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Abstract This report summarizes a 5-year phase 1/2

allogeneic islet transplantation clinical trial conducted at

the University of Illinois at Chicago (UIC). Ten patients

were enrolled in this single center, open label, and pro-

spective trial in which patients received 1–3 transplants.

The first four subjects underwent islet transplantation with

the Edmonton immunosuppressive regimen and the

remaining six subjects received the UIC immunosuppres-

sive protocol (Edmonton plus etanercept and exenatide).

All 10 patients achieved insulin independence after 1–3

transplants. At 5 years of follow-up, 6 of the initial 10

patients were free of exogenous insulin. During the follow-

up period, 7 of the 10 patients maintained positive

C-peptide levels and a composite hypoglycemic score of 0.

Most patients maintained HbA1c levels \6.0 %

(42.1 mmol/mol) and a significantly improved b-score. In

conclusion, this study demonstrated long-term islet graft

function without using T cell depleting induction, with an

encouraging outcome that includes 60 % of patients

remaining insulin independent after 5 years of initial

transplantation.

Keywords Type 1 diabetes � Islet transplantation �
Immunosuppression � Insulin independence

Abbreviations

UIC University of Illinios at Chicago

MMF Mycophenolate mofetil

IEq Islet equivalents

CITR Collaborate islet transplant registry

TNF Tumor necrosis factor

GLP-1 Glucagon-like peptide-1

MMT Mixed meal test

OGTT Oral glucose tolerance test

IVGTT Intravenous glucose tolerance test

GST Glucagon stimulation test

UACR Urine albumin and creatinine ratio

Introduction

Islet transplantation represents a minimally invasive ther-

apy for type 1 diabetic patients [1, 2]. Short-term benefits

include insulin independence, normal or near-normal

hemoglobin A1c (HbA1c) levels, a significant decrease in

severe hypoglycemic (HYPO) episodes, and a return of

hypoglycemic awareness.

While the insulin independence rate 1 year post-trans-

plant has more than quadrupled since the Edmonton pro-

tocol was introduced [3, 4], the long-term therapeutic value

remains unclear. Beyond 1 year post-transplant, insulin
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independence declines. Only 10 % of patients from the

original Edmonton protocol study maintained insulin

independence at 5 years [5]. Since this time, the collabo-

rative islet transplant registry (CITR) has reported

encouraging trends, including an insulin independence rate

of 44 % at 3 years [3]. Recently, Bellin et al. [6] reported

5-year insulin-independence rates reaching 50 % in

patients who received FcR nonbinding anti-CD3 antibody

alone or T cell depleting antibodies and TNF-a inhibition,

indicating the importance of adequate immunosuppression

for long-term graft survival. While improvements have

been noted in more recent years, the steady functional

decline over time remains an unfortunate clinical reality.

Proposed responsible factors include alloimmune rejection

[7–9], autoimmune recurrence [10, 11], immunosuppres-

sive drug toxicity [12–14], and nonimmunologic factors

including an inadequate transplanted mass of high-quality

islets [15, 16].

In order to overcome the multifaceted challenges in islet

transplantation, reports of long-term follow-up after islet

transplantation in current clinical trials are of importance.

Herein, we report the results of a 5-year phase 1/2 clinical

trial in 10 patients with type 1 diabetes who underwent islet

transplantation at the University of Illinois at Chicago

(UIC). The goal of this trial was to test a strategy to achieve

insulin independence with a lower initial islet mass,

through the use of a tumor necrosis factor (TNF) -a
receptor antagonist (etanercept, Enbrel�) and a glucagon-

like peptide-1 (GLP-1) analog (exenatide, Byetta�), and

without the use of T-cell depleting induction therapy. We

have previously reported that the addition of exenatide and

etanercept to the Edmonton protocol is associated with a

significantly lower number of islets required to achieve

insulin independence, during a 15-month follow up [17]. In

patients that displayed declining islet graft function, we

tested whether additional islet infusions over time could

prolong insulin-independence. The current study extends

our previous report and provides detailed long-term data on

the transplant outcomes of these 10 subjects.

Methods

Islet isolation and transplantation

Donor selection and the procedures of islet isolation and

transplantation have been previously described [17–20].

Subjects were eligible for further transplant if by the end of

the fourth week after the first islet infusion or by the end of

the fourth week after the second islet infusion they do not

meet insulin-independence criteria [21], or HbA1c

increased over 6.5 % (47.5 mmol/mol) [22] (three patients

required a supplemental islet infusion after the initial study

period). Two immunosuppressive protocols were utilized

in this clinical trial, as outlined in Fig. 1a.

