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OBJECTIVE

The long-term outcome of allogenic islet transplantation is unknown. The aim of this
study was to evaluate the 10-year outcome of islet transplantation in patients with
type 1 diabetes and hypoglycemia unawareness and/or a functioning kidney graft.

RESEARCH DESIGN AND METHODS

We enrolled in this prospective parallel-arm cohort study 28 subjects with type 1
diabeteswho received islet transplantation either alone (ITA) or after a kidney graft
(IAK). Islet transplantation consisted of two or three intraportal infusions of
allogenic islets administered within (median [interquartile range]) 68 days (43–
92). Immunosuppression was induced with interleukin-2 receptor antibodies and
maintained with sirolimus and tacrolimus. The primary outcome was insulin
independence with A1C £6.5% (48 mmol/mol). Secondary outcomes were patient
and graft survival, severe hypoglycemic events (SHEs), metabolic control, and renal
function.

RESULTS

The primary outcome was met by (Kaplan-Meier estimates [95% CI]) 39% (22–57)
and 28% (13–45) of patients 5 and 10 years after islet transplantation, respectively.
Graft function persisted in 82% (62–92) and 78% (57–89) of case subjects after 5 and
10 years, respectively, and was associated with improved glucose control, reduced
need for exogenous insulin, and amarked decrease of SHEs. ITA and IAK had similar
outcomes. Primary graft function, evaluated 1 month after the last islet infusion,
was significantly associated with the duration of graft function and insulin
independence.

CONCLUSIONS

Islet transplantation with the Edmonton protocol can provide 10-year markedly
improved metabolic control without SHEs in three-quarters of patients with type 1
diabetes, kidney transplanted or not.

The demonstration in 2000 that b-cell replacement with allogenic islet transplan-
tation could restore endogenous insulin secretion and near-normal glucose homeo-
stasis was an important landmark for the treatment of type 1 diabetes (1). Since then,
islet transplantation has been offered worldwide in .1,000 patients with type 1
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diabetes and hypoglycemia unawareness
and/or a kidney graft for end-stage renal
disease (2). The favorable early benefit-
risk profile of islet transplantation has
been reported by numerous single and
multicenter studies (3–10) and con-
firmed in the international Collaborative
Islet Transplantation Registry (CITR) (11).
Furthermore, islet transplantation ap-
peared superior to optimized medical
treatment in several case-control studies
(12–15), and a multicenter randomized
controlled trial recently demonstrated
that islet transplantation was associated
with better glucose control at 6 months
(16). Other studies also suggest that islet
transplantation improves quality of life
(16,17) and may favorably impact chronic
diabetes complications (18–22). On the
other hand, islet graft function may de-
cline with time (4,11), and chronic im-
munosuppression has been associated
with serious adverse events (SAEs) and a
decrement in renal function (4,9,11,12).
Moreover, the persistence of the early
benefit of islet transplantation beyond
5 years can only be speculated from a few
series of selected cases (23–28).
Therefore, the aim of the current study

was to evaluate the 10-year outcome, in
intention to treat, with islet transplan-
tation in patients with type 1 diabetes
and hypoglycemia unawareness and/or a
functioning kidney graft initially included
in two clinical trials. The secondary ob-
jectives were to explore the determi-
nants of long-term successful b-cell
replacement with islet transplantation.

RESEARCH DESIGN AND METHODS

Study Design
This observational, prospective, parallel-
arm, cohort study was designed to eval-
uate the long-term outcome of allogenic
islet transplantation in patients with
type 1 diabetes. We enrolled all partic-
ipants from two single-arm, single-center,
phase 2 studies initiated in 2003 at Lille
University Hospital to evaluate the 1-year
outcome of islet transplantation, per-
formed either alone (ITA) in nonuremic
patients (NCT00446264) or after a
kidney graft (IAK) in uremic patients
(NCT01123187). Study protocols were
approved by the institutional review
board, and a signed informed consent
was obtained from each patient, as pre-
viously described (10). The 28 consecu-
tive participants in these two studies
received islet transplantation between

13 March 2003 and 1 December 2012.
As initially planned for each study, the
enrollment was interrupted when the
primary outcome (80% insulin indepen-
dence with adequate glucose control after
1 year) was confirmed in the first 14 par-
ticipants (sequential triangular design).
Participants gave written informed con-
sent to pursue follow-up beyond the
1st year and attended at least yearly rou-
tine hospital visits up to 10 years after
islet transplantation. The database was
frozen on 22 December 2017.

