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Abstract

Despite a high prevalence of pancreatic endocrine and exocrine insufficiency in cystic fibrosis 

(CF), pancreas transplantation is rarely reported. United Network for Organ Sharing (UNOS) data 

were used to examine utilization of pancreas transplant and posttransplant outcomes in CF 

patients. Between 1987–2014, CF patients (N = 4600) underwent 17 liver–pancreas, three lung–

pancreas, one liver–lung pancreas, four kidney–pancreas, and three pancreas-only transplants. Of 

the 303 CF patients who received liver transplantation, 20% had CF-related diabetes (CFRD) 

before transplantation, and nine of those received a liver–pancreas transplant. Of 4241 CF patients 

who underwent lung transplantation, 33% had CFRD before transplantation, and three of those 

received a pancreas transplant. Of 49 CF patients who received a liver–lung transplant, 57% had 

CFRD before transplantation and one received a pancreas transplant. Posttransplantation diabetes 

developed in 7% of CF pancreas transplant recipients versus 24% of CF liver and 29% of CF lung 

recipients. UNOS has no data on pancreas exocrine insufficiency. Two-year post-transplantation 

survival was 88% after liver–pancreas transplant, 33% after lung–pancreas transplant, and 100% 

after pancreas–kidney and pancreas-only transplants. Diabetes is common pretransplantation and 

posttransplantation in CF solid organ transplant recipients, but pancreas transplantation remains 

rare. Further consideration of pancreas transplant in CF patients undergoing other solid organ 

transplant may be warranted.

Introduction

Cystic fibrosis (CF) is an autosomal recessive disorder caused by defects in the CF 

transmembrane conductance regulator (CFTR) channel. While commonly considered a 

disease of the lungs, it can impair the function of several organs, and occasionally leads to a 

need for solid organ transplantation.
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Pancreatic manifestations of CF are very common. Ninety percent of CF patients have 

pancreatic exocrine insufficiency by age 10 (1), which contributes to malnutrition and poor 

pulmonary outcomes (2). Pancreatic exocrine insufficiency requires lifelong 

supplementation with pancreatic enzyme replacement. Pancreatic endocrine insufficiency, in 

the form of CF-related diabetes (CFRD), develops in 26% of CF patients over the age of 10 

years (1). These patients become insulin dependent. The combination of pancreatic exocrine 

and endocrine dysfunction can substantially complicate nutritional management, which is 

crucial to minimize CF-related morbidity and mortality (3–7).

As there have been improvements in long-term survival with CF and transplant outcomes, 

options for solid organ transplantation in CF have also expanded. Lung and liver transplants 

as treatments for the chronic lung disease and cirrhosis associated with CF, respectively, are 

well described (8–11).

Pancreas transplantation, on the other hand, either combined with other solid-organ 

transplant or in isolation, has not been as well studied. Pancreas transplantation could 

improve quality of life as well as improve diabetes control and nutritional status through 

adequate pancreatic exocrine function. Case series are limited to single-center reports of 

patients undergoing pancreas transplantation in combination with lung (two series) or liver 

(six series) (Table 1, (12–18)).

We analyzed the United Network for Organ Sharing (UNOS) database to describe utilization 

and outcomes associated with pancreas transplantation among CF patients receiving other 

solid organ transplants. This is the first analysis of pancreas transplantation in CF patients 

from a comprehensive national database.

Materials and Methods

We conducted a retrospective review of deidentified data from the UNOS Standard 

Transplant Analysis and Research (STAR) files on liver, thoracic, kidney, and pancreas 

organ transplants in the United States from October 1987 to December 2014. Institutional 

review board approval (Study 15-16583) for this study was obtained from the University of 

California, San Francisco.

Our cohort included all waitlisted candidates in the United States submitted to the Organ 

Procurement and Transplantation Network (OPTN) between October 1987 and December 

2014. Adult and pediatric subjects with CF were identified from listing and transplant 

diagnoses using diagnostic code 4285 (liver), 5004 (kidney–pancreas), and 1602 (thoracic) 

as well as through a text search of typed diagnoses using “CF” and “cystic fibrosis.” If a 

patient underwent a combined organ transplant and a diagnosis of CF in one organ database 

was found, then the patient was included. Recipients undergoing organ retransplantation 

were identified and counted only once. Patients were followed until December 2014 or until 

death, retransplantation, or loss to follow up. Pretransplantation and posttransplantation 

recipient data, including demographics, illness severity, characteristics of the recipient and 

donor, and outcomes from baseline and annual follow-up files, were assessed.
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Pretransplantation and posttransplantation diabetes, patient survival, and waitlist time were 

