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Abstract
Purpose of review In patients with type 1 diabetes with extreme glycemic variability, the restoration of pancreas endocrine
function is potentially and completely achieved with islets of Langerhans (tissue derived from whole organ) or pancreas (whole
organ) transplantation. The aim of our review is to report on the latest studies and to highlight the benefits and risks of the two
procedures, providing clearer, more selective, evidence-based clinical indications that also consider the impact on the degener-
ative complications of diabetes as a potential benefit.
Recent findings Clinical experience in this field has been dynamic over the last three decades, and has been characterized by the
development of more standardized protocols and a clearer definition of clinical outcome. On the contrary, the recommendations
thus far are not well delineated and tend to overlap, and the past ADA position statement for pancreas transplant alone has also
been applied to islet transplant alone, without differentiation.
Summary Both outcome-driven and non-outcome-driven criteria are considered in the conclusions, in an attempt to streamline
indications for islet-alone or pancreas-alone transplantation.
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Indications for transplantation

Introduction

Type 1 diabetes mellitus (T1D) has become an important pub-
lic health problem due to increased incidence globally, as well
as the significant influence it has on patient survival [1], qual-
ity of life, and the development of chronic complications (car-
diovascular disease, nephropathy, retinopathy, neuropathy)
that frequently lead to serious disability [2•, 3, 4]. In patients

with diabetes who are under 30 years of age, excess mortality
is mainly the result of acute complications such as diabetic
ketoacidosis and hypoglycemia, whereas in older patients the
main cause of death is cardiovascular disease [1]. The
Diabetes Control and Complications Trial (DCCT) and its
observational follow-up, the Epidemiology of Diabetes
Interventions and Complications (EDIC) study, show that,
compared with conventional therapy, intensive glycemic con-
trol reduces the risk not only of diabetic retinopathy, nephrop-
athy, and neuropathy, but also of cardiovascular events, in-
cluding non-fatal myocardial infarction, stroke, or death from
cardiovascular disease [5]. Insulin therapy, the first treatment
step for all patients with T1D, may be unsuccessful in some
patients with extreme glycemic variability. Successful treat-
ment might be found through restoration of the endocrine
function of the pancreas, achieved by islet or pancreas
transplantation.

Clinical experience in the field of islets of Langerhans (tis-
sue derived from whole organs) and of whole-organ (whole
pancreas) transplantation has been dynamic over the last three
decades, characterized by the development of more
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standardized protocols, resulting in a clearer definition of clin-
ical outcomes and standard indications [6•].

Islet transplantation results, analyzed by the Collaborative
Islet Transplant Registry (CITR), have improved since 1999,
achieving the best results during the period 2007–2010 [7].

The number of solitary pancreas transplantations has
remained stable over the past decade, with a stable rate of graft
failure during the past 5 years [6•].

Comparative analysis of the two procedures is hampered
by many issues, including donor characteristics, tissue struc-
ture (islets or vascularized whole organ), transplant approach
(surgery yes or no), and immunosuppressive therapy (steroids
yes or no). Furthermore, there are no statistically robust stud-
ies comparing the clinical outcomes and the risk–benefit ratios
of islet versus pancreas transplant. Only a small number of
transplant centers have adequate experience in both islet iso-
lation and pancreas surgery, making it difficult to carry out
prospective randomized controlled studies.

We have elected to consider papers published by the most
advanced transplant centers that report their achievements in
both fields, aiming to critically evaluate the results in order to
better define the indications for a positive clinical outcome.
The purpose of this review is to report the latest studies on islet
and pancreas transplant alone in the treatment of T1D and,
based on these studies, to highlight the benefits and risks of
the two procedures, providing clearer, more selective,
evidence-based clinical indications.

Criteria for Patient Selection

Whereas indications are clearly delineated for simultaneous
pancreas-kidney (SPK) or pancreas-after-kidney (PAK) trans-
plantation, historically considered the first choice for patients
with T1D and chronic renal disease or having undergone kid-
ney transplantation, as well as for simultaneous islet-kidney
(SIK) or islet-after-kidney (IAK) transplants, the first choice
in patients who cannot receive the total pancreas, indications
for pancreas transplant alone (PTA) were first recommended
by the American Diabetes Association in 2000. The position
statement, published in the journal Diabetes, identified three
criteria: (1) a history of frequent, acute, and severe metabolic
complications (hypoglycemia, hyperglycemia, ketoacidosis)
requiring medical attention; (2) clinical and emotional prob-
lems with exogenous insulin therapy that are so severe as to be
incapacitating; and (3) consistent failure of insulin-based man-
agement to prevent acute complications. As part of the same
recommendations, islet transplant alone (ITA) was considered
an experimental approach to be used only within controlled
research studies [8]. No specific standard criteria were
established for each of these approaches individually, leaving
it up to the transplant center to allocate patients to one or the
other on the basis of their own experience. Because only a

small number of transplant centers have expertise in both
PTA and ITA, clinical indications for individual patients have
been guided mainly by local expertise.

