector collaboration among all stakeholders -including
academia, industry, healthcare systems, physicians, patient
advocacy groups - and will take considerable time [23, 24].

A critical gap remains the lack of a “quality by design”
approach, wherein diabetes-curing ATMPs are conceptualized
holistically from inception—integrating cellular components,
delivery systems, and immune protection—rather than
retrofitting specific innovations into existing platforms post
hoc [17]. For instance, the Vertex’s VX-880 product, a leading
ESC-derived islet therapy, has shown remarkable early efficacy in
Phase I/II trial, but its reliance on immunosuppression and its
high production costs will likely restrict access to a privileged
minority in the foreseeable future.

THE CHALLENGERS (2)

The quest for a fully functional, fully autonomous “artificial
pancreas” has relied on the parallel development, since the
1960s, of glucose sensors, which have evolved into continuous
glucose monitoring (CGM) systems and of insulin delivering
pumps [25] (Figure 2). The combination of these two
technologies into what are known as “hybrid closed loop
systems” is now part of the standard of care of patients with
T1DM in industrialized countries. These systems rely on the
measure (sensing) of subcutaneous glucose levels, which are
entered into an algorithm that in turn determines the dose of

insulin to inject subcutaneously. The “hybrid” terminology relates
to the fact that, although the loops can effectively be closed, they
still require input from the patient about carbohydrate intake or
physical activity to complement the automated component of the
system. The more recent generation, termed “advanced hybrid
closed loop” systems (AHCL) have been approved by healthcare
systems since 2020.

AHCL systems are extremely effective at improving glycemic
control. Several studies with “real world” patients (i.e., not subject
to the strict inclusion/exclusion criteria of randomized trials)
have demonstrated a significant improvement of the glycemic
time in range (TIR; 70–180 mg/dL), reaching 72%–74%, and
HbA1c of approximately 7%, with 1-year follow-up
periods [26–28].

AHCL systems have markedly improved both disease
management and glycemic control of patients with T1DM.
However admirable these achievements are, they should not
conceal that the TIR targeted by diabetologists is not equate
the normal glycemic range they have defined themselves.
Investigators having looked at the time in “tight” range
(70–140 mg/dL) obtained by AHCL systems, showed that it
was in fact only 43%, even though a TIR of 73% was achieved
[29]. The 7% HbA1c obtained, which is in line with accepted
diabetologic targets, is in fact not better than the results of the
DCCT/EDIC trials, which showed that intensive insulin therapy
resulting in mean HbA1c of~ 7% maintained over a mean
6.5 years reduced the development and progression of early
microvascular complications associated with diabetes by 34%–
76% [30]. New diabetes treatment technologies have thus resulted
in a progressive slowing down of the development of end-stage
nephropathy in patients with T1DM; as reported in a Swedish
cohort, the onset of end-stage renal failure has been postponed at
least 10 years compared with that in older prospective
cohort studies [31].

From the patient perspective, AHCLs are generally very
favorably considered, although a recent study reported that it

FIGURE 2 | Timelines of insulin therapy, from its “discovery” in 1921 by Frederick Banting and Charles Best to the approval of the first advanced hybrid closed loop
system in 2020.
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did not improve diabetes treatment satisfaction, diabetes-specific
quality of life, hypoglycemia awareness, or perceived frequency of
unacceptably low glucose levels in study subjects [32].
Acceptability of AHCL is not universal (sensor issues, sports,
. . .) and in some cohorts, the percentage of dropout from AHCLs
was up to 30% [33].

In other words, and as already expressed by F. Banting in his
Nobel acceptance speech, “insulin is not a cure, it is a treatment”
[34]. No matter how sophisticated the AHCL device and the
algorithm governing it are, the beta cell, and all the crosstalk and
interactions that occur between the various cellular components
of an islet of Langerhans, cannot be mimicked by a glucose sensor
connected to insulin pump [35].

THE OUTSIDER

The field of xenotransplantation has recently garnered significant
attention due to the breakthrough transplantation of porcine
kidneys and hearts into brain-dead human subjects (the decedent
model) and living patients [36–40]. Encouraging, and even
spectacular, results have been largely achieved thanks to the
availability of genome-edited pigs, with genetic modifications
knocking-out genes related to carbohydrate antigens known to
cause hyperacute rejection and human transgene insertions,
designed to modulate the human immune system [41, 42].

