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Abstract

Optimal glycemic control in kidney transplant recipients with diabetes is associated with improved
morbidity, mortality and allograft survival. Transplant options for patients with diabetes requiring
insulin therapy and chronic kidney disease who are suitable candidates for kidney transplantation
should include consideration of B-cell replacement therapy: pancreas or islet transplantation.
International variation, related to national regulatory policies, exists in offering one or both of
these options to suitable candidates, and is further affected by pancreas/islet allocation policies
and waiting list dynamics. Selection of appropriate candidates depends on patient age, co-existent
morbidities, timing of referral to the transplant center (pre-vs. on dialysis) and availability of
living kidney donors. Early referral is therefore of the utmost importance (ideally when eGFR

is <30 ml/min/1.73 m2), to ensure adequate time for informed decision making and thorough
pre-transplant evaluation. Obesity, CVD, peripheral vascular disease, smoking, and frailty are
some of the conditions that need to be considered prior to acceptance on the transplant list, and
ideally prior to dialysis becoming imminent. This review offers insights into selection of pancreas/
islet transplant candidates by transplant centers and an update on post-transplant outcomes, which
may have practice implications for referring nephrologists.

Introduction

Patients with diabetes mellitus and advanced kidney disease require special consideration
for possible B-cell replacement at the time of or following kidney transplantation. Two
established forms of B-cell replacement therapy are whole pancreas! and isolated islet cell?
transplantation. Either pancreas or islet transplantation may be performed simultaneously
with or after kidney transplantation for improving glycemic control, eliminating problematic
hypoglycemia, improving quality of life, and/or ameliorating the course of diabetes

related complications including kidney graft damage. This review aims to provide an
international perspective to these strategies with consideration for patient selection and
anticipated outcomes and proposes an algorithm for identifying individuals appropriate

for consideration of B-cell replacement therapy in conjunction with kidney transplantion.
Pancreas and islet transplantation in non-uremic patients with type 1 diabetes (T1D)
complicated by hypoglycemia unawareness has been the topic of a prior review.3
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Pancreas or Islet Transplantation

The last decade has seen a significant decline in the numbers of pancreas transplants
performed, especially pancreas after kidney transplantation (PAK) in the US and Europe.45
Possible reasons include decreased referrals due to technological advances in T1D therapy,
specifically automated insulin delivery systems, and changing demographics of potential
recipients (older age, higher BMI, more advanced cardiovascular disease). There is a higher
prevalence of obese donors which influences pancreas utilisation due to increased surgical
risks. Ironically, the increasing number of pancreata from high BMI donors may be better
suited for islet isolation and transplantation,” however, this option is not uniformly available
around the world.

At the present time pancreas transplantation provides the best long-term outcomes with
regard to insulin-independence, metabolic control, and stabilization or improvement of
secondary complications. While both pancreas and islet transplantation may be options with
T1D, whole organ pancreas transplantation is only being performed in selected individuals
with insulin-dependent type 2 diabetes (T2D). Optimal B-cell graft function is defined as
near-normal glycemic control (HbA.<6.5%) without severe hypoglycemia or requirement
for insulin or other antihyperglycemic therapy, and with an increase in C-peptide from
pre-trasplantation, while absence of clinically significant C-peptide production (<0.6 ng/mL
[0.200 pmol/mL] stimulated) may indicate a failed p-cell graft.8Additionally, OPTN/UNOS
defines pancreas graft failure as pancreas transplant removal, subsequent registration for
pancreas or islet transplant or recipient death, or as insulin requirements equal to or greater
than 0.5 units/kg/day for 90 consecutive days.®

Pancreas transplantation is typically performed intraperitoneally with arterial inflow from
the right iliac artery and the venous drainage systemically into the inferior vena cava or

the portal venous system.! The pancreatic exocrine secretions are drained enterically, and
occasionally by bladder drainage (Figure 1). Complications may include graft vascular
thrombosis (approximately 5%), reperfusion pancreatitis, hemorrhage, anastomotic leaks,
fluid collections, small bowel obstruction, and wound complications; up to 40% may need
re-operation.19 This potential surgical morbidity precludes offering pancreas transplantation
to significant numbers of patients with diabetes and advanced kidney disease. Morbidity

is greater in older patients and those who have advanced cardiovascular disease (CVD) or
peripheral vascular disease (PVD).10 Since the pancreas is preferably placed in the right
lower abdomen, the kidney should be placed contralaterally, an important consideration for
those receiving a kidney transplant alone (KTA) that may be followed by a PAK in the
future.

