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Cystic fibrosis-related diabetes (CFRD) is a common complication of cystic fibrosis (CF), 
and restoring metabolic control in these patients may improve their management after 
lung transplantation. In this multicenter, prospective, phase 1–2 trial, we evaluate the 
feasibility and metabolic efficacy of combined pancreatic islet-lung transplantation from 
a single donor in patients with CFRD, terminal respiratory failure, and poorly controlled 
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1  |  INTRODUC TION

Cystic fibrosis (CF) is one of the most common inherited autoso-
mal recessive diseases within the Caucasian population, with an 
incidence of 1:4000 births. It is a channelopathy, arising from muta-
tions in the gene encoding for the CF transmembrane conductance 
regulator (CFTR), responsible for a range of multivisceral disorders 
(pulmonary, hepatic, pancreatic endocrine/exocrine, and infertility), 
dominated by pulmonary involvement.

Despite optimized medical therapy, more than 95% of affected 
individuals ultimately die from respiratory failure.1 At this stage, lung 
transplantation represents the final treatment option. In 2019, adult 
CF patients who underwent primary lung transplantation had a me-
dian survival of 9.2  years, with a survival rate of 92.3% at 1  year 
and 63.1% at 5 years.2 Improvement in pulmonary and nutritional 
management has considerably improved patient survival, which is 
currently 40–50 years old.3 The prevalence of cystic fibrosis-related 
diabetes (CFRD), a common complication of CF, increases with age, 
reaching an incidence of 40%–50% in adults.4 Diabetes-related ex-
cess mortality is observed within cohorts of CF patients across all 
age groups.5 Diabetes is also a major risk factor for pulmonary dys-
function,6 increasing the risk of respiratory decline by a factor of 
1.8,7 and is equally associated with poorer nutritional status.8

For patients requiring lung transplantation, CFRD increases 
posttransplant morbidity and mortality.9,10 The presence of CFRD 
before transplantation decreases patient survival, while promoting 
infection and posttransplant pulmonary rejection.11,12 In posttrans-
plant patients, the prevalence of diabetes was shown to increase, 
mainly due to the diabetogenic effect of immunosuppressive treat-
ments.13 For patients with sufficient endogenous insulin production, 
lung transplantation can improve glycemic control by decreasing 
insulin resistance.14 On the other hand, for patients who have low 

endogenous insulin production, and for whom optimized insulin 
treatment does not allow satisfactory glycemic control, pulmonary 
transplantation may lead to a major glycemic imbalance with a harm-
ful impact on the pulmonary graft.

Several centers worldwide have performed pancreatic 
islet allotransplantations for the treatment of type 1 diabetes patients, 
who have a high glucose variability with hypoglycemia unawareness 
and/or functioning kidney transplantation.15–18 These studies re-
ported that islet transplantation was an efficient treatment, able to 
dramatically improve both short- and long-term metabolic outcomes 
with very low morbidity. By restoring metabolic control, islet trans-
plantation may improve the management of patients with CFRD un-
dergoing lung transplant and decrease the complication rate in the 
early postoperative period. However, thus far, only case reports have 
been published, and questions remain as to the efficacy and safety of 
this procedure in this particular patient population.19,20

Therefore, the primary objective of the present study was to 
evaluate the feasibility and metabolic efficacy of combined islet-lung 
transplantation from the same donor, in the postoperative period 
and in the medium term, at 1-year follow-up. The secondary objec-
tives were to evaluate lung function, quality of life, and the tolerance 
of this technique.

2  |  MATERIAL S AND METHODS

2.1  |  Study design and participants

This study was a prospective open-label, multicenter, phase 1–2 trial, 
involving four University Hospitals in France (Strasbourg, Suresnes, 
Lyon, Grenoble) and one islet preparation unit in Switzerland 
(Geneva).

