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Abstract

BACKGROUND

Pancreas transplant is the only treatment that establishes normal glucose levels for
patients diagnosed with diabetes. However, since 2005, no comprehensive
analysis has compared survival outcomes of: (1) Simultaneous pancreas-kidney
(SPK) transplant; (2) Pancreas after kidney (PAK) transplant; and (3) Pancreas
transplant alone (PTA) to waitlist survival.

AIM

To explore the outcomes of pancreas transplants in the United States during the
decade 2008-2018.

METHODS

Our study utilized the United Network for Organ Sharing Standard Transplant
Analysis and Research file. Pre- and post-transplant recipient and waitlist charac-
teristics and the most recent recipient transplant and mortality status were used.
We included all patients with type I diabetes listed for pancreas or kidney-
pancreas transplant between May 31, 2008 and May 31, 2018. Patients were
grouped into one of three transplant types: SPK, PAK, or PTA.

RESULTS

The adjusted Cox proportional hazards models comparing survival between
transplanted and non-transplanted patients in each transplant type group showed
that patients who underwent an SPK transplant exhibited a significantly reduced
hazard of mortality [hazard ratio (HR) = 0.21, 95% confidence intervals (CI): 0.19-
0.25] compared to those not transplanted. Neither PAK transplanted patients (HR
= 1.68, 95%ClI: 0.99-2.87) nor PTA patients (HR = 1.01, 95%CI: 0.53-1.95) exper-
ienced significantly different hazards of mortality compared to patients who did
not receive a transplant.
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CONCLUSION

When assessing each of the three transplant types, only SPK transplant offered a survival
advantage compared to patients on the waiting list. PKA and PTA transplanted patients
demonstrated no significant differences compared to patients who did not receive a transplant.

Key Words: Pancreas transplant; Simultaneous pancreas-kidney transplant; Pancreas after kidney transplant;
Survival; Diabetes mellitus; Insulin
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Core Tip: The total number of pancreas transplants has been in the decline in United States since
2003/2004. This study aimed to show acceptable survival outcome for diabetic patients receiving pancreas
transplant as a cure therapeutic approach.

Citation: Jarmi T, Brennan E, Clendenon J, Spaulding AC. Mortality assessment for pancreas transplants in the
United States over the decade 2008-2018. World J Transplant 2023; 13(4): 147-156

URL: https://www.wjgnet.com/2220-3230/full/v13/i4/147.htm

DOI: https://dx.doi.org/10.5500/wjt.v13.i4.147

INTRODUCTION

The Diabetes Control and Complications Trial demonstrated the advantage of intensive diabetes
therapy in delaying the development of macro/microvascular diabetic-related complications and
decreasing the overall mortality rate of diabetic patients[1-4]. It is clear, however, from follow-up
studies that the risk of developing secondary diabetic complications is not eliminated, and the incidence
of hypoglycemic episodes increases over time[5,6]. As a result, pancreas transplant is the only treatment
that restores normal glucose metabolism in insulin-dependent diabetic patients[7,8].

Pancreas transplants, in relation to kidney function, fall into three different categories: (1)
Simultaneous pancreas-kidney (SPK) transplant in patients with end-stage kidney disease (ESKD); (2)
Pancreas after kidney (PAK) transplant; and (3) Pancreas transplant alone (PTA) in patients with no
kidney disease[9]. Recipient and graft survival rates and the total number of pancreas transplants had
improved in all three categories since the introduction of the procedures. However, around 2003, the
number of pancreas transplants started to decline[10]. Multiple events and factors could explain the
paradoxical relationship between declining transplants despite improving outcomes[10]. One
contributing factor was that during the period, two major studies conducted by Venstrom et al[11] in
2003 and Gruessner et al[12] in 2005 showed inconsistency in reported outcomes of patients and grafts
after a pancreas transplant. Subsequently, the overall number of active pancreas transplant centers fell.
By 2016, only 11 centers in the United States performed more than 20 pancreas transplants a year, and
most centers performed less than 5 transplants annually[10,13]. Consequently, fewer surgeons are
adequately trained in pancreas donor recovery and transplant[14,15]. Since the 2003 and 2005 studies,
no comprehensive analysis has compared the outcomes of the three categories of pancreas transplant
and waitlist survival. To remedy this gap in our understanding, the present study analyzed the
mortality of transplanted vs wait-listed patients in all three pancreas recipient categories using United
Network for Organ Sharing (UNOS)/IPTR data from May 31, 2008 through May 31, 2018. We
hypothesized that since 2005, survival for each type of transplant will have improved. Specifically:

Hypothesis 1: PTA patients will have improved survival compared to those not transplanted.