In contrast, islet transplantation is a relatively low risk procedure, during which purified
islet cells are infused into the portal vein either through a percutaneous transhepatic
catheter or mini-laparatomy and then engraft in the liver (Figure 1).2 11 Complications

of islet transplantation are infrequent and include portal branch vein thrombosis in <5% and
bleeding in <10% of infusion procedures if the percutaneous route is used.? In simultaneous
islet-kidney transplantation (SIK), islets are usually transplanted within 72 hours after the
kidney graft, to allow for the separation of islet infusion from induction with high-dose

Am J Kidney Dis. Author manuscript; available in PMC 2022 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kukla et al.

Page 4

glucocorticoids and/or T-cell depletion with resulting cytokine release, both potentially
detrimental to islet survival.2

Limitations to islet transplantation include the need for more than one islet infusion from
sequential donors (2-3) to achieve an adequate engrafted islet mass for insulin-independence
and maintenance of long-term metabolic control. From CITR registry data, 71% of all
recipients of islet transplantation required 2 or more islet infusions.12 Important predictors
of insulin-independence following single-donor islet transplantation are pre-transplant
insulin requirements, peri-transplant use of heparin and insulin,13 and the number of infused
islets.14-16 post-infusion hypoxia and the inflammatory response affect islet cell survival
prior to revascularization by the hepatic arterial system. The use of multiple donors may
increase the risk for sensitization against HLA. In a phase 3 single cohort study of IAK
transplantation involving 24 subjects, the rate of de novo sensitization was up to 22% (5/23)
over three years,1” similar to that reported in simultaneous pancreas-kidney transplantation
(SPK) (21.3%).18

Outcomes between receiving a pancreas or islets with kidney transplantation in T1D

were compared in a non-randomized single center retrospective analysis.1® The 5-year
insulin independence rate was higher with SPK/PAK (73.6 vs 9.3% with SIK/IAK) and
post-transplant HbA 1 levels were lower (7.8 to 5.9% vs 8.0 to 6.5% with SIK/IAK).19
Although insulin dosage could only be decreased in <20% of SIK/IAK recipients, there
was a significant improvement in HbA,. and severe hypoglycemic events were significantly
reduced to rates similar to that observed with SPK/PAK.19 Importantly, procedure related
complications were significantly less with islet compared to pancreas transplantation (re-
laparotomy 10.5% vs 41.5%, respectively), and kidney allograft function shared similar low
rates of eGFR decline in both pancreas and islet groups.1®

Regulations governing cellular product manufacturing currently limit access to islet
transplantation to clinical trials in the US. In contrast islet transplantation is performed and
reimbursed in many other countries such as Australia, Belgium, Canada, Czech Republic,
France, Italy, Japan, Netherlands, Norway, Poland, Switzerland, Sweden, and the United
Kingdom.20

Patient Selection and Assessment

In general, pancreas transplantation is considered primarily in younger patients with insulin-
dependent diabetes without major cardiovascular or surgical risks who require a kidney
transplant, while islet transplantation may be an alternative in older patients with co-existing
comorbidities. Carefully selected older recipients, however, may be considered for pancreas
transplantation, especially in countries where islet transplantation is not available.?1: 22
Older individuals may increasingly present as transplant candidates as modern approaches
to diabetes treatment and more comprehensive management of risk factors including
hypertension, hyperlipidemia and proteinuria have delayed progression to end-stage kidney
disease (ESKD) in T1D by at least 10 years compared to previously reported cohorts.
Several important factors determine patient selection, including the type of diabetes,

degree of kidney dysfunction, degree of glycemic instability and hypoglycemia, disease
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and treatment burden, magnitude of obesity and insulin requirements, and the presence of
comorbidities.

