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ABSTRACT Numbers of pancreas transplants have been decreasing over the past
decade, but outcomes continue to improve for all types: simultaneous pancreas-
kidney transplant, pancreas after kidney transplant (pak), and pancreas transplant
alone (pta). The most notable decrease occurred for PAK transplants, possibly due in

part to decreases in numbers of living donor kidney transplants. The number of new
candidates on the pancreas transplant waiting list has decreased steadily since 2000;

only 1005 active candidates were added in 2011. Transplant rates for all pancreas trans-
plant types reached a low in 2011 of 34.9 transplants per 100 wait-list years. Deceased

donation rates have also been decreasing since 2003, but use of donation after circu-
latory death has been gradually increasing. The discard rate in 2011 was 27.7%, and

higher for pancreata recovered from older donors. Improved outcomes during the

early posttransplant period largely reflect improved donor and recipient selection and

improved technical strategies. Inconsistent definitions of graft failure across reporting

centers creates an ongoing challenge in the interpretation of outcome data for pan-
creas transplants. Rates of posttransplant re-hospitalization are high, most occurring

in the first 6 months. Rejection rates are highest for pTa recipients, who also experi-
ence higher incidence of posttransplant lymphoproliferative disorder.

KEY WORDS Diabetes mellitus, pancreas transplant, transplant outcomes, transplant
waiting list.

A second chance in life is the greatest gift
J U ever receive. My donor — he still lives
instde of me. Tis legacy lives on. And he's
never forqotlen.

Cherilyn, kidney/pancreas recipient
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Introduction

Pancreas transplant remains a viable option for beta cell
replacement in insulin-dependent diabetes mellitus, mostly
type L. Although the number of pancreas transplants has been
decreasing in the past decade, outcomes continue to improve
for all groups of pancreas transplant: simultaneous pancreas-
kidney transplant (SPK) and solitary pancreas transplant
(pancreas a er kidney transplant [PAK] and pancreas trans-
plantalone [PTA]). e improving outcomes are mainly due
to improvements in immunosuppression, surgical technique,
and donor-recipient selection.

The decrease in the number of pancreas transplants is
partlya ributable to improved insulin delivery systems, con-
cerns about outcomes a er solitary pancreas transplant (1),
and potentially a renewed interest in islet transplant. Even
though isolated reports suggest that 5-year islet transplant
outcomes at a single center have matched pancreas transplant
outcomes, the current consensus seems to be that pancreas
transplant is superior to islet transplantine  ciency and dura-
bility.  is view may change in the future, resulting in more
islet transplants being performed.

e most notable decrease in pancreas transplants occurred
in the PAK group. is could be partially due to a decrease in
the number of living donor kidney transplants. Pancreas sur-
vival after PAK clearly lags behind pancreas survival in SPK,
although the kidney survival bene tin PAK (usually performed
with a living donor kidney) may o set this disadvantage.

The decrease in PAK transplants may be mitigated by
changes in national policy when implemented by the Organ
Procurement and Transplantation Network (OPTN). This
national policy was approved by the OPTN Board of Directors
in November 2010. A combined pancreas list for SPK and soli-
tary pancreas transplant (PAK and PTA) will give equal priority
to SPK and solitary pancreas candidates within locality, HLA
mismatch, calculated panel reactive antibody (CPRA) division,
and waiting time.

A detailed analysis of pancreas transplant trends over the
past decade is presented in the following sections.

Waiting List

Over the past decade, the number of new candidates on the
pancreas waiting list showed an increasing trend until 2000,
a erwhich it decreased steadily until 2011, when only 1,005
candidates joined the waiting list as active candidates (Figure
11). e proportion of older candidates (aged 50 to 64 years)
has gradually increased, with a corresponding decrease in
the proportion of younger candidates (aged 18 to 34 years)
(Figure 1.2). The percentage of white candidates (67.4% in
2011) has decreased, with a corresponding increase in the per-
centage of black candidates (17.8% in 2011). e percentage
of candidates reported to have type 2 diabetes has remained
stable (8.0% in 2010 and 2011). e percentage of obese can-
didates (body mass index [BMI] > 30 kg/mz2) is gradually
increasing, in keeping with national trends in the general
population. Although relatively fewer candidates are on the
waiting list, time on the waiting list has gradually increased
over the past decade. Whether this is due to more restrictive
acceptance criteria or the e ect of redundancy on the waiting
list is yet to be determined (Figure 1.2).