Edmonton protocol (patients 1–4): Daclizumab (Zenap-

ax�, Roche Laboratories Inc.), sirolimus (Rapamune�,

Wyeth Laboratories), and tacrolimus (Prograf�, Astellas)

[4].

UIC protocol (patients 5–10): Etanercept and exenatide,

in addition to the Edmonton protocol. Patients received

etanercept 50 mg intravenously before each islet infusion

and 25 mg subcutaneously at 3, 7, and 10 days after each

islet infusion. Exenatide 5 lg was administered subcuta-

neously twice daily for 1 week within 60 min before or

after the morning and evening meals. If tolerated well, the

dose was increased to 10 lg twice daily for a total of

6 months after each islet infusion. In the case of adverse

effects due to immunosuppressive medication, patients

were converted to a modified UIC immunosuppression

protocol: tacrolimus, mycophenolate mofetil (MMF), and

daclizumab. Four of the six patients from the UIC protocol

and one patient from the Edmonton protocol were con-

verted to the modified protocol after an average follow-up

period of 22 months and 4 years after first transplant,

respectively.

Parameters to assess islet graft and renal function

Insulin-independence: The absence of exogenous insulin

injection, with fasting glucose levels[140 mg/dL no more

than three times per week and 2 h post-prandial glucose

levels [180 mg/dL no more than four times per week.

C-peptide positive: The presence of measurable levels

([0.1 ng/mL).

HbA1c: Values \6.0 % (42.1 mmol/mol).

Mixed meal test (MMT): Blood glucose concentration

\180 mg/dL, 90 min after ingesting Boost� 6 mL/kg body

weight.

Oral glucose tolerance test (OGTT): Blood glucose con-

centration \140 mg/dL, 2 h after ingesting 75 g glucose

was considered normal. Blood glucose concentration

140–199 mg/dL was considered impaired and[199 mg/dL

was considered diabetic.

Intravenous glucose tolerance test (IVGTT): The acute

insulin response to glucose (AIRg) was defined as the mean

of the first 5-min insulin values after the glucose injection

with the basal values subtracted [23].

Glucagon stimulation test (GST): C-peptide increase

[100 %, 6 min after 1 mg glucagon intravenous injection.
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HYPO score: A composite hypoglycemic score, devised

by Ryan et al. [24] was calculated annually. A score of 0

indicated the absence of hypoglycemic events.

b-score: Scoring, described by Ryan et al. [25], ranges

from 0 to 8, with 0 indicating the absolute absence of b-cell

function.

Insulin Dependent Insulin Independent Tx #2 Tx #3

P1 (54.9) 11,241 6,798 6,942 24,981

P2 (66.0) 6,136 8,621 0 14,757

P3 (60.7) 7,413 6,128 0 13,541

P4 (61.7) 11,604 17,731 14,927 44,262

P5 (71.4) 5,840 0 0 5,840

P6 (61.8) 6,180 7,309 0 13,489

P7 (60.0) 10,583 10,550 6,300 27,433

P8 (62.0) 7,273 0 0 7,273

P9 (66.3) 7,884 0 0 7,884

P10(58.6) 13,318 7,269 8,096 28,683

Tx #1 Total 
IEQ/kg 

P (BW, kg)

a

b

Fig. 1 a Summary of immunosuppressive protocols across transplant

recipients and patient status throughout the 60-month follow-up

period. b Overview of insulin status following islet transplant(s) for

each patient. The quantity of islets transplanted is expressed as islet

equivalent (IEQ)/kg for each transplant and cumulative, if more than

one transplant
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Renal function: Serum creatinine and 24-h urine albumin

and creatinine levels were measured, and the urine albumin

and creatinine ratio (UACR) was calculated. The normal

range of UACR is \30 mg/g [26].

Liver function tests: Values of 0–1.2 mg/dL for total

bilirubin, 40–125 u/L for alkaline phosphate, 10–40 u/L

for AST, and 10–50 u/L for ALT.

Antibody measurements: Alloantibodies were assessed by

flow cytometry measurement of HLA Class I and II panel

reactive antibodies (One Lambda Inc, Los Angeles, CA).

Anti-islet cell antibodies were assessed by indirect immuno-

fluorescence (normal titers\1:4), and anti-GAD antibodies by

radioimmunoassay (normal values 0–70 mGAD-U/mL).