Clinical Results

Islet Transplantation

In 1979, Felix Largiadèr at Zurich University first reported
allogeneic pancreatic fragment infusion in patients with T1D
[9]. Subsequently, only a limited series of a small number of
patients underwent islet transplantation in association with
kidney graft (SIK, IAK), with poor results [10]. Two impor-
tant events mark a turning point in the clinical outcome of islet
transplantation: in 1988, the introduction of islet isolation, as
described in Ricordi’s automated method [11], enabling the
production of more functional tissue, together with the expe-
riences of the Edmonton group [12], who in 2001 first
transplanted islets alone (ITA) in patients with T1D, obtaining
100% insulin independence, a result that had never been
achieved previously. Thereafter, islet transplant increased
worldwide, and ITA became the focus of several programs.

The global picture of ITA clinical activity derives from
registry data.

A CITR paper published in 2012, which includes extensive
and rigorous statistical analysis comparing three different pe-
riods (1999–2002, 2003–2006, 2007–2010), reported 44%
insulin independence at 3-year follow-up during the most re-
cent period, with progressive improvement in successive pe-
riods in both ITA and SIK. Detectable secretion of C-peptide,
a specific marker of tissue vitality, was reported in 83% of
cases after 3 years (2007–2010) [7].

The last open-access CITR report on all islet allotransplants
(ITA, IAK, SIK: 1999–2015) includes 1086 islet transplant
recipients, who underwent 2150 infusions from 2619 donors
[13]. Insulin independence was achieved after the second in-
fusion in 80% of cases. Focusing on ITA, factors associated
with favorable results were induction with T-cell depleting
antibodies and/or TNF-alpha inhibitors, maintenance immu-
nosuppression with a mammalian target of rapamycin
(mTOR) inhibitor and calcineurin inhibitor, islet equivalents
(IEQ) ≥ 325,000, and recipient age ≥ 35 years. When these
factors were present, the prevalence of insulin independence
at 3 and 5 years was 50% and 40%, respectively, while C-
peptide > 0.3 remained at 80% after 8 years. This is a further
improvement in comparison with the data cited above.

More granular information can be obtained by analyzing
the experiences of single centers to better understand clinical
results. One of the most recent multicenter studies, the Clinical
Islet Transplantation Consortium Protocol 07 (CIT-07), was
designed as a license-enabling study in the USA [14]. The
primary endpoint, eradication of severe hypoglycemia and
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achievement of excellent glycemic control, was met in 87% of
patients, while insulin independence at 1 year was achieved in
52.1%. Functioning islet transplants, defined as basal or stim-
ulated C-peptide > 0.3 ng/mL, remained at 94% at 1 year. The
authors highlight the elimination of severe hypoglycemic
events and the restoration of hypoglycemia awareness without
an increase in glycated hemoglobin (HbA1c) levels, rather
than insulin independence. Scheduled immunosuppression
was similar to that of previous standard protocols, with
antithymocyte globulin (ATG) plus etanercept at first infusion,
basiliximab in place of ATG at subsequent infusions, and
Edmonton protocol immunosuppression (sirolimus and low-
dose tacrolimus) for chronic maintenance. Themain limitation
of this study is its short follow-up (1 year). A longer follow-up
of 4 years is reported in a clinical trial based on the same
immunosuppression for induction, using cyclosporine and
everolimus as maintenance [15]. Insulin independence was
achieved in five of six patients and was maintained for 3.4 ±
0.8 years in four of them. Another single-center trial, based on
Edmonton protocol immunosuppression, showed prolonged
islet-function survival at 4 years, with a 57% rate of insulin
independence at the last follow-up. The results of this study
highlighted the correlation between good primary graft func-
tion and long-term outcome [16]. One randomized controlled
trial compared the efficacy of islet transplantation and insulin
therapy in patients who had severe hypoglycemia or hypogly-
cemia unawareness or who received kidney grafts and had
poor glycemic control [17]. The primary endpoint was the
modified beta score (the overall score was not zero when the
stimulated C-peptide was negative) of 6 or higher after the first
6 months. Fifteen university hospitals were involved; 26 pa-
tients were assigned to islet transplantation and 24 to intensive
insulin treatment. Sixteen patients receiving islet transplanta-
tion had a modified beta score of 6 or higher, versus none of
the insulin-treated patients. Considering glycated hemoglobin,
patients who received islet transplants had a normal value (38
mmol/mol), versus higher levels (66 mmol/mol) in the insulin
group. The study design was very interesting, but it was lim-
ited by its short follow-up (6 months).