The distribution of newly listed candidates is similar to
that of all candidates on waiting list (Figures 1.2, 1.3). With the
introduction of the CPRA measure, the proportion of candi-
dates with a CPRA of less than 1% has increased to approxi-
mately 80% in the past 2 years (Figure 1.3).

e transplant rates for all three pancreas transplant groups
have decreased over the past few years, to an overall low in
2011 of 34.9 transplants per 100 wait-list years (PTA, 29.2 trans-
plants per 100 wait-list years; SPK, 41.8; PAK, 16.7) (Figure 1.4).

In 2011, 106 living donor kidney transplants were per-
formed in SPK wait-listed candidates, down from 143 in 2009
and 138in 2010 (Figure 1.5). is s consistent with the overall
decrease in living donor kidney transplants in 2011 (see kid-
ney chapter).

Outcomes for candidates on the waiting list over a 3-year
follow-up period (from the time of listing) are shown in
Figure 1.6. Median time to transplant for active candidates
in 2010 was 7.2 months for PTA, 12.3 months for SPK, and 10.1




months for PAK. is is shorter than the overall waiting time
(for active and inactive candidates) shown in Figure 1.7, espe-
cially in the PAK group, where inactive candidates are on the
list for a longer time.

e geographic variation by donation service area (DSA)
in waiting times for SPK is similar to that for kidney transplant
(Figure L1Lin kidney chapter). Local organ procurement orga-
nization (OPO) practices allowing for SPK prioritization for
kidney allocation play a role in this overall geographic varia-
tion. A universal SPK and PTA allocation policy approved by
OPTN in November 2010 is pending implementation. In brief,
the combined pancreas list will treat SPK, PAK, and PTA can-
didates equally.  is may eliminate variation caused by geo-
graphic practices in allocation policy.

Donation
Deceased donor pancreas donation rates have been decreasing
since 2005. In 2010, the overall rate reached a low for the past
decade of 2.4 donors per 1,000 deaths (Figure 2.1). However,
the donation rate for donors aged 15 to 34 years has remained
unchanged in the past 5 years, at approximately 15 donors per
1,000 deaths. Unadjusted geographic heterogeneity in dona-
tion rates is substantial (Figure 2.2). Pancreas recovery rate
per donor remains low. In 2011, pancreata were recovered
from 19% of all organ donors but only 13% were transplanted
(Figure 2.3). This includes donors of all age groups and
with all comorbid conditions (such as diabetes), so the true
denominator for suitable pancreas donors is presumably lower.
Approximately 79% of pancreata were part of a multi-vis-
ceral transplant in 2011, with 74% being kidney-pancreas trans-
plants (Figure 2.4).

e overall discard rate for pancreata recovered was 27.7%
in 2011; the highest rate (81.3%) was for pancreata recovered
from donors aged 50 years or older (Figure 25). e pancreas
donor risk index has been steadily decreasing over the past
decade, with a notable part of the decrease attributable to
shorter cold ischemia times (Figures 2.7, 2.8). Only donors
whose pancreata were transplanted are considered in these

calculations. The percentage of donation after circulatory
death (DCD) donors has remained relatively steady in the past
7 years, at approximately 3.5% (Figure 2.9).

Anoxic brain injury as a cause of death has been steadily
increasing, reaching a rate of 21.1% in 2011, with a corre-
sponding decrease in head trauma to 61.3% (Figure 2.10).

Transplant

e number of pancreas transplants has decreased every year
since 2004; 1,051 pancreas transplants were performed in 2011,

e greatest percentage decrease has been for PAK, followed
by SPK and PTA (Figure 3.1). e decrease in PAKs has become
the focus of discussion at meetings of the OPTN Pancreas
Transplantation Commi ee in recent years, with recognition
that the decrease may be partly a ributable to the decrease
in living donor kidney donation rates. In addition, variation
across OPOs that allows for preferential allocation of pancreata
to SPK candidates may likely be a factor.

Looking at subgroups of transplant recipients, the decrease
in transplant numbers is noted to be greatest in the most prev-
alent demographic groups. e greatest decreases have been
among recipients aged 35 to 49 years, recipients of white race,
recipients with a BMI of 18.5 to 24.9 kg/mz2, and recipients with
type L diabetes (Figure 3.2).

