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Abstract Pancreas transplantation offers a functional cure for
many patients suffering from diabetes mellitus. Although the
outcomes of pancreas transplants were originally plagued with
high rates of acute cellular rejection, innovations in immuno-
suppression regimens over the last two decades have helped
steadily improve the graft survival of pancreas transplants.
This review surveys the latest trends in immunosuppressive
management for pancreas transplant recipients, discussing the
controversies and weighing the evidence supporting induction
therapy, steroid avoidance/withdrawal, mTOR inhibitors, and
new regimens based on costimulatory blockade agents.
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Introduction

The last decade has posed a frustrating contradiction for the
field of pancreas transplantation: despite marked improve-
ments in graft outcome, the volume of pancreas transplants
has tapered substantially. In the USA, newly listed active can-
didates on the pancreas wait list declined from 2153 to 991

since 2003, and the number of pancreas transplants performed
in the USA similarly dropped over 30 % during the same time
period [1••]. In contrast, 1 year graft function for pancreas
transplants alone increased from 51.5 % in 1987–1993 up to
77.8 % in the 2006–2010 cohort [2]. Pancreatic graft out-
comes for simultaneous pancreas-kidney (SPK) transplants
were better, approaching 85 % at 1 year in the modern era
[3]. While technical innovations likely account for some of
the improved outcomes, recent innovations in pancreas trans-
plant post-operative management and immunosuppression
play a significant role. This critical review will examine the
latest evidence surrounding pancreas transplantation
immunosuppression.

Induction Therapies

One important innovation in pancreas transplant immunosup-
pression is the widespread adoption of induction therapy.
According to the Scientific Registry of Transplant Recipients
(SRTR), the percentage of adult transplant recipients receiving
some form of induction therapy at the time of transplant has
risen from 64 % to over 90 % over the last 15 years [3]. This
high-dose intravenous immunosuppression given at the time
of transplant serves to suppress early acute allograft rejection,
enables lower doses of maintenance immunosuppression to be
given, and may even promote the expansion of regulatory
immune cells that suppress alloreactivity [4]. In theory, induc-
tion therapy would be desirable for pancreas allograft recipi-
ents given the higher rate of rejection compared to recipients
of renal or liver allografts, as well as the greater difficulty in
diagnosing acute rejection in pancreatic allografts.

However, despite the nearly universal adoption of induc-
tion therapy for pancreas transplantation, available data
supporting its use is somewhat limited and often extrapolated
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from trials conducted in renal transplant recipients. Only two
multicenter randomized trials of induction therapy have been
performed in pancreas transplant recipients, and both of these
utilized daclizumab, an anti-CD25 (interleukin-2 receptor)
monoclonal antibody that has subsequently been withdrawn
from the market. The first of these, the PIVOT trial, compared
daclizumab to no induction in SPK transplant recipients treat-
ed with corticosteroid, tacrolimus, and mycophenolate mofetil
(MMF) as maintenance therapy [5, 6]. Similar rates of acute
rejection, kidney graft loss, and pancreas graft loss were seen
in both the daclizumab induction and no induction groups, at
both 6-month and 3-year time points. A second multicenter
induction trial was published in 2003, comparing no induction
to induction with interleukin-2 receptor antagonists (59 % of
induction group recipients) or T cell-depleting induction
(41 % of induction group) [7]. As with the earlier trial, there
were no significant differences in patient or graft survival at
1 year between the induction and no induction groups. There
was a trend towards a lower rate of biopsy-proven acute cel-
lular rejection within the first year of transplant (13 versus
21 %, p=0.08), but it did not reach significance [7].