It is particularly important to emphasize that no major ad-
verse events related to intraportal islet infusion have been
observed in clinical studies. Ultrasonography combined with
fluoroscopic guidance for portal puncture was associated with
low risk of hemorrhage (5%), which resolved spontaneously
[18]. Partial portal thrombosis, another complication related to
the post-infusion period, was observed in 3.7% of cases, with
spontaneous recovery after medical treatment [19].

Pancreas Transplantation

The first simultaneous pancreas-kidney transplant (SPK) was
performed in 1966 at the University ofMinnesota (USA) [20].
Thereafter, the number of pancreas transplantations increased

progressively worldwide, characterized by different surgical
techniques, immunosuppressive regimens, and finally, stan-
dardized indications [21]. In 2014, the Organ Procurement
and Transplantation Network (OPTN) Board of Directors ap-
proved a uniform definition of graft failure, as follows: (1)
removal of the transplanted pancreas, (2) insulin use > 0.5
U/kg/day for more than 90 consecutive days, or 3) recipient
death (with a functioning graft) [22].

The University of Minnesota, the institution that pioneered
pancreatic transplantation, has from the very beginning car-
ried out the difficult task of maintaining an international reg-
istry, providing a clear picture of this procedural development
over time. From December 1966 to December 2016, more
than 50,000 pancreas transplants worldwide were reported to
the International Pancreas Transplant Registry, with more than
30,000 performed in the USA [23]. The three leading recipient
categories were SPK, PAK, and PTA.

Data from the US United Network for Organ Sharing
(UNOS) updated in 2015, which included 21,328 US pancre-
atic transplantations performed from 1984 to 2009 with a
follow-up of at least 5 years, showed SPK to be the most
frequent procedure (78.5%); PTA remained stable over the
previous 10 years, at 6.9% of the total, while PAK occurred
at a rate of 14.6% [21]. Focusing on PTA, 90.5% of recipients
had survived at 4 years. This rate is higher than that of patient
survival while on the waiting list (87.3%), which has impor-
tant implications, considering the indication criteria for candi-
dates such as life-threateningmetabolic complications or com-
plete failure of insulin therapy [24]. Graft function was de-
fined by long-term insulin independence, while graft failure
was defined as the need for exogenous insulin therapy, or the
occurrence of death with graft function or with partial func-
tion. Five- and 10-year PTA graft survival rates in the most
recent period reached 55% and 50%, respectively.
Immunosuppression trends have not changed a great deal over
the past 10 years, although the use of more aggressive induc-
tion with T-cell-depleting regimens has continued to increase,
and tacrolimus has evolved to become the calcineurin inhibi-
tor of choice, with 95.5% of programs reporting its use in
maintenance therapy [25] in conjunction with mycophenolate
mofetil. Despite the extensive use of strong standard immu-
nosuppressive regimens, immunological aspects seem to play
an important role in graft survival, especially during the first
year. Immunological graft loss of 5.6% at 1 year was reported
for the period between 2011 and 2016 [23], although the
method of diagnosis, treatment option, and graft rescue were
not specified. Additional details were described in a biopsy-
proven rejection study: pancreas rejection of any type (acute
cellular rejection [ACR], antibody-mediated rejection [AMR],
mixed ACR/AMR) occurred in 21% of patients undergoing
different types of pancreatic transplant (SPK, PAK, PTA).
AMR occurred 19% of the time after PTA, and 9% of the time
after SPK. Graft failure occurred in 20% of cases of AMR,
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despite a specified treatment regimen (steroids, plasmaphere-
sis, intravenous immunoglobulin [IVIg], rituximab) [26].
Finally, surgical complications in PTA must be considered,
as they increase the risk of graft loss and patient morbidity
during the early post-transplant period. Technical complica-
tions in PTA occurred in 10% of recipients: graft thrombosis
in 4.9% of cases, pancreatitis in 1.9%, abdominal infections in
1.2%, bleeding in 0.6%, and leakage in 0.3% [27]. Early graft
failure was seen in 9.4% of cases [25].