It is quite strange to observe that islets have not yet joined this
bandwagon, since it has long been considered the ideal modality
for a potential first successful xenotransplantation trial [43]. The
technical aspects of an islet transplant much easier than those
of a vascularized organ transplant and the consequences of a
failed graft are much less dramatic. Additionally, porcine insulin
differs from human insulin by only one amino acid and has been
themainstay of T1DMmanagement for decades before the arrival
of synthetic insulins. Unsurprisingly, early trials using wild-type
or minimally modified porcine islets, often with suboptimal
encapsulation strategies, unsurprisingly yielded poor
outcomes [44].

Another interesting feature of islet grafts is that they are
disconnected from their own vascularization at the time of
implantation, and revascularized with vessels growing from the
host over the first weeks of engraftment [45, 46]. This means that
there is no encounter of the donor epithelium with the host
antibodies, and therefore some extent of protection from
antibody-mediated rejection [46]. These experimental
observations have indeed been largely verified in the clinical
field, in which no correlation was seen between occurrence of
de novo donor-specific antibodies and islet graft loss [47, 48].
Thus, the humoral component of xenorejection, which is thought
to be the major immunological hurdle for graft survival is likely to
be of no consequence in islet xenotransplantation.

How close are we to efficacious clinical islet
xenotransplantation [49]? In recent years, several groups have
reported long-term islet graft survival in pig-to-nonhuman
primate experiments, mostly using wild type adult pigs as
donors [44]. The government of South Korea has invested
significant funding to advance the field of islet

xenotransplantation, and a sponsor-initiated trial (Seoul
National University), using islets from pathogen-free, wild
type adult pigs was approved the authorities and should be
initiated shortly [44]. The pilot study will enroll 2 patients,
with an immunosuppression protocol associating induction
with T-cell and B-cell depletion and TNF and IL-1 blockade,
and maintenance with tacrolimus and sirolimus, the former to be
switched to JAK inhibitors at about 2 months [50].

Meanwhile, the Sydney group has recently achieved long-term
porcine islet graft survival, well over 1 year, in nonhuman
primates, using multigene-edited pigs and less heavy
immunosuppression [51]. It seems that bringing islet
transplantation to the clinic with acceptable
immunosuppressive regimens will depend on the availability of
genetically modified pigs and a better definition of which are the
genes necessary (and sufficient) to edit in or out [42, 49, 52, 53].

Bringing islet xenotransplantation to the clinic will also
require the resolution of regulatory issues, notably pertaining
to biosafety in general, and specifically zoonosis transmission
[54]. Despite initial concerns in the pioneering times,
transmission of porcine endogenous retroviruses (PERV) has
in fact never been observed, is easy to monitor and can be
totally prevented by the now available pig in which the
57 PERV genes have been edited out [55]. Of greater concern
is the risk of porcine CMV (in fact a porcine roseolovirus, PCMV/
PRV) transmission, for which no treatment is known, and which
has drastically reduced survival in pig-to-non human primates
[41, 56, 57]. Although it is easy to breed pigs in PCMV/PRV-free
conditions and this virus can be easily detected (PCR, serologies)
[57], PCMV/PRV is likely to have been involved in the death of
the first recipient of a porcine heart [58].

Islet xenotransplantation stands at a crossroads. Its unique
biological advantages, coupled with advancing genetic and
immunosuppressive tools, position it as a promising “outsider”
in the race for scalable diabetes therapies. While technical and
regulatory hurdles persist, the convergence of bioengineering
innovation and clinical experience may yet propel islet
xenotransplantation from theoretical promise to practical reality.

ALLOGENEIC ISLET TRANSPLANTATION:
QUO VADIS?

The authors of this point of view hope to have convinced the
reader that despite the recent reported successes, stem cell-
derived islets are unlikely to become available to a large
patient population in a so near future. Although, the proof of
concept was spectacularly obtained in the recent Vertex trial,
incorporation of the cells into a finalized immune-protected
system still has to be achieved. It should also be mentioned
that, although off-target cell proliferation has not been observed
so far, it remains a potential hazard that, if verified, would set the
field many years back.

If investigators engaged in the field of islet
xenotransplantation are careful to engage early enough in the
“quality by design approach” advocated by Piemonti [17], islet
xenotransplantation might find itself having an edge in the

Transplant International | Published by Frontiers April 2025 | Volume 38 | Article 145984

Berney et al. Point of View



pursuit for an “infinite” source of insulin-producing tissue,
available to all patients with T1DM without the need for
lifelong immunosuppression.