Over the past decade, pancreas transplant rates for wait-
listed candidates have steadily decreased (Figure 3.3). Use of
DCD donors has been gradually increasing. In 2011, approxi-
mately 3.1% of transplants were from DCD donors, with the
highest percentage in SPK (3.5%) and the lowest in PAK (0.9%)
(Figure 3.5). Geographically, transplant rates and use of DCD
donors varied widely (Figures 3.6, 3.7).

e characteristics of patients undergoing pancreas trans-
plant in 2011 are summarized in Figure 3.8. Approximately 55%
of all transplants were performed in patients aged 35 to 49
years. Women predominated in the PTA group, but not in SPK
or PAK. Approximately 25% of PTAs were performed for causes
other than diabetes or unknown. It is unclear whether this is
due to missing data or whether PTAs are being performed in
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substantial numbers for other reasons, such as surgical dia-
betes or disabling exocrine failure. In 2011, private insurance
covered 66.7% of PTAs, 42.0% of SPKs, and 48.3% of PAKs. In
contrast, Medicare covered only 22.5% of PTAs, but 49.3% of
SPKs and 45.6% of PAKs. Re-transplants constituted 5.3% of all
pancreas transplants, but 22.8% of PAK transplants.

Donor-Recipient Matching

The percentage of unsensitized recipients (0% PRA) has
been decreasing gradually; 62.4% were unsensitized in 2011
(Figure 4.1).

HLA trends for pancreas transplants showed that the per-
centage of highly mismatched transplants (5 or 6 mismatches)
has been increasing over the past few years across all groups
(Figure 4.2). However, that trend changed in the PTA group
in 2011, with an increase in better-matched patients (0 to 4
mismatches) compared with 2010. Whether be er matching
in this group is a one-time observation or the start of a trend
remains to be seen.

Donor-recipient virology data were analyzed for 2007-201L.
Overall, the virology results were similar to those reported
for 2005-2009 in the OPTN/SRTR 2010 Annual Data Report;
however, the percentage of donors positive for the Epstein-
Barr virus (EBV) increased from 61.2% in 2005-2009 to 89.1%
in 2007-201L. e percentage of high-risk transplants (D+/R-)
was 14.0% (Figure 4.7).

Cytomegalovirus analysis showed that high-risk transplants
(D+/R-) accounted for 27.8% of all transplants (Figure 4.6).

Donors positive for hepatitis B virus, hepatitis C virus, and
human immunode ciency virus (HIV) were extremely rare.
Only 0.7% of donors were positive for hepatitis B core anti-
body compared with 3.2% of recipients; 3.2% of recipients
were positive for hepatitis C virus, and 0.2% were positive for
HIV (Figures 4.8, 4.10, 4.11).

Outcomes
Despite the decreasing number of pancreas transplants being
performed nationally, the overall success for the procedure

continues to improve in all three categories (Figure 5.1).
Improvements during the early post-transplant period largely
reflect improved donor and recipient selection, as well as
improved technical strategies. e greatest improvement in
gra survival withinthe rst6weeksa ertransplant has been
in the PTA category. Continued improvements in the technical
strategies used with these patients can be a ributed in part to
abe erunderstanding of anticoagulation strategies in a non-
uremic state. e pancreas transplant community is in general
consensus that anticoagulation strategies are essential during
the perioperative periods in non-uremic recipients. Speci c
anticoagulation strategies continue to evolve and remain vari-
able between centers.  ese strategies take into account the
risk-to-bene tratio of clo ing (allogra thrombosis) versus
bleeding but are not tracked in the OPTN and SRTR database.
An ongoing challenge in the interpretation of the outcome
data for pancreas transplant results from the fact that the de -
nition of what constitutesagra failure is not consistent across
reporting centers. Some centers report asagra failure any
return to the use of agents directed at managing hyperglyce-
mia; other centers reportagra failure only when the recipi-
ent returns to pre-transplant levels for 24-hour insulin require-
ments. Although insulin independence is the gold standard by
which most centers reportgra failure, thisde nition needs to
be standardized across all centers to allow accurate interpreta-
tionofgra survival data. Keeping thisin mind, gra failure at
5 years for PTA and PAK is 40% to 50%, whereas the 5-year fail-
ure of the pancreas gra in SPK remains less than 20% (Figures
52,5.3,55). ebe erlong-term results for SPK versus PAK and
PTA undoubtedly represent the di  culty of detecting rejection
in the absence of a simultaneously transplanted kidney. Detec-
tion of an early rejection episode is more likely in SPK; since
an elevation in serum creatinine is a strong marker that will
trigger a further work-up for rejection. In PAK and PTA, such
a surrogate marker for pancreas rejection is unavailable. As a
result, serum hyperglycemia is frequently the rst warning for
pancreas allogra rejection, and by that late time the function
of the pancreas allogra  has been irreversibly compromised.