Patients
Enrolled subjects had type 1 diabetes
documented for .5 years at the time
of islet transplantation and arginine-
stimulated C-peptide ,0.3 ng/mL.
Nonuremic patients had hypoglycemia
unawareness and/or documented met-
abolic lability and an estimated glomer-
ular filtration rate (eGFR) .60 mL/min/
1.73 m2. Uremic patients had a kidney
graft with stable renal function, no epi-
sodes of kidney graft rejection, and blood
pressure in the normal range whatever
the use of antihypertensive drugs. In these
patients, simultaneous pancreas trans-
plantation had been refused because of
age.45 years, severe macroangiopathic
complications, or patient’s choice or
performed but followed by a nonim-
mune complication requiring pancreas
graft explantation. In all cases, exclusion
criteria included age ,18 or .65 years,
a BMI $28 kg/m2, albuminuria .300
mg/24 h, unstable arteritis or heart
disease, active infection, insulin daily
requirements .1.2 units/kg, history of
malignancy, smoking, desire for preg-
nancy, psychiatric disorders, and lack of
compliance.

Islet Transplantation
Islet transplantation consisted of up
to three sequential islet infusions
within 3 months, with the aim of
reaching adequate metabolic control
without exogenous insulin. Islets were
isolated from pancreata harvested in
ABO blood type-compatible deceased
donors with a negative cross-match
(10). The access to the portal vein
was gained under general anesthe-
sia by percutaneous catheterization of
a peripheral portal branch under
ultrasound guidance or by surgical
catheterization of a small mesenteric
vein. In all cases, heparin (35 units/kg)

was added to the final islet preparation,
gently infused by gravity with portal
pressure monitoring.

Immunosuppression
The immunosuppression consisted of
tacrolimus (Prograf; Astellas, Paris, France),
target trough levels at 3–6 ng/mL, and
sirolimus (Rapamune; Wyeth Pharma-
ceuticals, Paris, France), target trough
levels at 12–15 ng/mL for 3 months and at
7–10 ng/mL the 1st year and 5–6 ng/mL
thereafter. A five-dose induction course
of daclizumab (1 mg/kg) (Zenapax;
Roche, Welwyn Garden City, U.K.) was
administered biweekly beginning 1 h be-
fore the first infusion. For IAK, the median
(interquartile range) elapsed time be-
tween kidney and islet transplantation
was 22 months (18–38). The kidney
transplantation had been performed
with a standard-of-care protocol, i.e.,
in most cases anti-thymocyte antibod-
ies, mycophenolate, and tacrolimus with
an initial bolus of 1 g of prednisolone.
Steroids had been progressively tapered
over 3–9 months until complete discon-
tinuation if there was no sign of kidney
rejection. About 12 months after kid-
ney transplantation, mycophenolate was
progressively switched to sirolimus to
reach blood trough sirolimus levels of
7–10 ng/mL and tacrolimus levels around
5 ng/mL. The blood pressure and renal
function had to be normal. When an islet
preparation was available, a course of
anti–interleukin-2 receptor antibody was
performed, repeated for each of the two
or three islet injections performed over
3 months.