Hypothesis 2: PAK patients will have improved survival compared to those not transplanted.

Hypothesis 3: SPK patients will have improved survival compared to those not transplanted.

MATERIALS AND METHODS

Data source and measures

Our study utilized the UNOS Standard Transplant Analysis and Research file[16]. This database
contains clinical and follow-up data for all transplants in the United States. Pre- and post-transplant
recipient and waitlist characteristics and the most recent recipient transplant and mortality status were
used. We included all patients with type I diabetes listed for pancreas or kidney-pancreas transplant
between May 31, 2008 and May 31, 2018. Any patients listed for pancreas or pancreas-kidney transplant
for the first time before or after those dates were excluded. Patients listed for any organ other than a
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pancreas, pancreas-kidney simultaneously, or were listed before May 31, 2008, were excluded. Patients
under 18 years of age were also removed, as were patients with missing waitlist ID or registration dates.

Patients were grouped into one of three transplant types: SPK, PAK, or PTA. Patients listed for
pancreas and kidney transplants at the same time (with overlapping waitlist times) or receiving a
pancreas and kidney transplant together were included in the SPK group. Patients listed for their first
pancreas transplant on or after May 31, 2008, and with a kidney or kidney-pancreas transplant record
before their listing for a pancreas transplant and those receiving a pancreas transplant after having a
kidney transplant were included in the PAK group. Finally, patients listed for or who received only a
pancreas transplant, having never been listed for or received a kidney transplant, were considered in the
PTA group. Patients were considered to have a pancreas transplant if they had a pancreas transplant ID
code and date. Patient death was defined as having a death date in the UNOS record, and patients were
censored at removal from the waiting list or at the date of the last follow-up unless a death date was
present. Waitlist times were calculated as the difference between first registration (INIT_DATE) and
waitlist removal date (END_DATE), death date (COMPOSITE_DEATH_DATE), or transplant date
(TX_DATE). If a patient was listed at multiple locations or had multiple entries, we determined the
unique days between first registration and the removal date, death date, or transplant date. If a
candidate was removed for being too sick to undergo their transplant and had a death date after being
removed, the time between removal and death was added to the waitlist time. Time from transplant to
death or loss to follow-up was calculated as the difference between the transplant date and death or last
follow-up date (PX_STAT_DATE).

Statistical analysis

Descriptive statistics were calculated for transplanted and non-transplanted waitlist patients for each
transplant type group. Means, standard deviations, and ranges are used to describe continuous
variables. Categorical variables are described by frequency and percentages. Cox regression models
comparing transplanted to non-transplanted patients used transplant as a time-dependent covariate,
with time on the waitlist as time interval one and time from transplant to death or last follow-up as time
interval two for transplanted patients. Adjustment variables included age at waitlist registration,
gender, race (white, black, or other), duration of diabetes (years from the date of diabetes onset to date
of waitlist registration), body mass index (BMI), Karnofsky functional status score, and presence of
peripheral vascular disease (yes or no). BMI and functional status were divided into common clinically
relevant groups operationalized into categorical variables. Adjustment variables were not considered as
time-varying. Adjusted Cox models comparing survival after transplant between transplant-type
groups only included transplanted patients and time from transplant to death or censoring. Additional
models for up to 90 d post-transplant, 91 to 365 d post-transplant, and over 1 year post-transplant were
also performed to compare survival within each period between transplant-type groups. These models
were adjusted for the same variables as the previous set of models, with the addition of years on the
waitlist. Hazard ratio (HR) and 95% confidence interval (CI) are reported[17]. All statistical analyses
were performed using R version 3.6.2 (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Demographic and clinical characteristics

There were 9498 patients listed for SPK transplant, 1111 Listed for PAK transplant, and 939 Listed for
PTA between May 31, 2008 and May 31, 2018. Of those, 6883 (59.6%) were transplanted, and 926 (8.0%)
died on the waitlist. The mean age at listing was 40.6 years (range: 18-73 years), and 6539 (56.6%)
patients were male. The majority of patients (7695, 66.6%) were white, 2187 (18.9%) were black, and 1666
(14.4%) were of other races. Almost 12 percent of patients were of Hispanic/Latino ethnicity. Most
patients (6931, 62.4%) had a high Karnofsky functional status score, 5347 (46.7%) had a normal BMI,
10217 (90.0%) did not have peripheral vascular disease, and the mean duration of diabetes before
registration was 26.5 years (Table 1).

