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Abstract: Type 1 diabetes mellitus is an autoimmune disorder of the endocrine pancreas that
currently affects millions of people in the United States. Although the disease can be managed
with exogenous insulin administration, the ultimate cure for the condition lies in restoring a
patient’s ability to produce their own insulin. Islet cell allotransplantation provides a means of
endogenous insulin production. Though far from perfected, islet transplants are now a proven
treatment for type 1 diabetics. However, proper patient selection is critical for achieving optimal
outcomes. Given the shortage of transplantable organs, selecting appropriate candidates for whom
the procedure will be of greatest benefit is essential. Although many of those who receive islets
do not retain insulin independence, grafts do play a significant role in preventing hypoglycemic
episodes that can be quite detrimental to quality of life and potentially fatal. Additionally, islet
transplant requires lifelong immunosuppression. Antibodies, both preformed and following islet
infusion, may play important roles in graft outcomes. Finally, no procedure is without inherent
risk and islet transfusions can have serious consequences for recipients’ livers in the form of both
vascular and metabolic complications. Therefore, patient-specific factors that should be taken
into account before islet transplantation include aims of therapy, sensitization, and potential
increased risk for hepatic and portal-venous sequelae.
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Introduction

Type 1 diabetes mellitus (DM1) affects nearly three million Americans.' It is a chal-
lenging disease to manage, often requiring complex medical regimens and significant
effort from both the clinician and the patient. DM1 is characterized by autoimmune
destruction of insulin-producing beta cells. The first manifestation of beta cell loss is
loss of first-phase insulin secretion (peak levels of insulin in the minutes following a
glucose challenge) and is then followed by widespread destruction of beta cells and
persistent occurrence of hyperglycemia.? This destruction is mediated by a host of
immune factors, including beta-cell autoantigens, dendritic cells, macrophages, B
lymphocytes, and T lymphocytes.® The resulting insulin deficiency causes a state of
glucose dysregulation, requiring exogenous insulin administration and careful glucose
monitoring. Despite optimal therapy, however, a subset of patients still experience
unmanageable and unpredictable fluctuations in their blood glucose.*

The two most promising techniques for restoring endogenous insulin production
have been whole pancreas transplantation and islet-cell transplantation. Islet transplant
is significantly less invasive than pancreatic transplant and has been shown to signifi-
cantly reduce the burden of exogenous insulin requirement. Islet transplantation has
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also been shown to slow or even halt the progression of seri-
ous diabetic sequelae such as cardiovascular complications,
retinopathy, nephropathy, and neuropathy.>®

In islet transplantation, pancreatic tissue from a donor
is processed and islet cells are isolated. A single healthy
human pancreas can contain 4—15 million islets.” Isolation
and purification is done using a combination of enzymatic
tissue digestion as well as mechanical agitation. The yield
and purity of islets remains highly variable with some studies
showing an islet equivalents count ranging from 100,000 to
300,000 per pancreas (islet equivalent: a standardized value
of islet volume).® The isolated cells are then injected into
the hepatic portal system of the recipient with the aim of
producing a viable donor islet-cell population in the liver.

To establish an islet population capable of producing
enough insulin for clinical effect, a large number of these
cells (>5,600 islet equivalents/kg) must be transplanted.’
Post-transplant, the C-peptide level is used as a marker for
graft survival as its production often outlasts insulin indepen-
dence and overall clinical effect of the transplant. Oftentimes
patients require multiple infusions from multiple donors
over time to achieve sufficient endogenous insulin produc-
tion. A drawback of this method is the chance of recipient
sensitization, as they are exposed to such a large number
of donor antigens.’ Thus, the ideal method is one infusion
of islets from one single donor. Additionally, limiting the
number of required islet transfusions helps mitigate the cost,
improves access to transplantation, and limits the burden of
this procedure over time.

Not all patients with DM1 are good candidates for islet
cell transplantation. For example, characteristics such as
glucose lability, preexisting insulin resistance, obesity, sen-
sitization, and the presence of beta-cell autoantibodies affect
the success and appropriateness of this intervention. Given
the limits of islet availability and the significant burden that
comes with receiving a transplant, selecting appropriate can-
didates for islet transplantation is essential. Here, a number
of important aspects and considerations in patient selection
for islet transplantation are reviewed.