analyzed by stratified cohort groupings. CFRD was defined as diabetes before 

transplantation, as documented in pretransplantation databases. CFRD is treated with 

insulin, so these patients are assumed to have insulin-dependent diabetes. If a subject 

underwent combined organ transplantation with pretransplantation diabetes in one organ 

database, then the subject was considered to have CFRD. Patients were considered to have 

posttransplantation diabetes if they did not have diabetes documented before transplantation 

but had diabetes documented in follow-up after transplantation. The follow-up providers 

documented insulin-dependent diabetes separately. There was inconsistency in 

documentation of diabetes at follow-up visits. As such, patients who had diabetes 

documented at their last follow-up visit were counted as a separate outcome of interest as 

well. Posttransplantation diabetes was not collected in the STAR lung files until April 1, 

1994, or in the STAR liver, kidney, or pancreas files until June 30, 2004.

Statistical Analysis

Descriptive analysis was performed with calculation of medians and interquartile ranges for 

continuous variables and proportions for categorical variables. Comparative analyses were 

performed using t-test or Wilcoxon rank-sum test for continuous variables and χ2 or 

Fisher’s exact test for categorical variables as appropriate. A time-to event analysis was 

performed to evaluate the effect of type of organ on survival after transplantation. The log-

rank test statistic was used to compare survival estimates among groups. A p value of <0.05 

was considered statistically significant in all analyses. Analyses were performed using 

statistical software (STATA 13.1, SE; StataCorp, College Station, TX).

Results

From 1987 through 2014, there were 303 liver transplantations, 4241 lung transplantations, 

and 49 combined liver–lung transplantations in CF patients. Of these, there were 21 

combined with a pancreas transplant. In addition, there were three pancreas–kidney and four 

isolated pancreas transplants reported in CF patients (Figure 1). Of the 28 total pancreas 

transplantations, 11 recipients were children and 17 were adults. Twenty-four of the 

pancreas transplantations were performed in combination with another solid organ. The most 

common combined organ transplant was liver with pancreas (17 patients) (Figure 1). The 

majority of pancreas transplants were implanted with enteric drainage (21 of 28). Three had 

bladder drainage, and the remaining four did not report how the pancreatic duct was drained.

Patients receiving pancreas transplants were older, more often female, and more likely to be 

Hispanic than were other CF transplant recipients (Table 2). Seventy-one percent of pancreas 

transplantations were performed after 2000. Nine of 28 pancreas transplantations were 

performed in Region 10, and three transplantations each were performed in Regions 2, 3, 4, 

5, 7, and 8.

Among all 303 CF patients who received their first liver transplant, 20% (n = 61) had CFRD 

(Figure 1); 11 of those were listed for combined pancreas transplant and nine actually 

received it. There were eight additional combined liver–pancreas transplantations: one 

patient had CFRD but was not listed for combined transplantation, and four did not have 
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CFRD but were listed for combined transplantation for CF without diabetes. The remaining 

three patients did not have documented CFRD and were not listed for pancreas 

transplantation but did receive a pancreas with their liver for CF without diabetes.

Among the 4241 CF patients who received their first lung transplant, 33% (n = 1392) had 

CFRD. Only four CF/CFRD patients were listed for pancreas transplantation, and three 

received a pancreas transplant. Of the 49 CF patients who underwent combined liver–lung 

transplantation, 57% had CFRD. Only one patient was listed for and received a pancreas 

transplant.

There were seven pancreas transplantations performed independent of liver or lung 

transplantation for a listed indication of CF. Four were combined kidney–pancreas 

transplantations, and three of those patients had CFRD. Three were pancreas-only 

transplantations, and two of those patients had CFRD.

Posttransplantation survival

Two-year survival in CF liver–pancreas recipients was 88% (n = 17). Among CF lung–

pancreas transplant recipients (n = 3), one died after 6 months of viral septicemia, one died 

after 20 months of Pseudomonas pneumonia, and the final patient died after 32 months of 

follow-up of acute respiratory distress syndrome. All three of the CF pancreas–kidney and 

all four of the CF pancreas-only transplant recipients were alive at 2 years.

Two-year survival in CF liver transplant recipients, with or without pancreas transplant, was 

very similar in those with CFRD (83%) and those without (85%, p = 0.22). There was no 

difference in 2-year survival for lung transplant patients with and without CFRD (84% for 

both). However, among CF patients with liver–lung transplant, 2-year survival in the CFRD 

group was worse (67%) than in those without CFRD (82%, p = 0.051). Two-year survival in 

CF solid organ transplant recipients was 81.5% in those also receiving a pancreas transplant 

and 75.3% in those without a pancreas transplant (p = 0.27). Among CF liver transplant 

recipients, 2-year survival was 87.5% in those with a pancreas transplant compared with 

84.4% in those without.