Survival

Kaplan-Meier curves for each transplant type vs the wait list over 8 years of follow-up are shown in
Figure 1. When considering SPK transplant, there was a significant difference in the survival of the
transplanted vs non-transplanted group, starting immediately and growing as time progressed.
However, for PAK transplant and PTA, there was no separation between the groups over time,
identifying no survival differences.

Results of adjusted Cox proportional hazards models comparing survival between transplanted and
non-transplanted patients in each transplant type group are shown in Table 2. SPK transplanted patients
exhibited a significantly reduced hazard of mortality (HR = 0.21, 95%CI: 0.19-0.25) compared to those
not transplanted. Neither PAK transplanted patients (HR = 1.68, 95%CI: 0.99-2.87) nor PTA patients (HR
=1.01, 95%CI: 0.53-1.95) experienced significantly different hazards of mortality compared to patients
who did not receive a transplant. Associations of adjustment variables with mortality varied by
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Table 1 Demographic and clinical characteristics of patients listed for a pancreas transplant by transplant status and transplant type

(May 31, 2008-May 31, 2018)

SPK PAK PTA
Transplant (n ~ Waitlist(n P Transplant (n~ Waitlist(n P Transplant (n~ Waitlist(n P
=5834) = 3664) value =430) =681) value =619) =320) value
Age at registration (yr) <0.001 0.04 0.68
mean (SD) 40.1 (8.7) 41.0 (9.3) 40.6 (8.9) 41.8 (9.5) 41.7 (10.6) 41.4 (10.8)
Range 18.0-69.0 18.0-73.0 22.0-67.0 18.0 - 66.0 18.0 - 68.0 20.0 - 70.0
Gender <0.001 0.026 0.49
Female 2284 (39.1%) 1663 (45.4%) 174 (40.5%) 322 (47.3%) 378 (61.1%) 188 (58.8%)
Male 3550 (60.9%) 2001 (54.6%) 256 (59.5%) 359 (52.7%) 241 (38.9%) 132 (41.2%)
Race 03 0.08 <0.001
White 3732 (64.0%) 2295 (62.6%) 336 (78.1%) 502 (73.7%) 567 (91.6%) 263 (82.2%)
Black 1229 (21.1%) 781 (21.3%) 37 (8.6%) 88 (12.9%) 25 (4.0%) 27 (8.4%)
Other 873 (15.0%) 588 (16.0%) 57 (13.3%) 91 (13.4%) 27 (44%) 30 (9.4%)
Ethnicity 0.22 0.7 0.012
Hispanic/Latino 714 (12.2%) 480 (13.1%) 46 (10.7%) 78 (11.5%) 23 (3.7%) 24 (7.5%)
Non-Hispanic/Non- 5120 (87.8%) 3184 (86.9%) 384 (89.3%) 603 (88.5%) 596 (96.3%) 296 (92.5%)
Latino
Karnofsky score at 0.34 0.46 0.013
registration
High 3441 (60.7%) 2151 (61.9%) 291 (70.3%) 427 (66.6%) 392 (64.9%) 229 (74.1%)
Middle 2108 (37.2%) 1259 (36.3%) 114 (27.5%) 199 (31.0%) 195 (32.3%) 76 (24.6%)
Low 121 (2.1%) 63 (1.8%) 9 (2.2%) 15 (2.3%) 17 (2.8%) 4 (1.3%)
BMI at registration <0.001 0.038 0.82
Normal 2847 (49.1%) 1640 (45.2%) 200 (46.9%) 287 (42.5%) 240 (40.1%) 133 (41.8%)
Underweight 95 (1.6%) 60 (1.7%) 5 (1.2%) 8 (1.2%) 11 (1.8%) 4 (1.3%)
Overweight 2180 (37.6%) 1311 (36.2%) 172 (40.4%) 259 (38.4%) 231 (38.6%) 116 (36.5%)
Obese 674 (11.6%) 615 (17.0%) 49 (11.5%) 121 (17.9%) 117 (19.5%) 65 (20.4%)
Duration of diabetes (yr) 0.064 0.052 0.28
mean (SD) 26.3 (9.0) 26.6 (9.2) 26.9 (8.6) 28.0 (9.5) 26.6 (11.4) 25.8 (11.7)
Range 0.0-59.0 0.0-60.0 3.0-49.0 2.0-55.0 0.0-58.0 1.0-57.0
Peripheral vascular <0.001 0.96 0.78
disease at registration
No 5253 (91.5%) 3136 (87.4%) 384 (91.0%) 613 (91.1%) 545 (89.1%) 286 (89.7%)
Yes 488 (8.5%) 453 (12.6%) 38 (9.0%) 60 (8.9%) 67 (10.9%) 33 (10.3%)
Time on waitlist (yr) <0.001 <0.001 <0.001
mean (SD) 0.9 (1.0) 1.8 (1.7) 12 (1.1) 2.5 (2.0) 0.6 (0.8) 1.9 (1.9)
Range 0.0-74 0.0-103 0.0-59 0.0-99 0.0-6.7 0.0-10.0
Follow-up time after
transplant (yr)
mean (SD) 3.7 (2.5) NA 3.4 (2.6) NA 3.3 (2.5) NA
Range 0.0-10.1 NA 0.0-9.1 NA 0.0-9.1 NA