Follow-up
A comprehensive clinical and biological
evaluation was performed before islet
transplantation and each year after the
first islet infusion, with intermediate
routine clinical visits at least twice per
year. Daily exogenous insulin require-
ments, antidiabetic treatments, and ad-
verse events were recorded at each
visit. Exogenous insulin was reintroduced
when A1C increased above 6.5% (48
mmol/mol) on two consecutive mea-
surements. The following parameters
were analyzed using standardized meth-
ods unless otherwise indicated: daily
glucose profile (mean glucose, SD around
mean glucose, and percentage of time
spent in hypoglycemia ,70 mg/dL)
assessed with continuous glucose
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monitoring (CGM) (Medtronic MiniMed,
Northridge, CA) for three consecu-
tive days, fasting and postprandial
blood glucose and C-peptide (RIA-coat
C-peptide; Mallinckrodt, Paris, France)
(detection threshold 0.2 ng/mL), plasma
creatinine, A1C, and tacrolimus and si-
rolimus trough levels. The presence and
type of autoantibodies GAD, islet cell
antibody (ICA), and IA2 were evalu-
ated before transplantation, after
each islet infusion, yearly during the
follow-up, and, in case of graft loss,
3 months after discontinuation of im-
munosuppression.

Study Outcomes
The primary outcome was insulin inde-
pendence, defined as the absence of
exogenous insulin therapy associated
with A1C #6.5% (48 mmol/mol). Sec-
ondary outcomes were patient survival,
yearly incidence of severe hypoglycemic
events (SHEs), graft function defined as
fasting plasma C-peptide $0.3 ng/mL,
metabolic control assessed by A1C, the
CGM daily glucose profile, and the daily
exogenous insulin requirement. Primary
graft function was evaluated 1 month
after the last islet infusion with the
b-score, a previously validated compos-
ite index ranging from 0 (no graft func-
tion) to 8 (excellent graft function)
(29,30). This score gives two points for
normal fasting glucose (#5.5 mmol/L),
A1C #6.1% (43 mmol/mol), stimulated
and/or basal C-peptide ($0.3 nmol/L),
and absence of insulin or oral hypogly-
cemic agent use. No points are awarded
if fasting glucose is in the diabetes range
($7 mmol/L), A1C is$7% (53 mmol/mol),
C-peptide secretion is undetectable
on stimulation, or daily insulin use
is $0.25 units/kg. One point is given
for intermediate values. Graft func-
tion was considered optimal when the
b-score was 7 or 8, suboptimal when
the b-score was 4–6, and poor when
the b-score was #3.
We also analyzed renal function

with the eGFR calculated with the
MDRD formula. Adverse events were
classified according to the National
Cancer Institute Common Terminology
Criteria for Adverse Events (version
3.0). SAEs (grades 3–5) were moni-
tored and classified as most likely
related to the islet transplantation
procedure, immunosuppression, or di-
abetes complications.

Statistical Analysis
All results available at each time point
were analyzed in intention to treat (i.e.,
including patients who had lost graft
function and stopped immunosuppres-
sion) and expressed as medians (inter-
quartile range) for continuous variables
and as frequencies (percentages) for
categorical variables, without any im-
putation. Continuous variables were
compared between groups with the
Mann-Whitney U test. Discrete variables
were compared with Fisher exact tests.
To test the effect of time on the evolution
of metabolic and renal measurements,
a linear mixed model was applied with
the “patient” effect considered as a ran-
dom effect. Graft function and insulin
independence survival rates were esti-
matedwith the Kaplan-Meiermodel. The
impact of patient and graft character-
istics on these survival rates was esti-
mated with a Cox proportional hazards
regression model. A P value ,0.05 was
considered significant. All statistical anal-
yses were performed with SAS Studio
Statistics (version 3.71) and Prism Graph-
Pad (version 8.0.0) software.