Posttransplantation diabetes

Insulin dependent posttransplantation diabetes was documented in 2 of the 28 CF pancreas 

transplant recipients. Both subjects had undergone combined liver-pancreas transplantation 

and did not have pretransplantation diabetes. One had diabetes at their last follow up visit, 

and the other had documented diabetes for two consecutive follow-ups then no further 

documentation of diabetes. The median follow-up time for all pancreas transplant recipients 

was 4.5 years (interquartile range [IQR] 1.9–8.8).

Posttransplantation diabetes for those CF patients who did not receive a pancreas transplant 

developed in 24% of liver recipients (69/286), 29% of lung recipients (1249/4238), and 31% 

of combined liver–lung recipients (15/48). Insulin-dependent diabetes developed in many of 

the posttransplantation diabetics: 87% (60/69) of cases in liver transplant recipients, 89% 

(1110/1249) of cases in lung transplant recipients, and 67% (10/15) of the cases in lung–

liver recipients. In those without a pancreas transplant who developed posttransplantation 
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diabetes, it persisted through last follow-up in 22% of diabetic liver transplants (median 

follow-up 5.2 years, IQR 1–9.7), 36% of diabetic lung transplants (median follow-up 3 

years, IQR 1–6.7), and 31% of diabetic liver–lung transplants (median follow up 2.5 years, 

IQR 0.5–5.3 years).

Waitlist times

There was no difference in waitlist times in subjects who received a pancreas transplant 

(median 170 days, IQR 92–413 days) and those who did not (median 187 days, IQR 53–489 

days, p = 0.06). Overall, in the CF cohort, median waitlist time for liver transplantation was 

124 days (IQR 42–348 days), and median waitlist time for lung transplantation was 190 days 

(IQR 54–505 days). There was no statistically significant difference in waitlist time between 

CF liver–pancreas recipients (median 189 days, IQR 95–412 days) and CF liver-only 

recipients (median 120 days, IQR 40–342 days; p = 0.2).

Discussion

Pancreas transplantation remains rare in patients with CF, either isolated or in combination 

with other organ transplants, despite the high prevalence of pancreatic exocrine and 

endocrine insufficiency in CF. Among the small number of pancreas transplantations 

reported in UNOS, overall survival after 2 years was excellent. Pancreas transplantation did 

not appear to impact survival significantly. Pancreas graft function also appeared to be 

excellent with only 7.1% of all CF patients who received pancreas transplants developing 

documented posttransplantation diabetes.

With advances in surgical technique, immunosuppression, donor and recipient selection, and 

graft surveillance, there have been significant improvements in pancreas graft survival (19). 

Nonetheless, the procedure is underused in the CF population. Several reasons could account 

for this. Pancreas transplantation is a technically difficult surgery and associated with 

significant posttransplantation complications, and the procedure is not considered life-saving 

because organ function can be replaced by exogenous medications. In combined pancreas–

lung transplantation, there are increased complications of entering the abdomen in addition 

to the chest cavity. In this cohort of patients, all three lung–pancreas transplant patients did 

not survive to 3 years posttransplantation, indicating either an increased risk to the 

combination of these procedures or increased disease severity before transplantation. Finally, 

there are significant logistical and donor-related issues that may increase the complexity of a 

combined procedure.

It is difficult to glean from the data available in the UNOS registry why pancreas 

transplantation was used in some cases and not others. Bandasma et al recently published an 

international survey of 81 pediatric transplantation centers characterizing subjects who 

underwent simultaneous liver–pancreas transplantation and the attitudes of transplant 

physicians. Only eight cases of combined liver–pancreas transplantation were reported. The 

survey revealed that “lack of experience with this procedure” ranked as one of the most 

prevalent reasons for not considering the procedure (20). Limited experience may also 

increase the risk of complications. In this series, four patients experienced surgical 

complications: graft thrombosis in two, anastomotic biliary stricture in one, and pancreatic 
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leak in another. Two patients died at 4 and 8 years posttransplantation from worsening lung 

function. Region 10 accounted for one-third of the pancreas transplantations, suggesting that 

increased experience might lead to higher utilization for specific cases.

Our analysis also highlights how common CFRD is in CF patients listed for solid organ 

transplants. CFRD has features of both type 1 and type 2 diabetes. It is mostly characterized 

by insulin insufficiency, but fluctuating levels of insulin resistance related to acute and 

chronic illness play a role (21,22). CFRD can often be clinically silent with prolonged 

periods of abnormal glucose metabolism before diagnosis (22).