Statistical analysis

Raw data were presented for each patient. When data were

summarized across patients, they were expressed as

mean ± SD. Comparisons were performed using Student’s

t test for unpaired data and paired t tests for paired data. A

p value \0.05 was considered statistically significant.

Results

Islet transplant recipients

The number of islet transplants and the total IEQ/kg for

each patient are summarized in Fig. 1b. The patients under

the UIC protocol required fewer islets to achieve insulin-

independence [17]. However, during the 5-year follow up,

three patients in the UIC protocol required supplemental

islet infusions to maintain insulin-independence, and the

difference between the Edmonton and UIC protocols in

total IEQ/kg transplanted vanished (24,385 ± 14,209 vs.

16,414 ± 9,423, p = 0.85).

Islet graft function

Insulin independence and C-peptide positive status: At

least two transplants were conducted for each of the four

patients in the Edmonton protocol to achieve insulin

independence (Fig. 2). Within the UIC protocol, all six

patients achieved insulin independence after the first

transplant and five of the six patients maintained inde-

pendence at the study end. Patient 6 required one additional

transplant and Patients 7 and 10 required two additional

transplants to maintain insulin independence. C-peptide

concentrations were undetectable in all patients before

transplant (\0.1 ng/mL basal and stimulated). However, all

patients had detectable C-peptide concentrations ([0.1 ng/

mL) at 6 months after first transplant and maintained

detectable levels throughout the study (Fig. 2).

Metabolic assessment: Before transplantation, patients in

the Edmonton protocol presented with significantly lower

HbA1c levels than patients in the UIC protocol (6.5 ± 0.6

vs. 7.9 ± 1.2 %, 47.5 ± 7.1 vs. 62.8 ± 13.2 mmol/mol;

p = 0.045) [17]. After transplantation, HbA1c levels were

restored to normal levels (\6.0 %; 42.1 mmol/mol) within

6 months in all but one patient (Fig. 3a, b). Most patients

maintained normal levels throughout that period, except for

a b

Fig. 2 Fasting C-peptide levels before and after transplantation. C-peptide levels of transplant recipients over the 5-year follow-up period,

according to transplant protocol. a Edmonton protocol (n = 4); b UIC protocol (n = 6)
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Patients 3 and 7, who presented with elevated HbA1c

levels at 5 years.

Metabolic test results are summarized in Table 1. MMT:

Before transplant, all patients presented with diabetic

response to MMT. 6 out of 7 patients presented with non-

diabetic MMT at 1 year. At the study end, Patients 3 and 7

presented with diabetic response, despite expressing lower

blood glucose levels than before transplant. OGTT: At

1 year, Patients 2 and 10 demonstrated normal response. At

5 years, Patients 9 and 10 presented with normal response.

All other patients presented with either impaired or diabetic

responses. IVGTT: Patients 6, 8, and 10 demonstrated a

normal AIRg at 1 year after last transplant. Only Patient 10

continued to demonstrate normal IVGTT response at the

study end. GST: Before transplant, all subjects demon-

strated a diabetic response in the GST. All patients showed

an increase in C-peptide at both 1 and 5 years. Patients 7,

8, 9, and 10 demonstrated C100 % increase at 1 year, and

Patients 9 and 10 demonstrated C100 % increase at

5 years. Patients 2 and 3 demonstrated low baseline and

stimulated C-peptide levels (\1.0 ng/mL) at 5 years.

Patient 7 declined to test OGTT at 1 and 5 years and GST

at 5 years, and Patients 7 and 8 declined to test IVGTT at

5 years.

HYPO score and b-score: After 5 years post-transplant,

all patients had a HYPO score of 0 (Fig. 3c). The average

score pre-transplant, for the seven patients with 5-year

follow-up, was 824.4 (range 71–2,668) [17]. The average

b-score in this group was 1.3 ± 0.8 before transplantation.

The b-score significantly improved at 1 year after last

transplant (7.4 ± 0.8, p \ 0.001), and remained improved

at 5 years (6.7 ± 1.3, p \ 0.001; Fig. 3d).

a

c

b

d

Fig. 3 HbA1c levels before and after transplantation (a, b). HbA1c

levels of transplant recipients over the 5-year follow-up period,

according to transplant protocol. a Edmonton protocol (n = 4); b UIC

protocol (n = 6). Indirect assessments of islet graft function (c HYPO

Score; d b-score)
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Adverse events

Throughout the 5-year follow-up period after transplant, a

total of three patients were withdrawn. Patient 1 was

withdrawn due to localized breast cancer diagnosis

18 months after first transplant. Patient 4 experienced graft

rejection and received whole pancreas transplant; she was

removed from the study at 30 months. Patient 5 was

withdrawn at 18 months due to the development of diabetic

myonecrosis on her neck [27].

