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Abstract Type 1 diabetes mellitus affects adults and children, with an increasing number of newly-diagnosed cases each
year. Type 1 diabetes involves a primary functional defect in pancreatic islet beta cells, resulting in secondary
autoimmunity that results in T-cell-mediated beta cell death. However, pancreatic transplantation is a complex
procedure, with complications that include transplant organ failure due to rejection or ischemia-reperfusion in-
jury, safety issues of the duodenal-duodenal anastomosis technique, and the availability of segmental or whole
organs. On June 28, 2023, the FDA Center for Biologics Evaluation and Research (CBER) approved Lantidra (don-
islecel), the first allogeneic (deceased donor) pancreatic islet cell therapy for the treatment of adults with type
1 diabetes who do not achieve target glycated hemoglobin levels because of repeated episodes of severe hy-
poglycemia, despite current management. This Editorial aims to highlight the increasing global health burden
of type 1 diabetes, previous approaches to pancreatic transplant methods and introduces the first regulatory

approval for allogeneic pancreatic islet beta cell infusion, a novel approach to transplantation.
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After the initial discovery and use of insulin in the 1930s,
Himsworth was one of the first investigators to make the clini-
cal distinction between type 1 and type 2 diabetes mellitus [1].
By the 1970s, clinical observations identified juvenile-onset or
type 1 diabetes, maturity-onset diabetes of the young (MODY),
and maturity-onset diabetes, now known as type 2 diabetes
mellitus [2]. There was early recognition that insulin was pro-
duced by the pancreatic beta cells [2]. Improved studies on the
maintenance of functional insulin-secreting pancreatic beta
cells, combined with an improved understanding of the human
genome, resulted in an increased awareness of the phenotypic
spectrum of diabetes [2]. However, there is still some contro-
versy regarding whether type 1 diabetes may be due to a pri-
mary functional defect in beta cells, resulting in secondary au-
toimmunity that results in T-cell-mediated beta cell death [2].

A recently published global epidemiology modeling study by
Gregory and colleagues identified that in 2021, there were
8-4 million individuals with type 1 diabetes [3]. There were
1-5 million (18%) >20 years, 5-4 million (64%) aged 20-59
years, and 1-6 million (19%) »60 years [3]. In 2021 there were
0-5 million newly-diagnosed cases with a median age of on-
set of 39 years [3]. These authors predict that by 2040, the
global incidence of cases of type 1 diabetes will increase to
between 13-5-17-4 million, which is between 60-107% high-
er than in 2021 [3].

Transplantation to replace solid organs has a 140-year histo-
ry that began with an endocrine organ, the thyroid gland [4].
In 1883, the Swiss surgeon, Theodor Kocher (1841-1917), per-
formed the first thyroid transplants in patients with hypothy-
roidism following surgery for goiter [4,5]. In 1909, Kocher be-
came the first surgeon to win the Nobel Prize for Physiology
or Medicine for his discoveries on thyroid gland function [5].
The history of solid organ transplantation of the complex or-
gan, the pancreas, which has both endocrine and exocrine
functions, has been more challenging [5]. Identifying the as-
sociation between pancreatic islet beta cell loss and type 1
diabetes has driven developments in pancreas and beta cell
transplantation [6].

In 1966, the first pancreatic transplant was performed at the
University of Minnesota, Minneapolis, in a patient with type 1
diabetes [6,7]. During the 1970s and 1980s, segmental pancre-
atic grafts were used combined with methods to divert secre-
tions from the exocrine pancreas [6]. With the development of
improved immunosuppressive agents, three main techniques
of pancreas transplantation with enteric diversion have been
used, including simultaneous pancreas and kidney transplan-
tation (SPK), pancreas after kidney (PAK) transplantation,
and pancreas transplantation alone (PTA) [6]. In March 1980,
the first report of the International Pancreas Transplantation
Registry (IPTR) allowed for the International Pancreas and
Islet Transplantation Association (IPITA), the European Study
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Group for simultaneous Pancreas and Kidney Transplantation
(EuroSPK), and European Pancreas and Islet Transplantation
Association (EPITA) [6]. However, pancreatic transplantation is
a complex procedure, with complications that include trans-
plant organ failure due to rejection or ischemia-reperfusion in-
jury, safety issues of the duodenal-duodenal anastomosis tech-
nique, and the availability of segmental or whole organs [6,7].

Transplantation of whole pancreatic islets is challenging for
many reasons, including the lack of availability of donor islets,
rejection, and the effects of immune suppression [8]. However,
stem cell therapies, or substitutes for pancreatic beta cells,
have shown promise in preclinical models by reconstituting
immune tolerance and preserving pancreatic beta cell func-
tion [8]. Mesenchymal stem cells (MSCs), bone marrow hema-
topoietic stem cells (BM-HSCs), and human embryonic stem
cells (hESCs) have been used [8].