Brief history of islet transplantation

The knowledge that pancreatic dysfunction causes a syn-
drome similar to DM1 dates back to 1889 when von Mer-
ing and Minkowski discovered that pancreatectomy lead to
hyperglycemia, ketoacidosis, and death.!® Despite significant
improvements in the understanding of DM1 throughout the
20th century, it was not until 1977 that the development of a
clinically successful cellular replacement therapy emerged.

Using the newly discovered azathioprine and corticosteroids
as immunosuppression, Najarian et al described the first suc-
cessful islet cell transplant.!! Three years later, Largiadér et
al demonstrated the first case of insulin independence after
islet allotransplantation.'> Overall, however, outcomes from
islet transplantation remained significantly worse than those
of solid organ transplantation until the description of the so-
called Edmonton protocol in 2000.'

This landmark protocol provided a standardized proce-
dure by which islet transplantation could be safely and effec-
tively performed and could dramatically improve outcomes.
In particular, the two most notable changes introduced by
the Edmonton protocol were the use of multiple islet trans-
plantations to increase the mass of cells provided, as well as
shifting immunosuppression away from steroids and using
low-dose anti-interleukin 2 and sirolimus to minimize beta-
cell toxicity. Since the Edmonton protocol, significant work
has been done to improve islet transplantation.'* Despite this,
islet transplant remains relatively rare, with only 44 islet
transplant centers currently active in the world.”> As islet
transplantation becomes more common and more centers
begin adopting it as a therapy for type 1 diabetics, the need
for defining optimal recipient characteristics becomes ever
more important.

Patient selection

Like any surgical procedure, islet transplantation carries
inherent risks. Additionally, the postoperative immunosup-
pressive regimen can cause significant morbidity and lifestyle
challenges. Therefore, appropriate selection of candidates
is paramount. The following paragraphs address common
considerations for evaluating which patients would benefit
most from single donor islet transplantation. Common indi-
cations and exclusion criteria for islet transplantation are
summarized in Box 1.

Labile diabetes

The goal of islet and pancreas transplantation is to eliminate
the requirement for exogenous insulin in type 1 diabetic
patients. However, 5-year insulin independence has been
difficult to achieve. Currently 82% of patients receiving
pancreas transplant are insulin independent at 1 year and
58% at 5 years.'¢ Islet transplantation has been less success-
ful at providing durable insulin independence, with only
66% of patients remaining off insulin at 1 year, and 44%
at 3 years."” Interestingly, in a number of recent studies,
patients who received islet transplants but failed to remain
insulin independent had significantly reduced incidence
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Common indications for islet transplantation

Type 1 diabetes for >5 years

Negative stimulated C-peptide level

Hypoglycemic unawareness

Severe hypoglycemic episodes despite optimal therapy
Glycemic lability

Common exclusions for islet transplantation

Severe cardiovascular disease

Insulin resistance

GFR <80

Portal hypertension

Active or chronic hepatitis B or C

Inability to comply with immunosuppression

Box | Common indications and exclusions for islet transplantation.
Abbreviation: GFR, glomerular filtration rate.

of hypoglycemic events post-transplant.'® This was most
recently demonstrated in a phase 3 trial by the Clinical Islet
Transplantation Consortium.' This trial demonstrated that
patients had a 93% probability of being free from hypoglyce-
mic events at 2 years post-transplant. Though islet transplant
is less successful than pancreas transplantation at maintaining
insulin independence, these findings suggest a role for islet
transplant in patients with labile diabetes. In other words,
this therapy could best serve those patients whose greatest
impediment to a normal life is not insulin administration, but
unpredictable and often debilitating hypoglycemic episodes
and hypoglycemic unawareness.

The volume of infused islets correlates to the duration
of insulin independence post-transplant.” Therefore, a bar-
rier to islet transplantation has been the need for recurrent
islet infusions due to decreasing graft function over time.?"*
However, a French study of 23 patients showed preserved
hypoglycemic protection despite decreasing allograft func-
tion as measured by the -score (a validated score for describ-
ing overall graft function).”?* In other words, transplanted
patients were protected against hypoglycemic events despite
decreasing allograft function over time. Subsequent trials
have been consistent with this finding. In a study of 12 islet
recipients, for example, Rickels et al reported dramatic and
durable reduction in glycemic variability despite the fact
that many of the patients did not remain insulin independent
over time.? One explanation for this finding is that in many
patients with progressive graft-failure, some latent C-peptide
production persists. This production of C-peptide indicates
that beta cells, though small in number, continue to survive
and protect against hypoglycemia by stimulating glucagon
production in nearby alpha cells via a paracrine pathway.?