Renal function: Serum creatinine levels remained stable,

at values less than 1.5 mg/dL, in all patients throughout

their follow up period, except for Patient 8 (Fig. 4a, b).

Within the Edmonton protocol (Fig. 4c), Patient 2 pre-

sented with wide-ranging UACR fluctuations (maximum of

1,709 mg/g) and Patient 3 presented with UACR values

under 100 mg/g during the 5-year period. Within the UIC

protocol (Fig. 4d), four out of six patients (Patients 7–10)

presented with relatively stable UACR values and had

values \30 mg/g at the study end. Patient 6 demonstrated

an elevated value (482 mg/g) at 30 months, which

decreased to 90 mg/g at the end of 5-year follow up.

Liver function: Liver function remained stable through-

out the 5-year follow up period (Fig. 5). Patient 3 exhibited

transient increase in AST and ALT at 1 year, which

returned to normal values for the remainder of the study

(Fig. 5a, b).

Antibodies

Prior to transplant, all patients were non-sensitized for both

HLA Class I and Class II, except for Patient 8 (PRA 33 for

HLA Class I), who after transplant displayed broad sensi-

tization (Table 2). Patient 8 additionally displayed de novo

HLA Class II antibodies at year 4 (PRA 52), which dis-

appeared (PRA 0) at year 5. Patients 3 and 4 developed de

novo HLA antibodies after 5 and 2 years, respectively. At

5 years, five patients were positive for anti-GAD 65, four

of which were positive before transplant, and no patients

were positive for anti-ICA 512.

Table 1 Metabolic test results of the seven patients with 5-year follow-up

Test Subjects

Patient 2 Patient 3 Patient 6 Patient 7 Patient 8 Patient 9 Patient 10

Mixed meal test

Before Tx

Baseline/90 min BG 103/305 78/270 198/438 [590 84/255 140/382 105/369

Baseline/90 min CP \0.1/\0.1 \0.1/\0.1 \0.1/\0.1 \0.1/ND \0.1/\0.1 \0.1/\0.1 \0.1/\0.1

1 year after last Tx

Baseline/90 min BG 95/131 109/202 90/175 98/121 101/168 93/174 87/113

Baseline/90 min CP 0.9/3 1.4/4 1.9/5.2 1.8/4 1.3/5.5 1.4/3.4 1.2/6

End of study

Baseline/90 min BG 80/141 56/194 102/121 172/295 116/144 98/148 98/99

Baseline/90 min CP 0.3/1.5 0.2/1.2 2.1/3.6 1/3 1.4/3.3 2.0/3.9 1.2/3.8

Glucagon stimulation test

Before Tx

Baseline/stimulated CP \0.1/\0.1 \0.1/\0.1 \0.1/\0.1 \0.1/ND \0.1/\0.1 \0.1/\0.1 \0.1/\0.1

1 year after last Tx

Baseline/stimulated CP 1.9/3 1.8/2.6 2.2/3.1 1.6/2.3 1.5/3.1 1.2/2.1 2/5.1

End of study

Baseline/stimulated CP 0.5/0.6 0.2/0.4 2/2.6 ND 1.7/2.4 1/2.3 1.2/3.3

OGTT

1 year after last Tx NR DM DM ND IM DM NR

End of study DM DM IM ND IM NR NR

IVGTT (AIRg)

1 year after last Tx 33.5 27.5 59.2 8.3 45.5 21.5 50.6

End of study 0 2.3 32.2 ND ND 32 43.3

BG Blood glucose (mg/dL), CP C-peptide (ng/mL), End of study 5 years after first islet transplantation, NR normal, DM diabetic, IM impaired,

AIRg acute insulin response to glucose (lU/mL), ND not done
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Discussion

This study presents the 5-year follow up of ten patients

after islet transplantation conducted at UIC. Initially, the

UIC protocol enabled the achievement of insulin inde-

pendence with a significantly lower number of islets [17].

However, this difference vanished with longer follow-up,

as most UIC patients required additional islet infusion(s).