Continuous variables are presented as the mean and standard deviation (SD), and categorical variables are presented as frequency and percentage. SPK:
Simultaneous pancreas-kidney; PAK: Pancreas after kidney; PTA: Pancreas transplant alone; NA: Not available.
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Table 2 Adjusted Cox proportional hazards models comparing transplanted to non-transplanted patients within each transplant group
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SPK PAK PTA

HR (95%Cl) P value HR (95%Cl) Pvalue HR (95%Cl) Pvalue
Transplanted (No) Reference Reference Reference Reference Reference Reference
Transplanted (Yes) 0.21 (0.19, 0.25) <0.001 1.68 (0.99, 2.87) 0.06 1.01 (0.53, 1.95) 0.97
Age at registration 1.01 (1.00, 1.02) 0.04 1.03 (1.00, 1.06) 0.02 1.03 (1.00, 1.06) 0.03
Gender (F) Reference Reference Reference Reference Reference Reference
Gender (M) 0.97 (0.86, 1.08) 0.55 0.55 (0.35, 0.88) 0.01 1.46 (0.90, 2.37) 0.13
Race (White) Reference Reference Reference Reference Reference Reference
Race (Black) 1.05 (0.91, 1.22) 0.47 1.82 (0.89, 3.71) 0.1 0.34 (0.05, 2.54) 0.29
Race (Other) 0.74 (0.62, 0.89) 0.001 0.77 (0.34, 1.74) 0.53 1.27 (0.45, 3.61) 0.66
BMI (Normal) Reference Reference Reference Reference Reference Reference
BMI (Obese) 0.76 (0.63, 0.90) 0 0.46 (0.21, 1.04) 0.06 0.80 (0.39, 1.65) 0.54
BMI (Overweight) 0.87 (0.77, 0.99) 0.03 0.66 (0.40, 1.10) 0.11 0.85 (0.50, 1.46) 0.57
BMI (Underweight) 1.16 (0.77, 1.75) 0.48 3.15 (0.90, 10.96) 0.07 1.76 (0.41, 7.64) 0.45
Duration of diabetes (yr) 1.00 (0.99, 1.01) 0.96 0.99 (0.96, 1.02) 0.62 0.98 (0.96, 1.01) 0.21
Karnofsky score (High) Reference Reference Reference Reference Reference Reference
Karnofsky score (Low) 0.98 (0.60, 1.60) 0.94 2.77 (0.96, 7.95) 0.06 3.07 (0.39, 24.14) 0.29
Karnofsky score (Middle) 1.42 (1.26, 1.60) <0.001 0.89 (0.52, 1.52) 0.66 2.22 (1.35, 3.64) 0
Peripheral vascular disease ~ Reference Reference Reference Reference Reference Reference
(No)
Peripheral vascular disease ~ 1.40 (1.19, 1.66) <0.001 0.98 (0.44, 2.16) 0.95 0.99 (0.47,2.12) 0.99

(Yes)

SPK: Simultaneous pancreas-kidney; PAK: Pancreas after kidney; HR: Hazard ratios; CI: Confidence intervals; PTA: Pancreas transplant alone. Hazard

ratios and 95% confidence intervals result from multivariate Cox proportional hazards models using transplant as a time-dependent covariate.
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transplant type.