Funding information
French Ministry of Health, Programme 
Hospitalier de Recherche Clinique 2011,, 
Grant/Award Number: PHRC-N°2010 
- HUS n°4790; French patient association 
VLM (Vaincre La Mucoviscidose).

diabetes. Islets were infused via the portal vein under local anesthesia, 1 week after lung 
transplantation. At 1 year, the primary outcome was transplant success as evaluated by a 
composite score including four parameters (weight, fasting glycemia, HbA1c, and insulin 
requirements). Ten participants (age: 24 years [17–31], diabetes duration: 8 years [4–12]) 
received a combined islet-lung transplant with 2892  IEQ/kg [2293–6185]. Transplant 
success was achieved in 7 out of 10 participants at 1-year post transplant. Fasting plasma 
C-peptide increased from 0.91 μg/L [0.56–1.29] to 1.15  μg/L [0.77–2.2], HbA1c de-
creased from 7.8% [6.5–8.3] (62 mmol/mol [48–67]) to 6.7% [5.5–8.0] (50 mmol/mol 
[37–64]), with 38% decrease in daily insulin doses. No complications related to the islet 
injection procedure were reported. In this pilot study, combined pancreatic islet-lung 
transplantation restored satisfactory metabolic control and pulmonary function in pa-
tients with CF, without increasing the morbidity of lung transplantation.

K E Y W O R D S
cystic fibrosis, islet transplantation, lung transplantation, respiratory failure, secondary 
diabetes
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Eligible patients attending lung transplant centers for pretrans-
plant evaluation were consecutively recruited to the study if they 
met the following inclusion criteria: (i) subject aged ≥14  years old; 
(ii) diagnosis of CF based on clinical features and on positive CF 
genotype; (iii) terminal respiratory failure requiring lung transplan-
tation; (iv) CFRD progressing for more than 3 years, requiring insu-
lin therapy with at least three daily insulin injections or an insulin 
pump; (v) fasting basal C-peptide <0.5  μg/L and/or an insufficient 
response in C-peptide to the glucagon test, defined by the stimulated 
C-peptide:basal C-peptide ratio of <2; and (vi) HbA1c >7% and/or 
mean amplitude of glycemic excursion (MAGE) >1.25 according to 
continuous glucose monitoring for patients with anemia/undernutri-
tion. Exclusion criteria were (i) persistent elevation of liver enzymes 
at enrollment (ASAT, ALAT, PAL, or total bilirubin >3× the upper limit 
of normal); (ii) cirrhosis; (iii) portal hypertension; (iv) patient with 
heart, liver, or kidney transplantation; and (v) a record of poor ther-
apeutic compliance. A committee composed of investigators from 
at least half of the study centers reviewed each patient's suitability 
for islet transplantation. A multidisciplinary independent committee 
subsequently validated the enrollment of patients. The patients were 
enrolled in the study when they were placed on the islet-lung trans-
plant waiting list. After 1 year of follow-up of the first five patients, 
an independent study monitoring committee composed of experts in 
pancreatic islet transplantation, lung transplantation, pharmacovig-
ilance, and biostatistics decided whether to stop or continue the 
study. These interim analyses were repeated for each consecutive 
group of five patients.

This study was approved by the French Committee for the 
Protection of Persons Participating in Biomedical Research (ap-
proval number CPP Est IV: 11/10), and clinical trial authorization was 
obtained from the French National Competent Authority (TC296A, 
N° EudraCT: 2011-001941-33). Written informed consent was ob-
tained from all patients. ClinicalTrials.gov Identifier number was: 
NCT01548729.

2.2  |  Procedures

Patients assigned to pancreatic islet-lung transplantation were im-
mediately registered on the national pancreatic islet-lung trans-
plantation waiting list. Both organs were assigned to a given patient 
according to ABO blood type compatibility, morphometric data for 
lung transplantation, and after a negative crossmatch. Bi-pulmonary 
block and pancreas were obtained from brain-dead, multi-organ 
donors procured through the Swiss Transplant Agency and French 
Biomedicine Agency. Both organs were recovered from the same 
donor by two separate surgical teams. Donor criteria for lung and 
pancreas acceptability were the usual criteria used for lung and 
islet transplantation.21,22 The bi-pulmonary block was transplanted 
according to standard operating techniques: bilateral sequential 
lung transplant by transverse sternobithoracotomy.23 In paral-
lel, the pancreas was sent to the Laboratory of Cell Isolation and 
Transplantation (Geneva) for islet isolation and purification according 