RESULTS

Patient Characteristics
A total of 28 patients (14 nonuremic and
14 uremic) were enrolled. The patient
characteristics prior to transplantation
are presented in Table 1. Three uremic
patients had received previous pancreas
transplantation (two simultaneously
with and one after a kidney graft)
and experienced a nonimmunological
failure of the pancreas. Each patient
initially received two (n 5 10) or three
(n 5 18) infusions delivered within
68 days (43–91), and, overall, 74 islet
infusions were performed. No supple-
mentary islet infusion was performed
during the follow-up. At baseline, the
clinical and biological characteristics of
patients and grafts were not different
between uremic and nonuremic patients,
except for renal function and BMI (Table
1). Primary graft function, calculated
1 month after the last islet infusion (see
RESEARCH DESIGN AND METHODS), was optimal
in 18 patients (64%) and suboptimal
in 10 patients (36%).

Patient Follow-up
The median follow-up duration was 11.5
years (interquartile range 8.9–12.9), cor-
responding to a total of 298patient-years.

One IAK patient with a previous leg am-
putation died of a stroke 35 months after
islet transplantation, with functioning islet
and kidney grafts, and 27 patients were
alive at the time of this analysis. The overall
mortality rate was 0.3% per 100 patient-
years. One ITA patient who had lost graft
function declined follow-up after the
5-year visit, and one IAK patient moved
from the region with a functioning islet
graft after the 6-year visit. All other par-
ticipants had attended each yearly visit,
and at the time of this analysis, 27
(96%) and 20 (71%) of the patients ini-
tially enrolled completed the 5- and 10-
year visits, respectively (Table 2).

Primary Outcome
After islet transplantation, exogenous
insulin could be interrupted in all 28 pa-
tients a median of 91 days (interquartile
range 61–115) after the first islet infu-
sion. Overall, the Kaplan-Meier estimates
of patients remaining off insulin with
A1C #6.5% (48 mmol/mol) were 39%
(95% CI 22–57) at 5 years and 28% (13–
45) at 10 years (Fig. 1A). These figures did
not differ significantly between ITA and
IAK recipients (Fig. 1B). Among the five
patients who were insulin independent
at 10 years, three patients had received
oral antidiabetic medications after 5, 7,
and 8 years. In a Cox proportional haz-
ards univariate regression analysis, optimal
primary graft function, female sex, longer
history of diabetes, and total islet mass
infused were associated with retention
of insulin independence with A1C#6.5%
after 10 years (Supplementary Table 1).

In patients who experienced optimal
primary graft function, the median dura-
tion of insulin independence associated
with A1C #6.5% (48 mmol/mol) was
6 years (interquartile range 1.9–10) vs.
0.4 years (0.2–1.1) in those with subopti-
mal primary graft function (hazard ratio
[HR] 0.19 [95% CI 0.08–0.48], P5 0.0004)
(Fig. 1C and Supplementary Table 1).

Secondary Outcomes
At last follow-up, graft function persisted
in 20 patients (10 ITA and 10 IAK). Six
patients lost graft function while they
were still under immunosuppression, 7,
15, 35, and 89months after ITA and 7 and
10 months after IAK.

The Kaplan-Meier estimates of graft
survival were 82% (95%CI 62–92) and 78%
(57–89) after 5 and 10 years, respectively,
in the entire study group (Fig. 1D).

2044 Ten-Year Outcome of Islet Allotransplantation Diabetes Care Volume 42, November 2019

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/42/11/2042/528511/dc190401.pdf by guest on 10 April 2024

http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc19-0401/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc19-0401/-/DC1


The Kaplan-Meier estimates of graft
survival were not significantly differ-
ent after 5 years (79% [95% CI 47–93]
vs. 86% [54–96]) and after 10 years (71%
[41–88] vs. 86% [54–96]) in ITA and IAK
recipients, respectively (HR 0.55 [0.1–3],
P 5 0.4877) (Fig. 1E and Supplementary
Table 1).
In patients who experienced optimal

primary graft function, the median dura-
tion of graft survival was 10 years (inter-
quartile range 8–10) vs. 4.5 years (0.8–10)
in those with suboptimal primary graft
function (HR 0.07 [0.01–0.64], P5 0.0184)
(Fig. 1F and Supplementary Table 1).
In a Cox proportional hazards univariate