In addition to these multicenter trials, a number of single-
center randomized trials of induction therapy versus no induc-
tion in pancreas transplant recipients have been conducted
over the last 20 years [8–10]. Corroborating the results of
the multicenter trials, a large single-center trial of
interleukin-2 receptor antagonists as induction therapy also
failed to find any improvement in graft survival, acute rejec-
tion rates or patient survival in the induction versus no induc-
tion groups at 6 months post-transplant [8]. Similarly, a study
comparing induction with rabbit anti-thymocyte globulin
(thymoglobulin) versus no induction in SPK transplant recip-
ients found equivalent levels of graft and patient survival in
both groups, although there was a significantly lower rate of
biopsy-proven renal allograft rejection in the group that re-
ceived induction therapy (36 versus 76 %, p<0.01) [10].
These somewhat ambivalent findings were also reflected in a
large retrospective analysis of registry data examining 6860
SPK transplant recipients in the USA. This registry analysis
found that regardless of whether no induction, alemtuzumab
induction, thymoglobulin induction, or basiliximab induction
was employed, there was no significant difference in patient
survival, pancreas or renal allograft survival, or delayed renal
graft function. However, use of any induction therapy was
definitely associated with higher rates of rehospitalization
within 6 months of transplant, likely due to heightened risks
of infectious complications [11••].

Over the last decade, SRTR data reveals a clear trend away
from the use of interleukin-2 receptor antagonists (e.g.,
basiliximab) for induction in pancreas transplant recipients
and towards T cell-depleting induction agents such as
alemtuzumab and thymoglobulin. During the past 10 years,
use of interleukin-2 receptor antagonists has dropped by half

(to 10 % of pancreas recipients), whereas almost 80 % of pan-
creas recipients now receive induction with some form of T
cell-depleting agent [1••]. Several single-center retrospective
analyses of interleukin-2 receptor antagonists versus T cell-
depleting agents as pancreas transplant induction agents have
been published. Bazerbachi et al. compared thymoglobulin in-
duction with basiliximab induction in SPK transplant recipi-
ents, demonstrating lower rates of acute rejection both at
3 months and at 1 year post-transplant with thymoglobulin,
although there was no statistically significant difference in re-
nal or pancreatic allograft survival between these two induction
regimens [12]. In contrast, Magliocca et al. published a similar
retrospective trial of alemtuzumab induction versus
basiliximab in SPK transplant recipients at the University of
Wisconsin, and they found no difference in the rates of graft
survival or acute rejection between the two induction regimens,
although there was a higher rate of cytomegalovirus (CMV)
viremia in the recipients treated with alemtuzumab [13, 14].

Several studies comparing alemtuzumab and thymoglobulin
as induction agents have been conducted. One single-center
randomized controlled trial by Farney et al. evaluated the two
induction regimens in a mixed study population of patients
receiving either a kidney transplant alone or a simultaneous
pancreas-kidney transplant [15•, 16, 17]. A 5-year follow-up
revealed no significant differences between the two groups for
patient, renal graft, or pancreatic graft survival. Likewise, there
was no difference in glomerular filtration rate, hemoglobin
A1c, or C-peptide levels after 5 years in either induction group.
However, there was a non-significant trend towards decreased
rates of acute rejection (21 % alemtuzumab versus 44 %
thymoglobulin, p= 0.12) and major infections (39 versus
67 %, p=0.13) with alemtuzumab use, and the rates of CMV
viremia were significantly lower with alemtuzumab (0 versus
17 %, p=0.05) [15•]. Furthermore, a preliminary analysis
found alemtuzumab induction was more cost-effective than
thymoglobulin ($1474 versus $4996, p<0.001) [16]. A second
single-center randomized trial also compared alemtuzumab
with thymoglobulin induction. Recipients of alemtuzumab in-
duction received tacrolimus monotherapy as maintenance im-
munosuppression, whereas those receiving thymoglobulin re-
ceived tacrolimus+MMF+steroids as maintenance [18]. In
contrast to the trial by Farney et al., this study found no differ-
ence in either allograft survival or rates of pancreatic or kidney
acute rejection [18]. Another single-center retrospective trial
also found no difference in rejection rates or graft survival
between thymoglobulin and alemtuzumab induction [19].