to a modified version of the method previously described.24 After 
tissue collection, islets were purified by centrifugation in continu-
ous Biocoll density gradients (Biochrom KG, Berlin, Germany) using 
a COBE 2991 cell processor (Cobe, Lakewood, CO). The pancreatic 
islets were maintained in a culture medium (CMRL 1066 without 
phenol red [Sigma-Aldrich]), supplemented in human AB serum for 
a maximum of 10 days. Patients were scheduled to receive a mini-
mum of 100,000  IEQs (islets equivalent) in one infusion. To avoid 
non-optimal transplantation conditions, patients received lung 
transplantation alone in the following situations: (i) severe, unsta-
ble, and rapidly evolving pulmonary state, requiring an urgent lung 
transplantation but unsuitability of the donor pancreas; (ii) insuf-
ficient number of isolated islets (<100,000  IEQ); and (iii) unstable 
clinical condition after lung transplantation, for example, severe 
life-threatening infection, precarious respiratory status, unstable 
hemodynamic status, major hemostasis disorder, and intraperitoneal 
effusion. When patients reached hemodynamic stability, the islets 
were infused, under local anesthesia, via percutaneous transhepatic 
portal vein catheterization under angiographic control.

2.3  |  Immunosuppression protocol and 
concomitant treatments

The immunosuppression protocol was established by a consensus 
between the four participating teams, taking into account current 
data from the International Lung Transplant Registry,2 and the es-
tablishment of corticosteroid therapy at the minimum optimal dose, 
allowing both control of pulmonary rejection and reducing damage 
to the transplanted islets. A detailed immunosuppression protocol 
can be found in the Supporting Information. In brief, patients re-
ceived a loading dose of IV methylprednisolone before induction 
of anesthesia, followed by additional doses after lung implantation, 
on day 1 following transplantation (D1), and at D2. Basiliximab was 
given at D0 and D4. Maintenance immunosuppressive therapy was 
introduced, comprising oral prednisolone, tacrolimus, and mycophe-
nolate mofetil.

Prophylactic anticoagulation was carried out prior to lung trans-
plantation and halted 6 h before islet transplantation. Following islet 
transplantation, heparin therapy was resumed intravenously for 
48  h, then subcutaneously for 5  days using low-molecular-weight 
heparin.

During the postoperative period, insulin was administered via 
pump or injection, and doses adapted through self-monitoring or by 
means of a continuous glucose monitoring (CGM) system.

2.4  |  Study outcomes

The primary outcome was the metabolic efficacy of the combined 
islet-lung transplantation, measured by a composite score including 
metabolic and nutritional parameters. The transplant was defined 
as successful if three of the following four criteria were reached at 
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1-year follow-up: weight increase of ≥5% compared to baseline; fast-
ing plasma glucose (ADVIA 2400 Clinical Chemistry analyzer, Siemens 
Healthcare SAS), <110  mg/dl; ≥30% reduction in insulin require-
ments compared to baseline; ≥0.5% decrease in HbA1c in absolute 
terms (high-performance liquid chromatography, Bio-Rad) compared 
to baseline. Initially, the primary outcome of our study was the meta-
bolic efficiency of islet-lung transplantation, measured by a metabolic 
parameter (∆C-peptide) defined as the ratio of C-peptide (Elecsys C-
Peptide immunochemical luminescence measurement kit and Cobas 
6000 analyzer, Roche Diagnostics) at 6 min after intravenous injection 
of 1-mg glucagon, to C-peptide measured at the basal level. This ratio 
is, therefore, a direct marker of the function of transplanted islets. As 
endogenous insulin secretion is partially preserved in CFRD, the suc-
cess of the graft was defined by ∆C-peptide >2. Interim analysis of the 
first five patients by the independent monitoring committee showed 
that none of the patients reached this primary end point, despite four 
out of five patients showing a metabolic benefit of the transplant based 
on markers of glycemic control. On the proposal of the independent 
monitoring committee, and after validation of the amendment to the 
protocol, the primary end point was modified to the measurement of 
metabolic efficiency by the new composite score.

Key secondary outcomes were BMI (kg/m2), HbA1c (%), fasting C-
peptide (μg/L), fasting plasma glucose (mg/dl), and insulin requirements 
(IU/kg/day), which were evaluated every 3 months during the 1-year 
period of follow-up. Due to a lack of availability of CGM devices, only 
six patients underwent continuous glucose measurements to evalu-
ate the time in the range (TIR, 70–140 mg/dl and 70–180 mg/dl), time 
below the range (TBR, <70 mg/dl), and time above the range (TAR, 
>140 mg/dl and >180 mg/dl) 1 year after transplantation. Lung func-
tion was measured by spirometry tests, which were carried out every 
3 months, including FEV1 and FVC measurements (Vmax spirometer, 
VIASYS, Healthcare Respiratory Technologies), adjusted in percentage 
according to age, gender, height, and weight. Health-related quality of 
life (HRQL) was assessed with the 36-item Short-Form Health Survey 
(SF-36),25 the Diabetes Quality of Life (DQOL) questionnaire,26 and the 
Cystic Fibrosis Questionnaire 14+ (CFQ14+),27 at baseline, 6 months, 
and 1 year after combined islet-lung transplantation. All scores range 
from 0 to 100, with a higher score indicating a better quality of life. 
Questionnaires were sent and collected by post, by the Pole IMER at 
the University Hospital of Lyon.