This suggests a temporary effect of exenatide and etaner-

cept on improved islet function, instead of increased islet

mass. Our result is consistent with what has been reported

that exenatide can improve transplant outcome during

follow-up of 6 [28] and 18 months [29]. The original

promise for exenatide and etanercept to decrease the need

for multiple donors, which represents a significant limita-

tion of islet transplantation, did not hold long-term in this

study. However, re-transplants were effective for main-

taining insulin independence in the patients that originally

achieved this status with a marginal islet mass. Stable liver

function was demonstrated with multiple islet infusions.

This is important information for future cell-based thera-

pies for diabetes, and indicates that supplemental infusions

are successful with minimal side effects.

Regardless of protocol, all transplanted patients

achieved insulin independence within 1 year after initial

transplant. Bellin et al. [15] have recently reported prom-

ising rates of 50 % insulin independence at 5 years in

patients that received potent induction immunosuppression

regimens of either anti-CD3 monoclonal antibody alone or

antithymocyte globulin (ATG) plus TNF-a inhibition, as

compared to patients treated only with IL-2RAb. Our study

reports comparable results using only TNF-a inhibition.

These results are similar to reports of long-term insulin

independence in pancreas transplant of 50–60 % at 5 years

[15].

All patients had detectable C-peptide after transplan-

tation that was maintained for the duration of their fol-

low-up, suggesting islet graft functionality. Such results

represent an improvement from previous studies [3]. The

patient that resumed low-dose exogenous insulin at

a

c

b

d

Fig. 4 Kidney function tests. Serum creatinine (a, b) and UACR levels (c, d) of transplant recipients over the 5-year follow-up period, according

to transplant protocol. a, c Edmonton protocol (n = 4); b, d UIC protocol (n = 6)
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5 years had a detectable C-peptide level of 1.5, indicating

partial graft function. Although C-peptide was detected

positive in all the patients, the more advanced metabolic

tests indicate that glycemic control is less than perfect,

with a temporal trend in declining function. The presence

of glucose intolerance when challenged by a metabolic

test, despite insulin independence, can most likely be

explained by the lower than normal islet mass. Even non-

diabetic patients that receive autologous islet transplants

and display successful glycemic control present with

significantly decreased insulin secretory reserve [23]. The

glucose intolerance displayed with a majority of the

patients reflects a marginal islet mass that functions

under daily circumstances, but is insufficient when

stressed.

Consistent benefits can be seen in the complete correction

of hypoglycemic unawareness and HbA1c levels. Normal

HbA1c levels were maintained throughout the study in all but

two patients, who displayed slightly raised levels only at the

last time point of the study. Islet transplantation has been

consistently shown to significantly reduce severe hypogly-

cemic episodes, as well as the associated fear [30]. All

patients displayed significant improvements in the b-score

1 year after last transplant, and all patients maintained

improved b-score at the study end. Only one patient’s b-score

declined from 1 year after last transplant to the study end,

which reflected the need for low dose insulin therapy.

The temporal trend of decreasing insulin independence

still persists as an unfortunate reality in clinical islet

transplantation. Loss of function over time required

a b

c d

Fig. 5 Liver function test. Aspartate transaminase (AST; a), alanine aminotransferase (ALT; b), Alkaline phosphatase (ALP; c), and total

bilirubin (d) levels of transplanted recipients over the 5-year follow-up period. a, c Edmonton protocol (n = 4); b, d UIC protocol (n = 6)
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supplemental infusion(s) in 3 patients. This general trend of

decline in islet graft function is largely undefined, and has

been attributed to many factors. Immune factors include

auto- and allo-immune rejection [10, 31] and immuno-

suppressive drug toxicity [12–14]. Proposed non-immu-

nologic factors include exhaustion and decline of a

marginal b cell mass and amyloid-mediated islet apoptosis

[32, 33]. One patient required 3 transplants to reach insulin

independence and then lost islet graft function due to

unknown causes after 18 months; this patient subsequently

achieved insulin independence successfully after whole

pancreas transplant, but had to resume insulin again 4 years

later. This case exemplifies the fact that islet transplanta-

tion is not successful long-term in all patients, as well as

the frustration associated with loss of function over time

due to inexplicable reasons, even in whole pancreas

transplantation. Another unfortunate reality is the loss of

graft function if immunosuppression medication must be

stopped, as for the patient that developed breast cancer, or

reduced, as for the patient that developed diabetic myo-

necrosis [27]. Finding a balance between the consequences

of too much or too little immunosuppression is not a

clinical challenge unique to islet transplantation, but rather

represents one of the most difficult clinical problems in all

areas of transplantation. Unfortunately, at present, there are

no reliable tests available that could help the clinician

determine the immunosuppressive level required to prevent

rejection without unduly increasing the risk for opportu-

nistic infections.