Diabetes Type—Insulin-dependent diabetes resulting from p-cell failure that may be
addressed by p-cell replacement is typically T1D, but may also include selected cases of
T2D and/or other types of diabetes characterized by decreased p-cell secretory capacity
including diabetes associated with chronic pancreatitis or pancreatectomy, cystic fibrosis,
some genetic forms of diabetes (especially type 3 Maturity Onset Diabetes of the Young:
MODY 3), mitochondrial cytopathy, etc.23 Differentiation of T2D from T1D is based on
assessment of T1D-associated autoantibodies (against glutamic acid decarboxylase [GAD],
islet-associated antigen-2 [IA-2], and zinc transporter-8 [ZnT8]) and C-peptide level. While
an undetectable or very low C-peptide (<0.3 ng/ml [0.1 nmol/I]) is consistent with T1D,
residual C-peptide production may be observed in cases of long-standing T1D, and the
presence of uremia (C-peptide undergoes renal clearance) may allow for detection of higher
than expected levels. Usually in T1D with advanced kidney disease, C-peptide levels are
<2.0 ng/ml (0.7 nmol/l), and so the presence of C-peptide >2.0 ng/ml (0.7 nmol/l) in the
absence of T1D-associated autoantibodies may be used to confirm T2D.24 While there

are no uniformly accepted guidelines for pancreas transplantation in patients with T2D,

in general patients without significant obesity (BMI <30-32 kg/m?2) or insulin resistance
(insulin requirements <1 units/kg/day) and low CVD risk are considered.?> More studies are
needed to determine which patients with C-peptide positive diabetes benefit from pancreas
transplantation.

The number of patients with T2D listed for kidney pancreas transplantation has been
steadily growing in the US, reaching 17.7% for SPK and 10% for PAK.28 In selected

T2D patients overall patient and graft survival are similar to T1D SPK recipients.2’
Surgical and infectious complications and readmissions are similar to T1D recipients, even
though BMI is typically higher in T2D recipients.28-31 Glycemic control up to 2-years
following transplantation is comparable to T1D; however, more post-transplant weight gain
is experienced in T2D recipients.3°

Kidney Function—Patients with advanced kidney disease CKD stage 4 and 5 (eGFR
15-30 and <15 ml/min/1.73 m2 or on dialysis, respectively), should be evaluated for SPK or
SIK as they can accrue waiting time once the eGFR is <20 ml/min/1.73 m2, Patients with
CKD stage 3 (eGFR between 30-60 ml/min/1.73 m2), who have very labile glycemia and/or
debilitating hypoglycemia unawareness and/or rapidly progressive diabetic complications
remain the most challenging group to manage, as they are currently not offered a pancreas
or islet transplant alone (PTA or ITA) due to the risk of accelerated kidney function decline
associated with calcineurin-inhibitor based immunosuppression after transplantation.32: 33
Patients with eGFR >45-60 ml/min/1.73 m2 may still benefit from a transplant center
evaluation, as under exceptional circumstances a PTA or ITA may be considered, granted the
risks for kidney function decline requiring imminent dialysis are understood, with plans to
follow with a living or deceased donor kidney transplant in that event.

Problematic Hypoglycemia/Hyperglycemia—Problematic hypoglycemia, defined as
two or more episodes per year of severe hypoglycemia or as one episode associated
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with impaired awareness of hypoglycemia, extreme glycemic lability, or major fear and
maladaptive behavior is the classical indication for B-cell replacement therapy in patients
with preserved kidney function.8 Patients who have experienced a severe episode of
hypoglycemia and also have impaired awareness of hypoglycemia and/or marked glycemic
lability are at significantly increased risk for experiencing future severe hypoglycemia and
mortality.3* Problematic hyperglycemia is defined by the presence of recurrent episodes of
diabetic ketoacidosis or severe, rapidly progressing secondary complications of diabetes.8
Problematic hypo- or hyperglycemia is not a pre-requisite for kidney transplant candidates to
be considered for simultaneous pancreas or islet transplantation, but may inform the decision
to proceed with pB-cell replacement therapy in KTA recipients, although it is not generally
required.20

Quality of Life—Quality of life (QoL) may be severely affected in patients with diabetes
due to the disease and treatment burden. Studies directly comparing QoL of SPK and

KTA recipients are sparse and outdated and therefore may not be applicable to the current
era with improved surgical techniques and pancreas allograft survival. Regardless, diabetes
related QoL was shown to be consistently better in SPK versus KTA,3% 36 while general
improvement in health was overall better post-transplant. Functioning pancreas allograft was
found to be an important pre-requisite to improved QoL.3” More recent studies compared
QoL pre- and post-SPK and confirmed an improvement post transplant.38-41 Improved
metabolic control was also associated with better health-related and diabetes-related QoL in
both, islet transplant alone and islet-after-kidney transplantation.1?: 42

More studies are needed in the current era of modern insulin delivery technology to
compare patient reported outcomes in pancreas versus islet transplant recipients transplanted
simultaneously with or after the kidney, as well as KTA using standardized and validated
surveys.