regressionanalysis, optimalprimarygraft
function and a longer history of diabetes
were associated with higher graft survival
at 10 years (Supplementary Table 1).
The median incidence of SHEs per

year significantly decreased from 2 (inter-
quartile range 1–5) events per year prior
to islet transplantation to 0 (0–0) events
at5 (P,0.0001)and10years (P,0.0001),
respectively (Table 2).
All metabolic parameters, A1C, daily

exogenous insulin requirement, mean glu-
cose, SD around mean glucose, and per-
centage of time spent in hypoglycemia,
improved durably over time. These

parameters slightly deterioratedwith time
but remained significantly improved at
10 years (Table 2).

Immunosuppression
Immunosuppressive drugs were stopped
progressively in three out of the six
ITA patients who lost graft function,
within median 3.6 months (interquartile
range 2.8–5.8) after C-peptide became
undetectable. One patient chose to stop
immunosuppressive treatment after rein-
troduction of insulin became necessary,
despite detectable C-peptide. The last
two patients are currently under pro-
gressive discontinuation. Immunosup-
pression was maintained after islet
graft loss in two IAK patients with func-
tioning kidney graft. Overall, 6 out of
28 patients (21%; 1 ITA and 5 IAK) had to
be switched from sirolimus to mycophe-
nolate after 26.1 months (11.5–43.2),
due to intolerance.

Adverse Events
All SAEs occurring during and beyond the
1st year are summarized in Supplementary
Table 2. Each SAE was classified as most
likely related to the infusion procedure,
immunosuppression, or complications of
type 1 diabetes. During the 1st year
posttransplantation, 11 SAEs related to

the infusion procedure were observed,
6 of them involving bleeding, including
3 potentially life-threatening events after
percutaneous islet infusion. Five SAEs
(hematological disorders, nonopportun-
istic infections, and diarrhea) were re-
lated to immunosuppression. One toe
amputationwas related to diabetes com-
plications. After 1 year and until 10 years
postislet transplantation, eight SAEs re-
lated to immunosuppression occurred:
four infections (two opportunistic and
two nonopportunistic) and four skin car-
cinomas (two squamous and two basal
cell carcinomas). Three of these skin car-
cinomas, all successfully treated with
local excision, occurred in IAK recipients.
Elevendiabetes-relatedmacroangiopathic
events occurred, nine of them .5 years
after the first islet transplantation: five
symptomatic events, four of them in the
IAK recipients (one stroke in the IAKpatient
who later died as mentioned above, one
myocardial infarct, one pulmonary edema,
and two amputations), and six totally
asymptomatic events, found by systematic
yearly screening, two of them in IAK re-
cipients. The six silent myocardial ischemic
episodes were treated by coronary angio-
plasty stenting in five cases and surgical
coronary bypass in the remaining case.

Table 1—Baseline patient and graft characteristics of the entire study group and comparison of ITA and IAK recipients before
islet transplantation

All recipients
(n 5 28)

ITA recipients
(n 5 14)

IAK recipients
(n 5 14)

P value,
ITA vs. IAK

Male sex 13 (46) 7 (50) 6 (43) 1

Age (years) 43 (37–50) 42 (36–51) 44 (40–49) 0.6130

BMI (kg/m2) 22.9 (21.3–24.6) 24.6 (22.9–25.9) 22.6 (20.2–22.9) 0.0012

Diabetes duration (years) 28 (24–31) 28 (17–31) 30 (24–34) 0.3749

Exogenous insulin requirements (IU/kg per day) 0.57 (0.41–0.74) 0.6 (0.42–0.73) 0.54 (0.39–0.74) 0.5757

No. of severe hypoglycemia events in previous year 2 (1–5) 3 (1–7) 2 (0–3) 0.4084