In summary, few studies of induction therapy have demon-
strated an impact on graft or patient survival. Several trials
have demonstrated a potential benefit with lower rates of early
acute rejection in patients treated with T cell-depleting induc-
tion agents such as alemtuzumab and thymoglobulin.
Additionally, some evidence suggests that induction therapy
lowers the risk of recurrent autoimmune diabetes in type 1
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diabetics receiving pancreas transplants [20•]. These benefits
may be at the cost of increased rates of CMV viremia, ranging
from 16 to 46 % in published studies (although at least one
group found a similar low rate of tissue-invasive CMVregard-
less of whether induction is used) [4, 7].

Steroid Withdrawal and Steroid-Sparing Regimens

Another important trend in pancreas transplant immunosup-
pression over the past decade is growth in the number of
patients receiving steroid-sparing regimens or regimens with
a rapid steroid withdrawal (usually defined as within 14 days
post-transplant). According to SRTR data, since 1998 the rate
of corticosteroid usage at the time of pancreas transplant has
plummeted from 93.7 to 65.7 %, and a similar growth was
observed in the percentage of pancreas transplant patients re-
ceiving steroid-sparing maintenance immunosuppression [1••,
3]. Corticosteroids not only promote hyperglycemia and post-
transplant diabetes, but additionally induce hypertension and
hyperlipidemia, which together serve to increase the cardio-
vascular risk of pancreas transplant recipients [21]. Death with
a functioning graft is the leading cause of graft loss in SPK
transplant recipients, and the vast majority of these recipient
deaths are due to cardiovascular causes [2], suggesting any
change in immunosuppression that alters these cardiovascular
risks would be desirable.

Many studies of steroid-sparing pancreas transplant immu-
nosuppression have been published, mostly as non-
randomized retrospective case series [22–35]. Perhaps the
largest retrospective review of over 27,000 pancreas trans-
plants in the UNOS database found that steroid maintenance
therapy was significantly associated with an increased risk of
infectious complications compared to recipients receiving
steroid-free maintenance immunosuppression. It was not as-
sociated with any significant difference in long-term patient or
graft survival [36••].

Although the majority of data supporting steroid-sparing
immunosuppression or early steroid withdrawal is challenged,
several high-quality randomized trials and meta-analyses have
been conducted. A Cochrane database meta-analysis on ste-
roid avoidance or withdrawal for pancreas transplant recipi-
ents was recently published in 2014 [37•] and identified three
randomized controlled trials (RCTs) of steroid-sparing or
steroid-minimizing immunosuppression in pancreas trans-
plant patients [38–40]. In the first, Gruessner et al. examined
chronic maintenance immunosuppression with steroids versus
withdrawal of steroids within 4 to 8 weeks post transplant in a
mixed group of SPK and pancreas-after-kidney transplant re-
cipients [39]. The main finding was that neither acute rejection
rates nor graft loss increased with the cessation of steroids.
The only notable difference between the treatment groups
was a reduction in cholesterol levels noted at a 6-month

fol low-up in the steroid withdrawal group [39] .
Subsequently, this same center published in abstract form a
later randomized trial comparing rapid steroid withdrawal
(within 4 days of transplant) with late withdrawal (over a
period of 6 months) in a separate group of SPK transplant
recipients who received induction therapy with thymoglobulin
[40]. There was no difference in graft survival in either group,
although the serum lipid profile was better in the group rapidly
weaned off steroids [40]. In the last of these studies,
Cantarovich et al. at Nantes University Hospital compared
steroid-sparing immunosuppression with late steroid with-
drawal at post-op day 90 in a group of SPK transplant recip-
ients [38]. There was no difference in biopsy-proven acute
rejection rates, pancreas or kidney graft survival, or patient
survival between the steroid and steroid-free regimens. In con-
trast to the earlier trials, no difference in lipid profile was noted
between the two groups. There were a significantly higher
number of urinary tract infections in the late withdrawal group
compared to the steroid avoidance group. Renal function (as
measured by serum creatinine level at 1 year) was significant-
ly worse in the group of recipients treated with the steroid-free
regimen [38]. Thus, none of these randomized trials demon-
strated an adverse impact of steroid withdrawal on graft sur-
vival, and the majority demonstrates possible cardiovascular
benefits (and possibly decreased rates of infectious complica-
tions) with early steroid withdrawal or steroid-sparing
regimens.