Obesity—Increasing BMI in transplant candidates reflects the obesity trends in the general
population as well as in T1D,*3 with approximately 20% of wait-listed pancreas transplant
candidates having BMI =30 kg/m?2.26: 44 Obesity is associated with a higher risk of early
graft loss due to graft thrombosis and technical failure as well as compromised long-term
pancreas allograft survival and increased risk of mortality.*> Weight loss may improve
transplant eligibility in candidates with both T1D and T2D and maximize the benefit-to-risk
ratio of pancreas transplantation. Bariatric surgery could be considered in individuals unable
to lose weight with diet and exercise prior to transplant listing.46 Sleeve gastrectomy

is preferred over Roux-en-Y gastric bypass due to the lower risk of kidney allograft
complications, no significant effect on the absorption of immunosuppression, and less risk of
alimentary hypoglycemia, which may be exacerbated after pancreas transplantation.* 48

Vascular Disease—CVD and PVD are common in patients with diabetes and advanced
kidney disease. Additional risks factors include dyslipidemia and smoking,*%as well
asabnormal calcium and phosphate homeostasis, oxidative stress, and inflammation present
in patients with renal failure and associated vascular calcification.>? The presence of
arterial calcification increases the intraoperative technical difficulty for re-vascularization
and correlates closely with CVD events, mortality and graft loss in pancreas (and kidney)
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transplant recipients.5! Thorough CVD disease workup prior to transplantation is required to
mitigate unexpected postoperative cardiovascular events, but local policies vary.

Frailty—Frailty is a well-recognized risk factor leading to adverse outcomes in patients

on dialysis and is associated with poor outcomes after kidney transplantation, including
impaired physical and cognitive functioning and causing higher mortality. Transplant centers
use various tools to assess for frailty and acceptance for transplantation.>2 Frail patients

are less likely to be considered for SPK due to the longer post-operative recovery and

higher risk of complications. Research is urgently needed to identify interventions that could
improve physical and cognitive functioning among frail patients that that they could be
considered for transplantation. Whether patients with frailty benefit from SIK/IAK over
SPK remains to be determined. Poor vision and severe, frequently debilitating diabetic
polyneuropathy, including autonomic instability, often present in patients with long-standing
diabetes, and add to the complexity of perioperative and post-transplant care.

Transplant Options

Patients with insulin-dependent diabetes and advanced kidney disease should preferably be
referred for evaluation for a p-cell transplant as soon as eGFR reaches <30 ml/min/1.73 m2,
especially in those with rapid kidney function decline (defined as GFR loss > 5 ml/min/1.73
m? per year) (Figure 2). Early referral is advised to ensure adequate time for informed
decision making and thorough pre-transplant evaluation, allowing for early identification
and management of mental and physical health related barriers to transplantation. Early
referrals can facilitate preemptive transplantation and therefore avoidance of debilitating
dialysis related comorbidities and increased mortality, as well as improve patient and graft
survival.53 54

Recipients with Living Kidney Donors—Successful kidney transplantation is a major
determinant of improved survival in kidney and pancreas transplant candidates, mainly

due to the reduction of cardiovascular disease (CVD) mortality, compared to remaining on
dialysis.>>: 96 Gruessner and colleagues demonstrated 4-year patient survival on the waiting
lists of 81.7% for kidney transplant recipients waiting for pancreas transplant, compared

to 58.7% for patients with renal failure waiting for a SPK transplant.>8 Hence, patients on
or close to dialysis who have a suitable living donor may benefit from proceeding with
KTA. Kidney donors and recipients who are blood type incompatible, cross-match positive
or with high donor specific antibody profiles may be transplanted through paired exchange
programs, which are being increasingly utilized worldwide.>’