e 5-year kidney gra survival rate for SPK recipients con-
tinues to improve. For SPK transplants performed in 2005, the
adjusted 5-year kidney gra failure dropped below 20% and
rose only slightly for transplants in 2006 (Figure 5.4). The
excellent long-term results for kidneys transplanted simul-
taneously with a pancreas are in part related to the highly
selected nature of SPK deceased donors. In addition, early
rejection episodes in SPK recipients have decreased markedly
in the past decade (Figure 5.1); for SPKs performed in 2005-
20009, the incidence of rejection by the rst 12 months is 16%
(Figure 5.10). Kidney gra failure or death a er a PAK trans-
plant has steadily decreased. Five-year kidney gra failurea er
a pancreas transplant is less than 20% (Figure 5.6). Both kid-
ney and pancreas gra failures are predictive of patient death
a er PAK. However, kidney gra failure is a stronger predictor
for death; therefore, preservation of kidney functiona er PAK
is critically important.

Patients with either type 1 or type 2 diabetes are candi-
dates for pancreas transplant, but less than 10% of adult can-
didates waiting for a pancreas transplant are characterized
astype2. e characterization as type 1 or type 2 diabetes is
reported by the institution, but no strict data requirements
(i.e., detectability of c-peptide) are required for this classi ca-
tion. Despite this lack of strict de nition, it is interesting that
gra survival using unadjusted Kaplan-Meier methods shows
no great differences at 5 years, with pancreas graft survival
approximating 70% in both type 1 and type 2 diabetic recipi-
ents (Figure 5.7). Again, these data must be interpreted in the
context that pancreasgra survival may be de neddi erently
for type 1 versus type 2 diabetic recipients, and illustrates the
need for universal de nitions and standards for reporting pan-
creasallogra failure.

The challenges of pancreas transplant are reflected in
the very high rates of re-hospitalization among adults who
underwent a pancreas transplant in 2006-2011. Most of these
hospitalizations occurred within the rst 6 monthsa er the
transplant (Figure 5.11). Pancreas transplant is associated with
higher incidences of rejection compared with kidney trans-

plant, reflecting the relatively high immunogenicity of the
pancreas allogra (Figure 6.9 in kidney chapter). Figure 5.10
shows that PTA recipients have the highest incidence of rejec-
tion. This relates in part to their healthier overall state and
ability to mount a strong immune response as compared with
the uremic recipients of SPK. e higher immunosuppression
requirements associated with PTA are re ected in the mark-
edly higher incidence of post-transplant lymphoproliferative
disorder (PTLD) in this category of recipients (Figure 5.12).

e incidence of PTLD is higher in all EBV-negative recipients;
more than 6% of PTA recipients in this group were diagnosed
with PTLD within 18 months of pancreas transplant.

Immunosuppression

Pancreas allografts have always been regarded as highly
immunogenic, perhaps related to the need to overcome both
the alloimmune and autoimmune responses. Recognition of
the high degree of immunogenicity is evidenced by the fact
that T-cell depleting induction agents were used in more
than 70% of pancreas transplants performed in 2011 (Figure
6.2). Despite the known toxicity of tacrolimus to beta cells,
the combination of tacrolimus and mycophenolate mofetil
(MMF) has become the heavily favored maintenance regimen
(Figure 6.3).

e issue of steroid-free regimens remains controversial,
although the data suggest that approximately 40% of pan-
creas transplant recipients are on regimens that avoid steroids.
Despite the fact that mammalian target of rapamycin (mTOR)
inhibitors were reported to have less toxicity to the kidney
and beta cells, routine use of these agents in maintenance regi-
mens was reported in less than 20% of pancreas transplants at
discharge and 1yeara er the transplant (Figure 6.4).
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