A new islet stem cell therapy, VX-880, has been developed by
Vertex Pharmaceuticals (Boston, MA, USA) in which pancreat-
ic islet beta cells are grown from allogeneic stem cells using
proprietary technology [9]. In February 2021, the US Food and
Drug Administration (FDA) approved the application for clini-
cal trials to commence for VX-880 in patients with type 1 dia-
betes (NCT04786262). VX-880 delivers insulin-producing cells
by infusion into the hepatic portal vein under immune sup-
pression [9]. A second treatment approach, VX-264, includes
the delivery of the same cells, which are encapsulated and re-
quire surgical implantation in the body, but do not require im-
mune suppression [9].

On June 28, 2023, the FDA Center for Biologics Evaluation and
Research (CBER) approved Lantidra (donislecel) (CellTrans
Inc., Chicago, IL, USA), the first allogeneic (deceased donor)
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pancreatic islet cell therapy for the treatment of adults with
type 1 diabetes who do not achieve target glycated hemoglobin
levels because of repeated episodes of severe hypoglycemia,
despite current management [10]. Lantidra cell therapy is given
as a single infusion into the hepatic portal vein, which may be
repeated if the initial dose is inadequate [10,11]. FDA approv-
al was based on the results from two safety and effectiveness
non-randomized, single-arm studies that included 30 adults with
type 1 diabetes who received between one and three infusions
(NCT00566813, NCT00679042, and NCT03791567) [10,11]. At
one year, 21/30 study participants no longer required insulin,
11/30 study participants did not require insulin for between
one and five years, and 10/30 study participants did not re-
quire insulin for more than five years [10,11]. Adverse reactions
depended on the number of infusions and included fatigue,
anemia, nausea, diarrhea, and abdominal pain [10,11]. More
serious adverse reactions were associated with the method of
islet cell infusion and immunosuppressive treatment [10,11].
Lantidra differs from stem cell therapy, which is a biological
therapy. Recent concerns have been raised by transplant sur-
gery organizations requesting that the regulatory framework
for Lantidra cadaveric islets be transferred from the FDA to the
Organ Procurement and Transplantation Network (OPTN) and
the United Network for Organ Sharing (UNOS) [12].

Conclusions

The increasing global burden of type 1 diabetes has driven new
approaches to therapy, which now include the possibility of al-
logeneic pancreatic islet beta cell transplantation. Early clinical
trial data is promising, but remaining challenges require im-
proving cell harvesting and preservation and optimizing post-
transplant immune suppression regimens.

N =

Diabetes. 2022;71(8):1603-10

. Himsworth HP. Mechanism of diabetes mellitus. (The Goulstonian Lectures.). Lancet, 1939;234:171-76
. Mallone R, Halliez C, Rui J, Herold KC. The B-cell in type 1 diabetes pathogenesis: A victim of circumstances or an instigator of tragic events?

w

. Gregory GA, Robinson TIG, Linklater SE, et al.; International Diabetes Federation Diabetes Atlas Type 1 Diabetes in Adults Special Interest Group.
Global incidence, prevalence, and mortality of type 1 diabetes in 2021 with projection to 2040: A modelling study. Lancet Diabetes Endocrinol. 2022;10(10):741-60

. Schlich T. The origins of organ transplantation. Lancet. 2011;378(9800):1372-73

. Trohler U. Emil Theodor Kocher (1841-1917). J R Soc Med. 2014;107(9):376-77

. Squifflet JP, Gruessner RW, Sutherland DE. The history of pancreas transplantation: Past, present and future. Acta Chir Belg. 2008;108(3):367-78

. Kelly WD, Lillehei RC, Merkel FK, et al. Allotransplantation of the pancreas and duodenum along with the kidney in diabetic nephropathy. Surgery. 1967;61(6):827-37
. Yang L, Hu ZM, Jiang FX, Wang W. Stem cell therapy for insulin-dependent diabetes: Are we still on the road? World J Stem Cells. 2022;14(7):503-12

. NCT04786262. A phase 1/2 study to evaluate the safety, tolerability, and efficacy of VX-880 in subjects who have type 1 diabetes mellitus with impaired hypo-
glycemic awareness and severe hypoglycemia. Start date, March 29, 2021. Available at: https://classic.clinicaltrials.gov/ct2/show/NCT04786262

O 0 N o b

10. Food and Drug Administration (FDA). News Release. FDA approves first cellular therapy to treat patients with type 1 diabetes. June 28, 2023.
Available at: https://www.fda.gov/news-events/press-announcements/fda-approves-first-cellular-therapy-treat-patients-type-1-diabetes#

11. Harris E. FDA greenlights first cell therapy for adults with type 1 diabetes. JAMA. 2023 Jul 12. doi: 10.1001/jama.2023.12542. Epub ahead of print

12. Witkowski P, Anteby R, Olaitan OK, et al; Islets for US Collaborative; Cell Transplantation Committee of the American Society of Transplant Surgeons (ASTS).
Pancreatic islets quality and potency cannot be verified as required for drugs: Reflection on the FDA review of a biological license application for human islets.
Transplantation. 2021;105(12):e409-e10

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€941918-2