KTA has a short-term advantage over SPK transplants in terms of lower surgical morbidity
and mortality.5>: 9860 |n the long term, SPK recipients have been shown to accrue a survival
benefit compared to living donor KTA recipients,>9-%2 with a reduction up to 37% of CVD-
related mortality (HR 0.63, 95% CI [0.40, 0.99]).62 However in the absence of randomized
controlled trials, these outcomes have to be interpreted cautiously, due to potential selection
bias where healthier patients receive a SPK, as well as a shorter dialysis duration due to
donor allocation policies.?9: 62
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Simultaneous Pancreas-Kidney Transplant and Simultaneous Islet-Kidney
Transplant—SPK transplant offers the benefits of a single surgical procedure and
induction immunosuppression with superior pancreas allograft outcomes, compared to

a pancreas-after-kidney (PAK) transplant.53-85 In some countries the pancreas is often
allocated with a better quality kidney allograft, due to stricter pancreas acceptance
criteria, and typically with a shorter waiting time, compared to a deceased donor KTA.56
Improvement in surgical techniques and immunosuppression have greatly prolonged
pancreas allograft survival, 87 particularly with the use of T-cell depleting antibodies as
induction therapy.> 68-70 The survival benefit in SPK is observed as early as 170 days
following transplantation compared to remaining on the wait list.”?

SPK recipients have long-term survival benefits over KTA which may be explained by

a long-term reduced risk of CVD eventsb2 and increased kidney allograft survival at 10
years.51 Pancreas allograft survival in SPK recipients at 1-year and 10-years is 89% and
75%, respectively,®1: 67. 72 and at 25 years up to 13%.73 In addition, insulin-dependent KTA
recipients have inferior kidney allograft survival at 10 years (50% vs 61% for SPK or 66%
for PAK),81 and are at increased risk of recurrent diabetic nephropathy,’* 7> demonstrated
histologically by the presence of mesangial matrix expansion in up to 64.9% of patients at 5
years post-transplant (compared to 27.1% in non-diabetic and 27.7% in non-insulin-treated
patients with diabetes).”4-76

Simultaneous deceased donor pancreas with living donor kidney (SPLK) transplant is a
potential alternative to a SPK when waiting times for a deceased donor is prolonged and a
living kidney donor is available.”’: /8 SPLK transplantation has universal and patient specific
benefits, including expanding the pool of available kidneys and potential shorter waiting
time for a deceased donor pancreas alone.””: 78 However, the logistics of coordinating a
living donor kidney operation with the simultaneous implant of a deceased donor pancreas
limits wider acceptance in countries where wait times for SPK are relatively short.” Less
commonly, a simultaneous islet-kidney (SIK) may be offered from a deceased donor,
particularly for recipients with T1D awaiting deceased donor kidney transplant who are

not candidates for, or willing to accept the risks of pancreas transplantation.20

Pancreas-after-Kidney and Islet-after-Kidney—~For patients with T1D who have
undergone successful KTA from either a living or deceased donor, a subsequent pancreas-
after-kidney (PAK) or islet-after-kidney (1AK) transplant may be an option. PAK may also
be considered for selected individuals with insulin-dependent T2D.20 PAK is usually done
in recipients who have difficulty with achieving target glycemic control and/or management
of diabetes related complications, and who are willing to accept the potential morbidity

of additional surgery. Adequate kidney allograft function, ideally eGFR at least 40-45
ml/min/1.73 m2 is needed to buffer the impact of potential perioperative pancreas transplant
complications and intensified immunosuppression on long-term kidney allograft function.80
PAK has been reported to improve kidney graft survival at 10 years when compared to KTA
(66% vs 50%, respectively)®? but results may be biased by retrospective analysis, patient
selection, and lack of a standardized insulin therapy approach in KTA recipients. As for the
pancreas allograft, survival has been reported to be inferior in PAK recipients, compared to
SPK (at 10 years 45% vs 58%, respectively),61: 63 although center variations may exist, with
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some reporting similar allograft survival between both techniques.8! Biopsying the kidney
as a surrogate marker of pancreas graft rejection in SPK has been considered a key reason
for these differences in graft survival,# though in concurrent graft biopsies in SPK only 40%
of patients presented simultaneous rejection, with 34% and 27% showing discordant kidney
and pancreas rejection.82