In this context, the “quality by design approach” refers to a
bioengineering strategy that holistically addresses the key
challenges of functionality, safety, biocompatibility, immune-
protection, ease of implantation and retrieval, cost efficiency,
and patient acceptability [59]. These factors are essential
prerequisites for designing and constructing a bioartificial
pancreas, regardless of whether the insulin-producing tissue is
derived from stem cells or xenogeneic sources [45, 60–63].

Meanwhile, we hope to have shown that the closed-loop
systems, rhetorically referred to as an “artificial pancreas,” are
in fact simply a way -albeit a sophisticated one-of administering
exogenous insulin, and are nomore a cure for type 1 diabetes than
dialysis is a cure for kidney failure. AHCLs can minimize the risk
of severe hypoglycemia, and help keeping sugar levels “in range”
about 70% of the time, allowing patients to maintain HbA1c
levels at around 7%. This is more than bettered by islet
transplantation, which keeps patients in a truly physiologic
range for a higher part of the time [64], and for which follow-
up data as long as 20 years are now available [65].

What then are the perspectives for allogeneic islet transplantation
as a clinical activity, in the years to come, arguably for longer than
predicted by some? Allogeneic islet transplantation has of course its
limitations, primarily the scarcity of donors and the need for lifelong
immunosuppression, carrying infectious, tumoral and
nephrotoxicity risks.

Since the publication of the seminal “Edmonton protocol”
paper, islet-transplant-alone (ITA) for severe hypoglycemia/
hypoglycemia unawareness is the leading modality for allogeneic
islet transplantation [66, 67]. As we have discussed above, AHCLs
are mitigating the risks of severe hypoglycemia, and the indications
for ITA are likely to drop. Some patients will still be reluctant to be
on a pump or will not respond to technology adequately, and will
therefore remain bonafide candidates for an ITA. The other impact
of AHCLs is not to prevent, but to slow down the progression of
diabetic nephropathy, and thus increase the age at which patients
with T1DM who develop chronic kidney failure will have to face
renal replacement therapy. We will have to care for an increased

population of older, frailer patients, who would have been ideal
candidates for simultaneous pancreas-kidney transplantation at a
younger age, with a better general condition and fewer cardio-
vascular issues. These patients, if they are fit to receive a kidney
transplant, and most of them will, should therefore be offered
simultaneous islet-kidney (SIK) transplantation rather than remain
on insulin, while being immunosuppressed anyway [68]. This will
amount to an ironical “return to the future,” since SIK was by far
the main modality of islet transplantation before the “Edmonton
protocol” induced a paradigm shift in the world of beta cell
replacement [69].

To summarize (Table 1), we foresee that, although they hold
serious promise, regenerative medicine solutions still have a long
way to go before being available to more than a lucky few patients
with T1DM. Xenotransplantation of islets is a serious outsider
that will face the same as yet unresolved issues as stem cells. We
therefore believe that, in times where technology has measurably
impacted the management of T1DM patients, but not to the point
of offering a physiologic metabolic control, allogeneic islet
transplantation still has several years of existence ahead.
Indications for islet transplantation will undergo modifications,
rather than see a decrease in activity. It is very likely that we will
observe a diminution of the number of ITAs performed, but an
increase in SIK activity, without a drop in overall islet transplant
activity, and that “foretold death” of allogeneic islet
transplantation will only be witnessed by the next-generation
of diabetologists and transplant physicians.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

Images presented in the article come from publicly
available sources.

TABLE 1 | Comparison of management technologies for T1DM.

Allogeneic islets Stem-cells Xenogeneic islets Closed loops

Status Standard-of-care Phase III Phase I/II Standard-of-
care

Glycemic control Good Good Uncertain Acceptable
Availability Limited Theoretically infinite Theoretically infinite Unlimited
Limiting factor Organ donors Bioreactor capacity Breeding capacity n.a.
Costs High Very high High Acceptable
Safety risks Donor-derived infection or

malignancy
Tumorigenicity: off-target growth, teratoma Zoonosis none

Immunology Allorejection Allorejection (ESC) Immunogenicity of autologous
iPSC

Xenorejection n.a.

Immune
modulation

Encapsulation strategies Gene-
editing

Encapsulation strategies Gene-editing Encapsulation strategies Gene-
editing

n.a.

ESC, embryonic stem cells; iPSC, induced pluripotent stem cells; n.a., not applicable.
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