In CF patients who underwent liver or lung transplantation without accompanying pancreas 

transplantation, posttransplantation diabetes was common. Progressive CFRD and 

immunosuppression after transplantation may accelerate the development of insulin-

dependent diabetes in children and adults with CF (23). Rates of new-onset diabetes after 

lung transplantation in CF patients in other cohorts range from 16% to 53% (24–26). It is 

hypothesized that, along with a predisposition for development of CFRD, corticosteroids 

and calcineurin inhibitors contribute to this high prevalence. The UNOS database started 

tracking posttransplantation diabetes midway through our study period; thus, we may not 

have fully captured posttransplantation diabetes.

We unfortunately could not assess pancreatic exocrine function pretransplantation or 

posttransplantation, as there was no information on pancreatic enzyme use or fecal elastase. 

In addition, there were no data on the anatomic location of enteric drainage. En bloc liver–

pancreas transplantation in CF patients undergoing liver transplantation would provide 

proximal pancreatic enzymes that could be functionally helpful, but distal enteric drainage 

or drainage into the urinary bladder would not provide a functional exocrine benefit. There is 

at least one case series that reported proximal enteric drainage in combined pancreas–lung 

transplantation for CF patients were able to discontinue all pancreatic enzyme supplements 

(13). Similarly, there are multiple case reports of recipients’ en bloc liver–pancreas 

transplant recipients who became independent of pancreatic enzyme supplements (12,14–

18). Given these findings, it may be beneficial to attempt proximal enteric drainage in 

pancreas transplants performed in the CF population.

A less invasive option for patients with CFRD may be simultaneous or sequential islet 

transplantation. Recent studies have suggested that this may be an important and viable 

alternative (27–30). The patients in these published case reports had difficult-to-control 

diabetes before islet transplantation. All tolerated the islet infusion and had improved 

glycemic control after the procedure, although many still required insulin (27–30). Use of 

this approach is limited by its experimental nature, varying long-term insulin independence, 

and current lack of reimbursement. Future improvements in islet manufacture and 

transplantation, along with improved insurance coverage, may increase the feasibility of this 

option.

In summary, this study represents the first comprehensive analysis of pancreas 

transplantation in CF patients in the United States. This is the largest reported cohort of CF 

pancreas transplant recipients and represents a comprehensive database of US solid organ 
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transplants. Pancreas transplantation in CF patients undergoing other solid organ 

transplantation is rare but potentially successful. Posttransplantation diabetes is common 

among CF patients receiving other solid organ transplants. This may be a valid indication for 

consideration of pancreas transplantation in CF solid organ transplant recipients. These 

findings represent an opportunity for additional discussion and collaboration between 

transplant surgeons and CF multidisciplinary teams assessing patient candidacy for pancreas 

transplantation. More-detailed studies will be required to determine the potential benefits 

and risks of these procedures in the CF population.
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Figure 1. Pretransplantation and posttransplantation diabetes in first-time liver, lung, lung–liver, 
and pancreas transplant recipients for an indication of CF divided according to other solid organ 
transplant
DM, diabetes mellitus. CFRD refers to pretransplantation CF-related diabetes. De novo 
diabetes in patients without CFRD. *Follow-up of posttransplantation diabetes not started 

until June 30, 2004, for pancreas and liver transplants. †Follow-up of posttransplantation 

diabetes not started until April 1, 1994, for lung transplants.
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Table 1

Published literature on pancreas transplantation in CF patients

Simultaneous pancreas with: Publications (n) Patients (n) Outcomes References

Liver 7 17 1 year: 100% patient/graft survival 17/17 exocrine and 
endocrine sufficient at 4–60 months

(12,14–19)

Lung 1 3 100% patient/graft survival 3/3 exocrine and endocrine 
sufficient at 4–14 months

(13)

Liver–lung 0 0 N/A

N/A, not applicable.
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Table 2

CF solid organ transplant recipients with and without concomitant pancreas transplant

Recipient characteristics Pancreas transplant (n = 28) No pancreas transplant (n = 4572) p-value

Age at transplantation, y (mean ± SD) 27.6 ± 10.9 22.4 ± 11.4 0.01

Sex, male (%) 35.7 52.2 0.08

Race (%) 0.06

 Non-Hispanic white 82.1 94.3

 African American   3.6   1.4

 Hispanic 14.3   3.9

 Other   0.4   0

Body mass index, kg/m2 (median, IQR) 20.3 (18.5–22.3) 18.7 (17.1–20.6) 0.009

Transplant decade (%) 0.5

 1987–1996 14.3 17.5

 1997–2006 53.6 42.3

 2006–2014 32.1 40.2

Time on waitlist (median, IQR) 170 (92–413) 187 (53–488) 0.9
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