It would seem, therefore, that single donor islet trans-
plantation can be used instead of the traditional multiple
infusions for patients whose primary goal is reduction of
glycemic variability and hypoglycemic unawareness. This
would ultimately provide significant lifestyle benefit for
brittle diabetics and expand the donor pool for those patients
who would benefit from this therapy. Though these results
are quite promising, it must be noted that the majority of the

aforementioned trials have been very small. Further study
with large prospective trials will reveal whether the initial
findings are in fact applicable to the general population of
type 1 diabetic patients.

Immunity

Two immune mechanisms are responsible for graft loss
in islet transplant patients: 1) destruction of transplanted
islet cells by the same mechanism that destroyed the native
insulin-producing cells — autoantibodies; 2) graft loss due
to rejection from alloimmunity. Both cellular and humoral
mechanisms have been implicated in graft destruction of
transplanted islet cells. Cellular immunity has been difficult
to study given the inherent difficulty of sampling engrafted
islets in the recipient liver. As such, humoral immunity and
in particular antibody assays have been the primary area of
focus. Though autoantibodies lead to the initial destruction
of the islets in DM1, studies have found that pre-transplant
autoantibody titers are only weakly associated with graft
survival and overall outcomes.?’

Although the presence of these autoantibodies pre-
transplant are poorly predictive of graft loss, activation of
these autoimmune pathways post-transplant is associated
with graft loss and eventual failure.® A study by Piemonti
et al, for example, showed that a statistically significant rise
in anti-glutamic acid decarboxylase or anti-islet antigen 2
autoantibodies (antibodies primarily responsible for beta
cell loss in DM1) resulted in a significantly increased risk
of graft failure when compared to those without a rise in
those antibodies with a relative risk of graft failure of 5.3.7
Furthermore, those patients who experienced an increase in
autoantibody titer had a shorter median time to graft failure
when compared to those who did not experience autoanti-
body increases.

Although autoimmunity is a significant aspect of DM1,
islet transplantation, like most other types of transplant, is
also challenged by the issue of alloimmunity or the body’s
reaction against foreign antigens. In addition to studying
autoantibodies, Piemonti et al examined how donor-specific
alloantibodies (DSA) affected graft failure in islet recipients.
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The relative risk of developing graft failure in those patients
with a rise in DSA, despite adequate immunosuppression,
was 5.12 when compared to those without a rise in DSA.
Risk factors for increased DSA included multiple islet infu-
sions, human leukocyte antigen (HLA) class I or Il mismatch,
or pre-transplant DSA. Additionally, DSA was higher in
regimens where anti-thymocyte globulin was used for induc-
tion and mycophenolate mofetil was used for maintenance
immunosuppression. The groups in which DSA remained low
were those in which induction was done using an anti-CD25
antibody, and where sirolimus or tacrolimus were used for
maintenance.?’

It is clear that immunity plays a significant role in islet cell
transplant outcomes. DM1 is unique in that autoantibodies
play a role in the initial disease pathogenesis and also seem
to affect the success of islet transplantation. It is surprising
that preformed autoantibodies are only weakly associated
with outcomes and that significant negative effects were
noted when those antibodies increased post-transplant.
Preformed autoantibody titers, therefore, are difficult to
use for predicting who will and will not have a successful
outcome. Currently, HLA matching is not performed in islet
transplantation.?? However, HLA mismatch was associated
with increased DSA and graft failure. A strategy for outcome
improvement could include matching donor and recipients
with HLA II match and HLA 1 mismatch. This would theo-
retically prevent autoimmune destruction through HLA I and
limit the development of DSA and panel reactive antibody
reactivity to class Il antigens. Immunity remains a significant
challenge to islet transplant outcomes, and further study will
be required to characterize optimal patient—-donor matching
characteristics and develop improved immunosuppression
that limits toxicity to engrafted islets.