IAK is an alternative p-cell replacement strategy for patients with T1D and a functioning
kidney transplant — including those with early technical pancreas allograft failure after an
SPK or PAK. While insulin-independence may be inferior with islet compared to pancreas
transplantation (at 10 years 28% vs 45% in PAK),%1 8 insulin independence is observed in
38-62% at 1-year,17- 84 and islet graft survival up to 78% at 10-years.83 IAK is associated
with a significant improvement in HbA 1 to <6.0% at 1-yearl’- 83 that is maintained at
6.3% at 3-years!’ and 6.7% at 10-years,83 and further restores awareness of hypoglycemia
with a significant improvement in quality-of-life.1” While limited to 6 months follow-up,
the TRIMECO study randomized participants to ITA or IAK vs intensive insulin therapy
and confirmed HbA;; was significantly lower with islet transplantation (5.6 vs. 8.2%) with
23 of 25 subjects protected from severe hypoglycemic events compared to only 8 of 22
subjects receiving optimized medical management. Importantly, a significant improvement
in health-related quality-of-life was also confirmed in the transplant compared to insulin
group.8 Following islet transplantation, kidney allograft function remains stable,17: 83
without evidence of sensitization against the transplanted kidney despite multiple islets
infusion. Longer-term studies are needed to define the impact of islet transplant associated
sensitization on long term kidney allograft outcomes and retransplantation for allograft
failure. Whether KTA recipients with acceptable glucose control and no hypoglycemia
unawareness benefit from PAK/IAK over state-of-the-art individualized intensive insulin
therapy in terms of overall survival and prevention/decreased progression of micro- and
macrovascular complications remains to be determined.

Level of Evidence

The algorithm proposed here is based primarily on retrospective cohort studies and registry
analysis data. Studies of IAK have been conducted prospectively,1’: 8384 including under
phase 3 registration with the US Food and Drug Administration.1” One randomized clinical
trial comparing ITA and IAK to intensive insulin therapy has been carried out to date.8¢
Table 1 summarizes the most relevant studies and outcomes for each treatment alternative.
Further studies are required to evaluate differences among treatment alternatives (Box 1).

Conclusions

For patients with insulin-dependent diabetes and advanced kidney disease requiring kidney
transplantation, p-cell replacement should be considered to provide a complete spectrum

of cure for B-cell deficiency. Advances in p-cell replacement allow individualized therapy
options depending on patient priority, co-existent morbidity, and the availability of a living
kidney donor. Ideally, both pancreas and islet transplantation should be offered according to
medical condition and patient preferenceZC rather than dictated by regional availability for a
particular patient with diabetes and advanced kidney disease.
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Acronym list

BMI Body Mass Index

CITR Collaborative Islet Transplant Registry
CvD Cardiovascular disease

CAD Coronary Artery Disease

DDKT Deceased Donor Kidney Transplant
DGF Delayed Graft Function

eGFR estimated Glomerular Filtration Rate
ESKD End-Stage Kidney Disease

GAD Glutamic Acid Decarboxylase

HLA Human Leukocyte Antigens

IAK Islet-After-Kidney

1A-2 Islet-associated Antigen-2

ITA Islet Transplant Alone

KTA Kidney Transplant Alone

LDKT Living Donor Kidney Transplant
MACE Major Adverse Cardiovascular Events
MODY Maturity Onset Diabetes of the Young
OPTN Organ Procurement and Transplantation Network
PADK Pancreas after Deceased-donor Kidney
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PAK Pancreas-After-Kidney

PALK Pancreas After Living-donor Kidney

PTA Pancreas Transplant Alone

PVD Peripheral Vascular Disease

QoL Quality of Life

SIK Simultaneous Islet-Kidney

SPK Simultaneous Pancreas-Kidney

SPLK Simultanous deceased donor Pancreas with Living donor Kidney
SRTR Scientific Registry of Transplant Recipients
TiD Type 1 Diabetes

T2D Type 2 Diabetes

us United States

ZnT8 Zinc Transporter-8
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Box 1.

Future Research

« Benefits of early (€GFR >20 ml/min/1.73 m?) SPK transplant in patients with impaired kidney function
and rapidly progressive diabetic complications and/or problematic hypo- and hyperglycemia despite advanced
automated insulin delivery system.

« Patient survival and micro- and macro-vascular diabetic complications in PAK recipients as compared to
KTA on an advanced automated insulin delivery systems.

« Kidney allograft survival in PAK recipients as compared to KTA on advanced automated insulin delivery
systems.

« Outcomes of pancreas versus islet transplantation in patients with C-peptide positive diabetes; appropriate
selection of candidates for degrees of insulin resistance.

« Assessment of pancreas insulin secretory reserve in patients with type 2 diabetes and advanced chronic
kidney disease.

« Preservation of renal function in PTA/ITA recipients with diabetic kidney disease.