Long-Term Benefits
Concerning Complications

The results of ITA and PTA should be considered not only for
their effectiveness in short- or long-term glycemic control, but
also regarding the natural history of the complications of
chronic diabetes. SPK and IAK long-term follow-up studies
show improved clinical outcome after the normalization of
glycemic control following transplantation. These patients
demonstrate longer survival, fewer cardiovascular events, bet-
ter transplanted kidney function, and improvements in periph-
eral and central neuropathy [28–33] when compared with pa-
tients with T1D who undergo kidney transplant alone.

Solitary islet or pancreas transplants have demonstrated
several advantages regarding the progression of complications
in chronic diabetes. As mentioned above in the UNOS data,
mortality 4 years after PTAwas lower than that in patients on a
waiting list for this procedure (90.5% vs. 87.3%) [24], sug-
gesting that surgery and immunosuppression are minor sur-
vival risk factors compared to brittle diabetes.

Cardiovascular risk factors, lipid profiles (total and LDL
cholesterol), and blood pressure improved significantly at 5
years after PTA [34]; echocardiographic parameters, including
diastolic indexes, were better at 8 years [35]. Both studies
were descriptive, without a control group.

Retinopathy assessed 30 months after PTA in patients with
non-proliferative retinal changes showed stabilization in 50%
of cases, and 50% even showed improvement, while the con-
trol group undergoing insulin treatment demonstrated deteri-
oration in 70% of cases [36]. Furthermore, a comparison be-
tween patients undergoing ITA and those on a waiting list
revealed that central retinal velocity blood flow improved sig-
nificantly 1 year after ITA [37].

Brain impairment, chronic cerebrovascular disease, and
cognitive decline, all of which are characteristics of T1D, were
recently studied using advanced technology, which showed
normalization after a 5-year follow-up period of sustained
normoglycemia in recipients of SPK [33]. After 15 months,
patients who underwent ITA also showed an improvement in
cerebral morphology, metabolism, and hemostatic profile
using magnetic resonance imaging, nuclear magnetic reso-
nance spectroscopy, and enzyme-linked immunosorbent assay

(ELISA)/electron microscopy, along with neuropsychological
evaluation. In the same study, platelet activation and pro-
thrombotic factors reached near-normal values, leading to a
reduced risk of hyper-coagulation when compared with pa-
tients on a waiting list for transplantation [38].

The role of ITA and PTA in nephropathy remains rather
controversial, even though reversal of biopsy-proven diabetic
lesions in the native kidney 10 years after PTA has been de-
scribed [39]. Furthermore, a significant reduction in protein-
uria some years after PTA [40] has been noted, despite cal-
cineurin inhibitors [41]. In ITA, we have observed a decline in
kidney function under tacrolimus and sirolimus only in pa-
tients suffering frommild nephropathy prior to islet transplan-
tation [42]. In a similar setting, an abnormal glomerular filtra-
tion rate (GFR) and albuminuria at baseline have been report-
ed as predictors of poorer kidney function after ITA [43].

Interestingly, one paper reports the outcome of a prospec-
tive one-way crossover cohort study comparing intensive in-
sulin therapy and ITA [ref]. The median follow-up was 47
months for the insulin treatment group and 66 months for
the ITA group. The authors analyzed both metabolic control
and microvascular complications. Glycated hemoglobin was
significantly better with ITA (6.7% ± 0.2 vs. 7.8% ± 0.3 in
insulin-treated participants), and participants who received
ITA showed no progression of retinopathy, while insulin-
treated patients had significant progression regardless of base-
line grading (mild/moderate/severe non-proliferative retinop-
athy, proliferative retinopathy). A more rapid decline of GFR
was observed in insulin-treated patients than in ITA patients
already affected by micro- or overt albuminuria [44]. Similar
studies do not exist for PTA.