No. of autoantibodies 1 (0–2) 1 (1–2) 2 (0–2) 0.6749

Glycated hemoglobin (%) 8.15 (7.3–8.95) 8.45 (7.3–8.9) 7.9 (7.3–9.2) 0.7789
(mmol/mol) 66 (56–74) 69 (56–74) 63 (56–77)

Mean glucose (CGM) (mg/dL) 146 (131–208) 159 (136–210) 139 (129–186) 0.3613

SD of mean glucose (CGM) (mg/dL) 63 (45–77) 60 (41–87) 68 (53–77) 0.4908

Time below range (,70 mg/dL) (CGM) (%) 9 (3–16) 14 (3–21) 9 (3–13) 0.5053

eGFR (mL/min/1.73 m2) 68 (59–84) 84 (73–89) 59 (49–64) ,0.0001

No. of islet infusions 3 (2–3) 3 (2–3) 3 (2–3) 0.6970

Total tissue volume (mL) 12.3 (8.8–15.2) 12.5 (10–14) 11.8 (8.7–16.3) 0.7743

Total islet mass (103 IEQ/kg) 13.45 (10.93–15.28) 12.07 (10.64–14.65) 13.83 (12.79–15.43) 0.4025

Islet viability (%) 93 (90–96) 94 (91–95) 93 (89–97) 0.7988

Islet function (GSIS) 2.08 (1.57–2.45) 2.03 (1.48–2.52) 2.26 (1.62–2.38) 0.5683

Time from first infusion to insulin
independence (days) 91 (61–115) 91 (62–115) 91 (56–111) 0.8678

Optimal primary graft function 18 (64) 9 (64) 9 (64) 1

Values expressed as medians (interquartile range) or frequencies (percentages). GSIS, glucose-stimulated insulin secretion; IEQ, islet equivalents.
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Kidney Function
Renal function differed between ITA and
IAK at baseline (Table 1). As illustrated
in Fig. 2, a slight decrease of eGFR was
observed in both groups with time:
median 21.1 mL/min/1.73 m2 per year
(interquartile range 22.5 to 0.1) in ITA
and20.9mL/min/1.73m2 per year (22.2
to 0.8) in IAK. This reduction, however,
did not reach statistical significance, even
after 10 years (P 5 0.52 in ITA and
P 5 0.38 in IAK, Wilcoxon matched-pairs
signed rank test between 10 years and
baseline) (Table 2). One IAK patient, who
received islet transplantation 45 months
after kidney transplantation, while eGFR
had decreased to 30 mL/min/1.73 m2,
remained insulin independent 10 years
after islet transplantation. From the
three patients referred after pancreas graft
failure, one who had received a kidney
from a twin living donor lost islet graft
function after 10 months. His eGFR was
40 mL/min/1.73 m2 at 10 years after the
islet transplantation. The second patient
remained insulin independent at the last
follow-up 8 years after islet transplanta-
tion. The third patient died with a func-
tioning islet graft as mentioned above.

CONCLUSIONS

In the current study, we evaluated the
long-term outcome of allogenic islet
transplantation in patients with type 1
diabetes and hypoglycemia unawareness
and/or a previous kidney graft. After
10 years, graft function was maintained
in 75% of patients, and 28% percent of
patientsmet the study primary outcome:
insulin independence with A1C #6.5%
(48 mmol/mol).

In contrast to previous long-term re-
ports of a single case or a small series of
selected patients (23–28),we analyzed in
this prospective study the 10-year out-
come of an entire cohort, with minimal
attrition and no secondary rescue islet
infusion. Overall, the 10-year results
appear comparable to those reported
after pancreas transplantation when pro-
posed for the same indications (31,32).
Furthermore, half of our patients still
maintained A1C level ,7% without SHEs,
the alternative end point considered for
licensure of islet transplantation in the
U.S. (9).