Results of adjusted Cox proportional hazards models comparing post-transplant survival between the
transplant-type groups are shown in Table 3. In the model that utilized all post-transplant follow-up
time, PAK transplant recipients showed a significantly increased mortality hazard compared to SPK
transplant recipients (HR = 1.46, 95%CI: 1.07-2.01). In the model using only up to 90 d of follow-up, PTA
recipients showed a significantly reduced hazard compared to SPK transplant recipients (HR = 0.21,
95%ClI: 0.05-0.88). Patients in the PAK group also showed a reduced hazard in the 90 d after transplant
compared to those in the SPK group, although the association was not significant (HR = 0.25, 95%ClI:
0.06-1.03). In the model using 91-365 d of follow-up, no significant differences in mortality hazard were
observed between the three groups. In the model using over one year of follow-up time, the PAK
transplanted group exhibited a significantly increased hazard compared to the SPK group (HR = 1.59,
95%CI: 1.11-0.30), and the PTA group showed a higher hazard than the SPK group, though the
association was not statistically significant (HR = 1.36, 95%CI: 0.96-1.92).

DISCUSSION

Solid organ pancreas transplant is a complex procedure for which significant progress, in terms of
immunosuppressive and surgical advancement, has been made over the past 5 decades. However,
despite the advancement in immunomodulatory medications and surgical techniques, the number of
pancreas transplants in the United States has declined significantly since 2003 /2004[18,19]. The current
study found that simultaneous pancreas-kidney transplant offered a survival advantage compared to
patients on the waiting list. PAK transplant and PTA patients demonstrated no significant differences
compared to patients who did not receive a transplant. As mentioned, two milestone studies
demonstrated divergent results regarding pancreas transplant outcomes that are important to consider
in light of the current results. The 2005 study conducted by Gruessner et al[12] showed survival results
to be improved, while the 2003 study conducted by Venstrom et al[11] showed negative survival
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Table 3 Cox proportional hazards models comparing survival after transplant between transplant types

Greater than 1 yr post-

Overall Up to 90 d post-transplant ~ 91-365 d post-transplant fransplant

HR (95%Cl)  Pvalue HR (95%Cl)  Pvalue HR (95%Cl)  Pvalue HR (95%Cl)  Pvalue

Transplant type  Reference Reference Reference Reference Reference Reference Reference Reference
(SPK)

Transplant type ~ 1.46 (1.07,2.01) 0.02 0.25 (0.06,1.03)  0.06 1.89 (0.89,4.02) 0.1 159 (1.11,2.30) 0.01
(PAK)

Transplant type ~ 1.22 (0.91,1.65) 0.19 0.21 (0.05,0.88) 0.03 1.31 (0.64,2.68) 0.46 136 (0.96,1.92)  0.08
(PTA)

SPK: Simultaneous pancreas-kidney; PAK: Pancreas after kidney; PTA: Pancreas transplant alone; CI: Confidence intervals; HR: Hazard ratios. Hazard
ratios and 95% confidence intervals result from multivariate Cox proportional hazards models predicting survival after transplant among only

transplanted patients and excluding time on the waiting list.
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Figure 1 Kaplan-Meier curves for each transplant type: Pancreas after kidney (PAK), pancreas transplant alone (PTA), and simultaneous
pancreas and kidney transplant (SPK). The 8-year survival rate for PAK and PTA showed no separation between the transplanted and
wait-listed groups over time. Simultaneous pancreas and kidney transplanted patients showed a significant difference in survival compared to the wait-listed
group, starting immediately and growing as time progressed. PTA: Pancreas transplant alone; PAK: Pancreas after kidney; SPK: Simultaneous pancreas and kidney.

benefits.