Drug-related side effects of sirolimus and tacrolimus

[34] were comparable to the rates reported by other centers

[5]. Proteinuria secondary to sirolimus and reversal after

discontinuation has been reported in both renal and islet

transplant patients [35–39]. In this study, the most frequent

drug-related side effect was proteinuria. Patients who

experienced proteinuria were converted to the modified

UIC protocol, replacing sirolimus by MMF. After con-

version, all five recipients presented with improved renal

function with UACR normalization. The effectiveness of

this immunosuppressive regimen was clinically confirmed

by the absence of rejection episodes long-term; indeed, the

two patients that required only one transplant were con-

verted to MMF at 8 and 30 months after transplant. This

study suggests that the combination of tacrolimus, MMF,

and extended use Il-2 receptor blockade is overall better

tolerated than the combination of tacrolimus and sirolimus,

with equal effectiveness in preventing rejection and less

nephrotoxic side effects.

Table 2 Antibody profiles before and after transplantation

Test Subjects

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8 Patient 9 Patient 10

%PRA antibodies HLA Class I/Class II

Before Tx 0/0 0/0 0/0 0/0 0/0 0/0 0/0 33/0 0/0 0/0

1 year after first Tx 0/0 0/0 0/0 0/0 0/0 0/0 0/0 51/0 0/0 0/0

2 years after first Tx NA 0/0 0/0 16/0 0/0 0/0 0/0 45/0 0/0 0/0

3 years after first Tx NA 0/0 0/0 NA NA 0/0 0/0 45/0 0/0 0/0

4 years after first Tx NA 0/0 0/0 NA NA 0/0 0/0 55/52 0/0 0/0

5 years after first Tx NA 0/0 0/12 NA NA 0/0 0/0 54/0 0/0 0/0

Anti-GAD 65

Before Tx ? - - ? ? - ? ? ? ?

1 year after first Tx ? - - ? ? - - ? - ?

2 years after first Tx NA - - NA ? - - ? - ?

3 years after first Tx NA - - NA NA - ? ? ? ?

4 years after first Tx NA - - NA NA ? ? ? ? ?

5 years after first Tx NA - - NA NA ? ? ? ? ?

Anti-ICA 512

Before Tx - - - - ? - - - - ?

1 year after first Tx - - - - ? - - - - ?

2 years after first Tx NA - - - NA - - - - ?

3 years after first Tx NA - - NA NA - - - - ?

4 years after first Tx NA - - NA NA - - - - ?

5 years after first Tx NA - - NA NA - - - - -

PRA Panel reactive antibodies, expressed by % of positive result, NA not applicable
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A fundamental immunological aspect of any transplant

or transfusion procedure is sensitization after exposure to

foreign tissue. Sensitization after islet transplant has been

previously described in early trials [40] and more

recently in larger cohort studies [41]. Antibody profiles

were better than expected in this study, as only 2

patients displayed de novo HLA antibodies and one

patient sensitized prior to transplant displayed broad

sensitization. It was anticipated that sensitized patients

would present with poorer transplant outcomes. Incon-

sistent results were obtained in our limited number of

subjects. The patient sensitized before and broadly sen-

sitized after transplant achieved 5-year insulin indepen-

dence following a single transplant, whereas the patient

that developed a relatively low PRA percentage (12 %)

of Class II antibodies at 5 years had to resume low-dose

insulin therapy.

In conclusion, clinical islet transplantation conducted at

UIC enabled 60 % of the initially transplanted patients to

maintain insulin-independence 5 years after their first

transplant. This represents a less drastic decline in insulin

independence as compared to past studies and is compa-

rable to whole organ pancreas transplant, albeit at the price

of supplemental donor organ use. The difference in out-

comes between the two protocols, supporting potential

improvement in graft function with the UIC protocol, needs

validation in a larger sample. Benefits may be observed

through more consistent achievement of long-term insulin

independence with the same number of donors. Re-trans-

plants effectively maintain insulin independence, and

importantly are well tolerated by the liver, in patients that

originally achieve this status with a marginal islet mass

using the UIC protocol.
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