We also confirmed that long-term
outcomes were first related to the pri-
mary graft function, evaluated 1 month
after the last islet infusion (33). However,
the precise determinants of early islet
graft function remain to be clarified.
Indeed, this early proxy reflects not
only the mass and quality of transplanted
islets but also their initial engraftment. In
the present cohort, we deliberately op-
timized primary graft function by initially
administering two or three sequential
islet infusions. All patients reached in-
sulin independence, an early outcome
that was also associated with longer
retention of islet graft function in the
CITR (2). In the current study, an optimal
primary graft function was associated
with prolonged graft function and a me-
dian duration of insulin independence
with A1C#6.5% of 6 years. Since partial
graft function is sufficient to prevent
severe hypoglycemia (30), alternative
and less stringent composite end points
have been proposed to define success in
islet transplantation, based on glucose

control and avoidance of severe hypogly-
cemia, independently of insulin indepen-
dence (34). Nevertheless, in the current
study, suboptimal graft function was as-
sociated with shorter overall islet graft
survival. This is in linewith the association
between initial achievement of insulin
independence, another proxy for good
primary graft function, and long-term
islet graft survival in the CITR (2). Second,
we found that the duration of insulin
independence was longer in female re-
cipients, independently of their lower
body mass. Although the underlying
mechanisms remain unclear, recent
studies argue for a favorable effect
of estrogens on glucose metabolism
(35,36).

Importantly, we observed equivalent
results when islet transplantation was
performed after a kidney graft, in pa-
tients with more vascular complications
and who had often been refuted for
simultaneous pancreas-kidney trans-
plantation. Preexisting immunosup-
pression and a lower BMI may have
contributed to these favorable results.
Another key aspect was the stringent
selection of the study participants, who
had not experienced any acute rejection,
uncontrolled hypertension, or macroal-
buminuria after kidney transplantation.
A progressive switch from mycopheno-
late to sirolimus was warranted prior to
the registration on the islet waiting list, as
well as a tapering of steroids. Finally, a
previous nonimmunological loss of a pan-
creas transplant in three patients did not
seem to have impaired the results of islet
transplantation. Taken together, our re-
sults suggest that in uremic patients with

Table 2—Metabolic and renal long-term outcomes in the entire study group

1 year
P value vs.
baseline 5 years

P value vs.
baseline 10 years

P value vs.
baseline

Patients followed 28 27 20

No. of severe hypoglycemia events
in previous year 0 (0–0) ,0.0001 0 (0–0) ,0.0001 0 (0–0) ,0.0001

Glycated hemoglobin (%) 5.9 (5.5–6.7) ,0.0001 6.9 (6.1–7.5) ,0.0001 6.7 (6.1–8) 0.0009
(mmol/mol) 41 (37–50) 52 (43–58) 50 (43–64)

Exogenous insulin requirements
(IU/kg per day) 0 (0–0.04) ,0.0001 0 (0–0.36) ,0.0001 0.28 (0–0.43) ,0.0001

Mean glucose (CGM) (mg/dL) 112 (102–133) ,0.0001 126 (110–144) ,0.0001 118 (113–154) 0.0007

SD of mean glucose (CGM) (mg/dL) 22 (15–41) ,0.0001 29 (17–52) ,0.0001 40 (18–54) ,0.0001

Time below range (,70 mg/dL)
(CGM) (%) 0 (0–5) ,0.0001 1 (0–3) ,0.0001 3 (0–9) 0.0012

eGFR (mL/min/1.73 m2) 68 (55–81) 0.8883 64 (51–80) 0.7926 54 (43–91) 0.252

Values expressed as medians (interquartile range) or frequencies (percentages).
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type 1 diabetes, the option of a pancreas
or an islet transplantation should be
discussed prior to kidney transplantation

to propose the best strategy according to
patient characteristics and local possibil-
ities (32,37).