In the category of PTA, the Gruessner study showed that the overall hazard ratio was 0.66 (95%ClI:
0.39-1.12), favoring transplantation, while the Venstrom study showed the overall hazard ratio was 1.57
(95%CI: 0.98-2.53) favoring a no transplantation strategy. In our study, we analyzed data from the
decade 2008-2018, and found recipients of PTA to have better survival results compared to the previous
analysis conducted by Venstrom et al[11] and offered non-inferior outcomes when compared to patients
on the waiting list (HR = 1.01, 95%CI: 0.53-1.95). As a result, there is mixed support for hypothesis 1, as
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survival has improved compared to the Venstrom study but has not improved compared to the
Grussner study. For PAK transplanted patients, Gruessner and colleagues found no overall difference
for transplant (HR = 0.92, 95%CI: 0.69-1.12), but Venstrom et al[11] (HR = 1.42, 95%CI: 1.03-1.94) found a
worse outcome. Our results, however, showed PAK transplanted patients to have an increased but not
significant risk of death after transplant compared to waiting list patients (HR = 1.68, 95%CI: 0.99-2.87).
As a result, there is also mixed support for hypothesis 2 as we found worse survival outcomes than
Gruessner ef al[12], but better survival than the Venstrom study. Finally, previous studies and ours
favored transplantation in the SPK transplant category. Specifically, the Gruessner study identified an
HR of 0.29 (95%CI: 0.27-0.33), and the Venstrom study identified an HR of 0.43 (95%CI: 0.39-0.48).
Compared to patients on the waiting list, the mortality HR for SPK transplant recipients in the current
study was 0.21 (95%CI: 0.19-0.25). As a result, there is support for hypothesis 3 as our results indicate
improved survival compared to the previous studies.

When we considered the SPK transplant recipients’ category as the analysis reference and broke
down the follow-up period to: (1) Up to 90 d post-transplant; (2) 91 to 365 d post-transplant; and (3)
Greater than 1 year post-transplant, we found an increased mortality risk among patients with PTA;
however, the result was not significant (HR = 1.22, 95%CI: 0.91-1.65) (P = 0.19). The increased mortality
risk was significant among patients in the PAK category (HR = 1.46, 95%CI: 1.07- 2.01) (P = 0.02).
However, it is unclear why PAK transplant offers less survival benefit when compared to SPK
transplant and the waiting list. This is more puzzling, especially if the expected sequence of PAK
transplant is to receive a kidney from a living donor first, followed by a pancreas from a deceased
donor. This sequence of events should offer a better survival than our results and previously published
ones. Therefore, more analysis is needed to dissect all characteristics and conditions associated with the
PAK category.

In relation to diseases that could influence poor outcomes, we also reviewed the impact of peripheral
vascular disease (PVD) on the survival of the study patients. Patients diagnosed with PVD have a 3-fold
increased risk of dying from all causes and a 6-fold increased risk of dying from cardiovascular disease
within 10 years compared with patients without PVD[20-22]. Diabetic patients with PVD and those
younger than 75 years have a 23% increase in mortality rate vs 7% among the control group[23]. We
found patients from the SPK category group to have a lower incidence of PVD (8.5%) when compared to
waitlist patients (12.6%) (P = 0.001). In the adjusted Cox proportional hazards models comparing
transplanted to non-transplanted patients within each transplant category, SPK transplanted patients
with PVD showed a significantly increased mortality risk compared to wait-listed patients (HR = 1.40,
95%Cl: 1.19-1.66, P = 0.001). This could add a biased survival advantage when patients with less PVD
are selected to proceed with SKP transplants after bypassing patients with more PVD on the waiting list.
When reviewing the impact of BMI on the survival of the study patients, we found a paradoxical benefit
of obesity among transplanted patients compared to wait-listed patients. This association was
significant in the SPK category (HR = 0.76, 95%CI: 0.63-0.90) (P = 0.00) but was not significant in the
PAK and PTA categories. The controversial advantage of obesity among patients with ESKD was shown
before. Abbott et al[24] performed a retrospective analysis of the United States Renal Data System
(USRDS) Dialysis Morbidity and Mortality Wave II Study patients who started dialysis in 1996 and were
followed until October 31, 2001. They concluded that BMI > 30 kg/m? was associated with improved
survival in hemodialysis patients.