Conclusions and Proposals

Pancreas and islet transplantation alone are presently consid-
ered potential options for the treatment of T1Dwhen intensive
insulin therapy fails and acute complications affect everyday
life. Since 2000, the American Diabetes Association position
statement has clearly delineated the indications for PTA, de-
fining ITA as an experimental procedure that should be carried
out only within the setting of clinical controlled trials. After
the positive Edmonton experience and the establishment of
several centers for islet processing and transplantation, ITA
exited the experimental phase and became a feasible alterna-
tive to PTA in the clinical setting. The clinical indications for
the two procedures have meanwhile expanded, with a degree
of overlapping.

To choose between PTA and ITA, several items require
consideration:

(1) Biological costs in terms of organ consumption. While
PTA requires a single donor, ITA requires several
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donors: islet processing is effective in producing trans-
plantable islets in 50–89% of the pancreases processed.
Furthermore, one to four infusions are required to
achieve the desired clinical effects [45••], making the
whole procedure wasteful. Organ shortage is one of the
major factors limiting islet transplantation, and the need
for more than one donor increases waiting-list time.

(2) Biological costs in term of procedural complications and
morbidity during follow-up. In PTA, technical complica-
tions such as thrombosis, bleeding, and duodenal leaks
can lead to re-laparotomy, and are also a risk factor for
graft loss and morbidity. No major procedural complica-
tions have been registered during or following ITA
infusion.

(3) Clinical outcomes. Insulin independence is achieved
promptly upon whole pancreas transplantation,
whereas it is delayed, sometimes by months or
years, after islet transplantation (depending on the
number and time of infusions and engraftment of

the tissue). Conversely, recovery from hypoglyce-
mia unawareness and/or stable glycemia, with or
without exogenous insulin, and graft lifespan are
similar.

(4) The baseline clinical condition of the recipient. The oc-
currence of accidents related to hypoglycemia and insu-
lin therapy, their frequency, and their incompatibility
with everyday life are tolerated differently from one pa-
tient to another, depending on the severity of symptoms.
The presence of cardiovascular disease that makes sur-
gery unacceptable or risky is a crucial criterion for trans-
plantation selection: pancreas has high surgery risk; islet
has no surgery complications.

(5) The patient’s preference and perception of risks and ben-
efits for each procedure are essential.

In conclusion, the transplant team should consider the
above points to tailor the best approach for each patient. In
Table 1 we report the potential outcome/results/risks of pan-
creas and islet transplantation, and in Fig. 1 we propose a
flowchart to define when to perform pancreas or islet trans-
plantation. This is based on the established clinical indications
for pancreas transplantation, and considers the impact on the
degenerative complications of diabetes in both procedures as a
potential benefit. Cardiovascular disease is not an outcome-
driven criterion, and undoubtedly represents an exclusion cri-
terion for pancreatic transplantation only. Outcome-driven
criteria are the basis for the following choices: pancreatic
transplantation is recommended in the presence of severe hy-
poglycemia, rapid progression of complications, and patient
motivation, notwithstanding the clinical risk; islet transplanta-
tion is recommended in the presence of severe hypoglycemia

Table 1 Results and risks of pancreas (PTA) and islet (ITA)
transplantation alone

PTA ITA

Patient survival at 5 years 91%a NA

Insulin independence at 3 years 61% 44%b

C-peptide > 0.3 ng/mL at 3 years NA 83%b

Technical complications 10% 3.1%b

NA not applicable
a OPTN/SRTR 2016 Annual Data Report: Pancreas [6•]
b Improvement in outcomes of clinical islet transplantation: 1999–2010 [7]

cardiovascular  disease* No No Yes

hypoglycemia severity grade** Yes Yes Yes/No
fast progression of chronic complications
(potential reversal with PTA)** 

Yes No Yes/No

patient's willingness** High Mild Yes/No
propensity risk** High Mild Yes/No

Choice PTA ITA ITA
* not outcome-driven

** outcome-driven

ADA: Indications for PTA and suggestions for ITA

- hypoglycemia unawareness
- extreme glycemic lability
- failure of advanced insulin therapy

(CGM/CSII technologies)

Clinical Assessment

- cardiovascular examination (surgical risk)
- hypoglycemia severity grade 
- progression of chronic complications 

(retinopathy, neuropathy)
- expectations of the patient

Fig. 1 Flowchart proposal to
define when to carry out pancreas
(PTA) or islet (ITA)
transplantation alone
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which is not accompanied by a rapid evolution of complica-
tions, while patient motivation remains paramount.
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