As expected (2), islet infusion was
associated with a significant risk of com-
plications (Supplementary Table 2). How-
ever, the overall risk profile of intraportal
islet infusion observed in the current
study appears lower than reported after
pancreas transplantation (31,32). All
other complications were related to
chronic immunosuppression and/or to
diabetes. The overall mortality rate
observed here (0.3% per 100 patient-
years) was equivalent to the mortality
rate observed in the Diabetes Control
andComplicationsTrial (DCCT) inpatients
with type 1 diabetes with little or no
complications, and in absence of any im-
munosuppressive treatment (38). In con-
trast, the mortality rate reported in
patients with characteristics similar to
those of the participants enrolled in the
current study (i.e., with frequent SHEs
or a functioning kidney graft), but non–
islet transplanted, is three to four times
higher and mostly related to SHEs or
ischemic heart disease (37,39,40). The
yearly screening of macroangiopathic
diabetes-related complications proposed
in this study was more stringent than
usually recommended. Likewise, 6 out of
11 events (54%) were detected in ab-
sence of any symptoms. Meanwhile,
the five symptomatic cardiovascu-
lar events occurred .5 years after
islet transplantation, and all in IAK

Figure 2—Baseline to 10 years of follow-up of kidney function in islet transplantation in ITA and
IAK recipients. Individual evolution of eGFR changes over the 10 years of follow-up in ITA (A) and
IAK (B) recipients with linear regression (red line) and 95% CI (dotted red lines). Absolute change
per year (C) and proportion of change from baseline value (D) in ITA and IAK recipients (red
lines summarize the median value).

Figure 1—Ten-year Kaplan-Meier estimates of insulin independencewithA1C#6.5% (#48mmol/mol) and graft survival in the entire cohort in ITA and
IAK recipients and in islet recipients with optimal and suboptimal primary graft function (PGF). Insulin independence with A1C#6.5% (48 mmol/mol) in
the entire cohort (95% CIs in dotted black lines) (A), in ITA and IAK recipients (B), and in islet recipientswith optimal and suboptimal PGF (C). Graft survival
in the entire cohort (95% CIs in dotted black lines) (D), in ITA and IAK recipients (E), and in islet recipients with optimal and suboptimal PGF (F).

care.diabetesjournals.org Vantyghem and Associates 2047

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/42/11/2042/528511/dc190401.pdf by guest on 10 April 2024

http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc19-0401/-/DC1
http://care.diabetesjournals.org


patients initially rejected for combined
kidney-pancreas transplantation because
of preexisting severe diabetes-related
complications.
Importantly, themean decline of eGFR

in the entire cohort was similar to the rate
expected in the general population.40
years old (22mL/min/1.73m2 per year).
This was also true for patients with a
previous renal graft. Our study, which is
in line with some other results (25) but in
contrast to earlier ones (41), suggests
that improved metabolic control ob-
tained after islet transplantation may
exert a favorable effect on kidney func-
tion in type 1 diabetes, such as after
pancreas transplantation (5,42,43).
One limitation of this study is the lack

of a control group of patients receiving
optimized insulin therapy or a pancreas
transplant. Therefore, whether the im-
proved metabolic control resulting from
islet transplantation is balancing the
associated risks remains to be demon-
strated. Another limitation is the sample
size of our study, which was calculated
according to its primary metabolic end
point. This limits the conclusions that can
be drawn about kidney function and
macroangiopathic complications. One
may also remain cautious when inter-
preting the difference in early graft
function because all participants initially
received the same intervention. More-
over, the proposed strategy of initial
repeated islet infusion for optimizing
primary graft function can be hampered
by donor pancreas availability. Fi-
nally, we could not explore the impact
of the immunosuppression regimen on
the islet transplantation long-term out-
come. Of note, all participants in our
study received low-dose tacrolimus and
sirolimus, a drug combination associated
with a favorable outcome in the CITR (2).
In contrast, immunosuppression was in-
duced herewith anti–interleukin-2 recep-
tor antibodies, and not T-cell depletion
or TNF-a inhibitors (2,9).
To conclude, the current studyprovides

direct evidence that islet transplantation
performed alone or after a kidney graft
in patients with type 1 diabetes can mark-
edly improve metabolic control and sup-
press SHEs during 10 years.
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