A central weakness of all three trials is the short-term fol-
low-up of 6 months to 1 year. The finding of higher serum
creatinine levels 1 year after transplant in SPK recipients treat-
ed with the steroid-sparing regimen in the Cantarovich et al.
trial might be a concerning indicator of later consequences of
steroid avoidance. Given the available data, it is unsurprising
that the Cochrane review determined that insufficient evi-
dence for benefit or harm of steroid withdrawal in pancreas
transplantation can be identified [37•].

mTOR Inhibitors

The use of mTor inhibitors in pancreas transplant was first
described in 2000 [41] and is now incorporated in mainte-
nance immunosuppression regimens at many centers. mTOR
inhibitors were swiftly embraced by many pancreas transplant
centers as a result of presumed lower nephrotoxicity. Within
2 years of introduction, initial mTOR inhibitor use increased
from 1 to 19 % of all adult pancreas transplant recipients [3].
Subsequent enthusiasm has waned somewhat over the
past decade, and now, the latest SRTR data suggests
that only 7 % of pancreas transplant recipients are
started with de novo mTOR inhibitors as part of their
immunosuppression regimen [1••].
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While corticosteroids and calcineurin inhibitors (CNI) are
mainstays of pancreas transplant immunosuppression, both
induce hyperglycemia and diabetes [21]. mTOR inhibitors
may offer a potential means ofminimizing or even eliminating
diabetes-inducing drugs from pancreas transplant immuno-
suppression regimens. For example, many corticosteroid-
sparing immunosuppression regimens depend on T cell-
depleting induction therapy (usually thymoglobulin) with
maintenance immunosuppression based on the combination
of low-dose CNI (usually tacrolimus) and either sirolimus or
everolimus [19, 30, 42–44]. Other investigators have de-
scribed using everolimus in a steroid-free protocol to reduce
CNI dosage [45, 46]. Sirolimus has also been used as a rescue
therapy in pancreas transplant recipients who develop chronic
allograft nephropathy from CNI nephrotoxicity, with im-
proved renal function after conversion to sirolimus [47–49].
Although wound healing and post-op fluid collections are
concerns with mTOR inhibitor use, at least one randomized
trial found no difference in early complication rate in SPK
transplant recipients treated with tacrolimus/MMF versus
tacrolimus/sirolimus maintenance immunosuppression [50].
Furthermore, although mTOR inhibitors are known to exacer-
bate proteinuria, at least one study of SPK transplant recipi-
ents on a regimen including sirolimus found no increase in
proteinuria or serum creatinine compared to those receiving
conventional immunosuppression [51].

Other trials have employedmTOR inhibitors as a substitute
for MMF, seeking to avoid the leukopenia and GI toxicity
often associated with MMF. Ciancio et al. at the University
of Miami conducted a randomized single-center trial of
sirolimus versus MMF in SPK transplant recipients also re-
ceiving low-dose tacrolimus and corticosteroid immunosup-
pression [52]. Compared to MMF, freedom from biopsy-
proven acute kidney or pancreas rejection was superior for
sirolimus at both 1 year and 10 year time points. However,
there was no significant difference in overall patient or
graft survival between the sirolimus and MMF groups
[52]. Sageshima et al. conducted a similar retrospective
study using everolimus rather than sirolimus, and com-
pared to MMF maintenance therapy there was equivalent
short-term patient and graft survival [53•]. Everolimus
and sirolimus may have a role in pancreas transplant pa-
tients who develop leukopenia or GI intolerance associat-
ed with MMF use [21].