Special considerations

Like any other procedure, islet transplantation is not with-
out risk of complications. One of the particular risks of
this therapy comes from the portal vein infusion process. A
number of studies have shown that portal vein hypertension,
thrombosis, or infarction of the liver can all occur as a result
of'islet infusion. Rates of thrombosis range from 0% to 3.9%,
and the risk of bleeding is even higher, ranging from 0% to
6.5%.333 At least one group performing islet transplants
has been preferentially cannulating only the left branch of
the portal vein to facilitate future resection should serious
complications of the infusion arise.** Given that islet infusion
poses a risk to hepatic vasculature, some have proposed that
there is an upper limit to the number of safe islet infusions

that should be done.** This risk must be balanced with the
goals of transplantation, one of which being insulin indepen-
dence, which is better achieved with multiple islet infusions.

In addition to causing vascular insult, islet infusion may
also lead to hepatic steatosis. First found in animal models,
it has only been recently shown that this occurs in humans
after transplantation.* Various groups have started assessing
for steatosis in their postoperative cohorts using a variety of
imaging modalities, most notably ultrasound and MRI.363
In these studies, rates of fatty liver post-transplant have
ranged from 17% to 24%. There was no correlation between
HbA1c or body mass index and steatosis post-transplant in
either study. Fat deposition tends to be transient and can vary
widely throughout a patient’s course. Interestingly, some
patients with fat deposition tend to have better graft func-
tion, as defined by superior beta scores compared to their
non-steatotic counterparts. Graft function tends to diverge
late (40+ months), those with steatosis experiencing faster
rates of graft exhaustion and increased islet loss.*® This find-
ing is not universal, however, as at least one group has found
contradictory data.

Steatosis of hepatic parenchyma is a cornerstone of non-
alcoholic fatty liver disease (NAFLD). The disease is more
often associated with diabetes mellitus type 2 but is seen in
those with type 1 at higher incidences than the general popu-
lation. This association has been correlated to increased risk
of heart disease and chronic kidney disease in these type 1
diabetics.* The ramifications of this finding may be twofold
with regard to islet transplantation. 1) Although it is well
understood that diabetes in and of itself causes heart disease
and kidney dysfunction,” islet grafts that cause steatosis
may in turn also lead to increased rates of heart and kidney
disease. 2) That steatosis caused by islet infusion is associ-
ated with shorter graft-survival times. Although steatosis in
islet transplant is only just beginning to be studied, it may
hold that preexisting steatosis such as that caused by NAFLD
may also speed graft loss. Therefore, it could be that those
with preexisting heart disease, kidney disease, or NAFLD
are far less likely to benefit from islet transplant despite the
fact that the progression of these diabetic complications are
slowed by islet transplantation. Though a speculation at this
time, this hypothesis warrants further study as the findings
may directly impact proper patient selection.

Conclusion

Though great strides have been made in islet transplanta-
tion, the treatment often falls short in its goal of produc-
ing durable, life-long insulin independence. Achieving
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long-term success with single donor islet transplantation
has been difficult due to the smaller number of islets
transplanted. Indeed, it has been shown that overall dura-
tion of graft survival is predicted by initial graft success.*
Long-term insulin independence has largely been achieved
by infusing a large number of islets from multiple donors.
Despite its shortcomings in terms of transplanted islet mass
and insulin independence, single-donor islet transplant still
provides significant benefit for a specific patient popula-
tion: brittle diabetics. Hypoglycemic events are a source of
great morbidity and mortality; these episodes can largely be
avoided with islet transplant even if insulin independence is
never achieved, thus providing security and improved qual-
ity of life to recipients.* Additionally, rejection remains one
of the greatest barriers to long-term graft survival. Data are
beginning to emerge with regard to the role of recipients’
auto- and alloimmune responses to grafts. So far, these
factors have been difficult to apply to patient selection.
With further study, knowledge of the immune processes
specific to islet transplantation will allow superior patient—
donor matching and decrease the need for postoperative
immunosuppression. Some current work has focused on
reducing the exposure of transplanted islets to the recipient
immune microenvironment by methods such as local drug
release and cellular encapsulation.*** Stem cell strategies
for type 1 diabetes have also been considered, as obtaining
sufficient beta cells for transplantation remains a significant
barrier to success. Results have been mixed, but stem-cell
therapy remains a promising hope for cure.*

The majority of studies examining islet transplantation
have been small and generally lacking in power. As this
therapy continues to improve and become more common,
larger studies will be able to better characterize the important
factors related to patient selection. What can be concluded
now, however, is that islet transplantation remains an opti-
mal therapy for patients with brittle diabetes and difficult-to
predict hypoglycemic events.
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