These results, in total, could be seen as an advancement in the field of transplantation and diabetic
care in general. When we consider the consensus of the previous two studies and ours in favoring
survival among patients who received SPK transplant, we are likely seeing a result of the remarkably
high mortality rate among patients with end-stage kidney disease[25]. As a result, the benefit after an
SPK transplant would appear to be more a consequence of resolving the kidney disease[25]. On the
other hand, the lack of differences identified in the PAK and PTA groups, despite improved surgical
and medical management techniques, likely points to similar progress in diabetic care in terms of
medical technology, which improved the survival of diabetic patients with standard insulin therapy
[26]. Patients with advanced diabetic disease may most benefit from PAK transplant or PTA. Previous
studies have shown improved cost-effectiveness and quality of life for these groups compared to
diabetic management through insulin alone[27].

CONCLUSION

Our study showed the survival advantage of SKP transplants compared to patients on the waiting list
over the last decade. However, PAK transplant and PTA demonstrated no significant differences
compared to patients who did not receive a transplant.
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ARTICLE HIGHLIGHTS

Research background

Pancreas transplant is the only treatment that establishes normal glucose levels for patients diagnosed
with diabetes. A significant advancement in management of diabetes associated with significant
improvement in diabetic patients outcome has been achieved within the last decade. During the same
period of time, there has been a noticeable decline in pancreas transplant procedures in the United
States. In order to outline the importance of pancreas transplant as the only incurable treatment
available for diabetes that could lead to normal glycemic status of these patients, we analyzed the
outcome of pancreas transplant vs diabetic standard of care in the United States from 2008 to 2018.

Research motivation

A noticeable and significant decline of pancreas transplantation in the United States since 2004 has led
to a decrease in the number of transplant centers that perform such procedure. This decline has led to a
significant limitation among transplant surgeons and transplant physicians that are caring for patients
receiving pancreas transplant. This study was to highlight the benefit of pancreas transplant in curing
diabetes and to emphasize the potential benefit of pancreas transplantation in order to increase the
number of diabetic patients that could receive this curative therapy.

Research objectives

The objective of this study was to bring pancreas transplant as a curative treatment, that could achieve
glycemic control among diabetic patients, to the attention of transplant and endocrinology stakeholders.
With the current technological advancement in treatment of diabetes, still a significant number of
patients suffer from acute hyper and hypoglycemic events in addition to the chronic complications of
diabetes. We hope that our research will at the current body of knowledge that supports pancreas
transplant as a definitive treatment for diabetes and will encourage more clinical trials to compare
standard of care for diabetes vs organ transplantation.

Research methods

Our study utilized the United Network for Organ Sharing Standard Transplant Analysis and Research
file. This database contains clinical and follow-up data for all transplants in the United States since 1988.
We included all patients with type I diabetes listed for pancreas or kidney-pancreas transplant between
May 31, 2008 and May 31, 2018 and compared their outcome with the patients that had type 1 diabetes
and were being listed and waiting for an organ transplant.

Research results

The adjusted Cox proportional hazards models comparing survival between transplanted and non-
transplanted patients in each transplant type group showed simultaneous pancreas and kidney
transplant patients to exhibit a significantly reduced hazard of mortality [hazard ratio (HR) = 0.21, 95%
confidence interval (CI): 0.19-0.25] compared to those not transplanted. Neither transplanted patients
(HR =8, 95%CI: 0.99-2.87) nor pancreas transplant alone patients (HR = 1.01, 95%CI: 0.53-1.95)
experienced significantly different hazards of mortality compared to patients who did not receive a
transplant.

Research conclusions

Our study showed the survival advantage of simultaneous kidney and pancreas transplants compared
to patients on the waiting list over the last decade. Patients who underwent pancreas transplant alone
demonstrated no significant differences compared to patients who did not receive a transplant, which
could highlight the importance of pancreas transplant alone despite the advancement in the technology
of insulin delivery and diabetic management over the last decade.

Research perspectives

We hope that our study will encourage future clinical trials to randomize patients between diabetic
standard of care vs transplantation. Meanwhile, we are conducting further studies to address disparities
among patients who are receiving pancreas transplant vs remaining on the waiting list. We are aiming
to identify any barriers among minorities that could prevent their access to transplant evaluation and to
receive an organ transplantation.
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