Finally, mTOR inhibitors may enable the escalation of
immunosuppression in immunologically challenging pan-
creas transplant recipients. For example, one retrospective
study found that in an immunologically high-risk recipient
population (i.e., young recipients of pancreas transplants
alone), addition of sirolimus to conventional maintenance
immunosuppression with long-term prednisone, tacroli-
mus and MMF was associated with higher rates of long-
term graft survival [54].

Costimulatory Blockade

The newest strategy to minimize toxicity in pancreas trans-
plant immunosuppression is the use of costimulatory blockade
agents. These agents are utilized to eliminate chronic exposure
to CNI, since maintenance therapy with CNI such as tacroli-
mus or cyclosporine is associated with nephrotoxicity and a
host of metabolic side effects including hyperglycemia [21,
46]. In one study of pancreas transplant alone, high tacrolimus
levels (>12 mg/dL) at 6 months post transplant was the only
independent risk factor associated with decline in native renal
function [55]. As a result, many efforts have focused on reg-
imens that do not rely on calcineurin inhibitors. One of the
most promising regimens utilizes belatacept, a costimulatory
blockade drug that suppresses alloresponses by blocking the
critical CD28 costimulatory signals required for full activation
of alloreactive T cells [56]. In renal transplant recipients,
belatacept was shown to improve long-term renal allograft
function compared to conventional treatment with CNI-
based immunosuppression [57]. However, these long-term
superior outcomes come at the cost of an increased incidence
of early rejection.

The potential utilization of belatacept for pancreas trans-
plant immunosuppression was first demonstrated by the
Indiana University group, which published a case report of
two SPK transplant recipients who developed CNI toxicity
with the standard tacrolimus-based maintenance immunosup-
pression, and were subsequently transitioned successfully to
CNI-sparing belatacept maintenance therapy with improved
renal function and no pancreas or renal allograft rejection
[58••]. Outcomes of belatacept-based immunosuppression
for pancreas transplant recipients will be more fully evaluated
in the Clinical Trials in Organ Transplantation 15 (CTOT-15)
trial, which utilized a calcineurin-inhibitor sparing regimen
with belatacept maintenance therapy in SPK transplant recip-
ients. The findings of this trial are expected to be published in
Spring 2016.

Conclusion

Advances in transplant immunosuppression over the past
20 years can be credited with many of the notable improve-
ments in pancreas allograft and patient survival. Many of these
innovations seek to eliminate components of traditional im-
munosuppression (such as prednisone and tacrolimus) that are
known to cause hyperglycemia, diabetes, increased cardiovas-
cular risk (via hyperlipidemia and hypertension), and nephro-
toxicity. The widespread adoption of both induction therapy
and steroid-sparing/early steroid withdrawal regimens exem-
plifies these developments. mTOR inhibitors such as
sirolimus have also been employed to achieve similar goals.
F ina l ly, be la tacept i s the f i r s t novel t ransplant
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immunosuppression drug in almost two decades, and it also
offers a potential means of eliminating nephrotoxic mainte-
nance immunosuppression with tacrolimus. Fifty years after
the first successful human pancreas transplant, there still re-
mains no consensus on the Bgold standard^ immunosuppres-
sion regimen for pancreas transplant recipients. Even less is
known about the proper immunosuppressive management of
sensitized pancreas transplant recipients, a group at high risk
of rejection and graft loss. Much of the published evidence
that guided the development of current pancreas transplant
immunosuppression regimens is either conflicting, based on
non-randomized patients, or otherwise of marginal quality.
Further research is therefore vitally necessary to better delin-
eate the ideal immunosuppression regimen for pancreas trans-
plant recipients.
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