« Surgical pancreas transplant related morbidity and long-term outcomes in high risk recipients-e.g. age >55
years, frailty or significant physical impairment, advanced cardiovascular and peripheral vascular disease, etc.

« Pancreas allograft outcomes in SPK recipients as compared to the solitary pancreas transplant in terms of
alloimmune rejection, autoimmune recurrence, and graft survival.

 Long-term risk of sensitization with islet transplantation in IAK recipients.

« The impact of CMV disease and its prevention on pancreas and islet transplant outcomes.

« Organ donor allocation for pancreas versus islet transplantation.

« Randomized studies evaluating efficacy of less nephrotoxic and diabetogenic immunosuppression.
« The impact of recipient prehabilitation strategies on long term outcomes.

« Organ preservation strategies to reduce ischemia reperfusion injury and optimize isolated islet yields and
function.

« Comparison of patients reported outcomes between SPK, SIK and KTA recipients, as well as between PAK,

IAK and KTA recipeints.

eGFR - estimated Glomerular Filtration Rate; IAK- islet after kidney; ITA — Islet Transplant Alone; KTA-
kidney transplant alone, PAK — Pancreas after kidney; PTA — Pancreas Transplant Alone; SPK — Simultaneous

Pancreas-Kidney.
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ADVANTAGES

Improved long-term
patient survival**
(Compared to KTA)

Long-term
Insulin-independence?®
(Up to 75% at 10years)

Lower risk of MACE*¥
(Compared to KTA)

Improved QoL*¥
(Improvement in Health-
-related QolL)

Minimally invasive procedure®
(Potential benefit in
older patients and those
with established CVD)

Long-term graft function*
(Up to 75% at 10 years with
improved glycemic control)

Improved QoL*®
(Improvement in IAH in up to
100% of patients at 3 years)

Figure 1 —.

Page 18

DISADVANTAGES

Surgical risk**
(e.q. bleeding, leaks, fistulas)

Early graft failure
(Thrombosis and pancreatitis
are the leading causes;
incidence up to 8%)

Contraindication due
to technical reasons
(Potencial candidates
ineligible due to vascular
disease/iliac artery
calcification)

Insulin-independence$®
(only up to 53% at 5 years)

Multiple donors#

(more than one pancreas often
required to achieve sufficient islet
engraftment following
transplantation)

Sensitization risk*$
(requirement of multiple donors
may increase sensitization)

Diagram of clinical p-cell replacement treatment alternatives, highlighting major advantages

and disadvantages of each procedure.

* Data from observational retrospective single center non-randomized or registries studies.

$ Data from randomized clinical trials

¥ Compared to Kidney Transplant Alone
# Compared to islet transplantation

& Compared to Pancreas Transplantation

BMI - Body Mass Index; CVD — Cardiovascular disease; IAH — Impaired hypoglycemia
awareness; KTA — Kidney Transplant Alone ; MACE — Major Adverse Cardiovascular

Events; QoL — Quality of Life
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Transplant options for patients with diabetes* and advanced kidney disease |

v

Early pre-dialysis referral to transplant center for assessment (eGFR <30 mL/min per 1.73m?)

T

I Pancreas candidate I

Yes

Expected long waiting time
Available live donor

(direct or through pair exchange program)
Patient preference for LDKT

Pancreas transplant contraindication due to:
High morbidity (CVD, PVD, frailty etc.) and/or older age **

[ No | Yes

SPK LDKT

v

Obesity and|/or high insulin

requirement *** m

Problematic hypoglycemia/hyperglycemia
Progressing diabetic complications
Adequate kidney function

Patient choice

| Kldnexalone | SIK
Has live No live
donor donor
v +
| LDKT || DDKT |
v &

<—| Reassess |<-|- Improved morbidity |

Low morbidity High morbidity
T1D and select T2D Non-obese T1D
PAK IAK
Figure 2 —.

Advanced automated
insulin delivery (T1D)

Practical decision making algorithm for B-cell replacement in patients with insulin-
dependent diabetes and advanced kidney disease.

CVD - Cardiovascular Disease; DDKT — Deceased Donor Kidney Transplant; eGFR —
estimated Glomerular Filtration Rate; IAK — Islet-After-Kidney; LDKT — Living Donor
Kidney Transplant; PAK — Pancreas-After-Kidney; SIK — Simultaneous Islet-Kidney; SPK —
Simultaneous Pancreas-Kidney; PVD — Peripheral Vascular Disease.
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