2.5  |  Adverse events

All serious adverse events (SAEs) during the procedure and follow-up 
period were recorded using the System Organ Class in the medical 
dictionary for regulatory activities and analyzed.28 The independent 
data and safety monitoring board was informed of all SAEs and was 
authorized to recommend suspension or early termination of the 
trial. Adverse events (AEs) were monitored (and classified as being 
most likely related to the islet transplantation procedure, immuno-
suppression, and/or lung transplantation surgical procedure), as well 
as the number of pulmonary rejection episodes (requiring or not, 

corticosteroid boluses), the number of hospitalization days for the 
transplantation procedure, and during the follow-up period.

2.6  |  Statistical analysis

Analysis of the primary outcome was carried out using Bayesian se-
quential analysis,29 carried out every five patients. Prior knowledge on 
the probability of success set at 60%, based on the opinion of three 
experts, was combined with the information given by historical data 
(four successful outcomes in five transplanted patients). This prior in-
formation was described by a beta distribution with parameter values 
(alpha = 4.6, beta = 2.15), equivalent to adding approximately seven 
patients to the observed data and corresponds to approximately five 
transplant successes and two failures. The probability of success 
judged clinically pertinent and that judged insufficient was set at 50% 
and 20%, respectively. It was determined that for an intervention ef-
ficacy of 55%, the enrollment of 15 patients would allow to conclude a 
probability of success >50% with a probability of 80%. However, for a 
probability of success of 15%, the probability that the study concluded 
with an insufficient efficacy was low (12%).

Two interim analyses were carried out after the enrollment and 
follow-up of 5 and 10 patients. The parameters of the posterior beta 
distribution were obtained by the addition of the observed successes 
and failures to the parameters of the prior distribution. This allowed 
to estimate the probability of success and its 95% credibility interval 
and the posterior probabilities that the probability of success was 
>50% and lower than 20% respectively. The trial was stopped for 
efficacy at the second interim analysis. No correction was applied 
for multiple testing. Sensitivity analyses were performed, ignoring 
firstly, the prior information based on experts’ opinion, and secondly, 
the prior information based on experts’ opinion and historical data.

Median and interquartile ranges (IQR) were used to describe 
the changes in metabolic respiratory and quality of life parameters 
during the period between enrollment and 12-month follow-up.

Bayesian analysis was carried out using R version 4.02. 
Descriptive analysis and analysis of secondary outcomes were car-
ried out using SAS version 9.4.

3  |  RESULTS

3.1  |  Patient characteristics

From February 25, 2012 to December 20, 2019, 14 patients were 
enrolled (4  males/10 females) and 10 patients received combined 
islet-lung transplantation. One patient was withdrawn from the 
transplant waiting list due to satisfactory pulmonary clinical evo-
lution. Three patients initially enrolled in the study received lung 
transplantation alone, due to an urgent need for lung transplanta-
tion, but unsuitability of the donor pancreas (required criteria not 
met in one case and an insufficient number of isolated islets in the 
other two cases). The characteristics of the remaining 10 patients, 
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who received combined islet-lung transplantations, are specified in 
Table 1. Before the combined islet-lung transplant, seven patients 
were treated with an external insulin pump and three patients with 
multiple insulin injections. A median of 2892 IEQ/kg [IQR: 5.8–7.6] 
was infused, having been cultured for 4.5 days [3–7], with a purity of 
50% [35–70]. Characteristics of the three patients who underwent 
lung transplantation only are given in the Supporting Information 
(Table S1).

3.2  |  Primary outcome

The composite score determined successful transplantation in 7 out 
of 10 patients at 1-year follow-up (Figure 1, Table S2). The poste-
rior probability that the efficacy is >50% was 95%, and the posterior 
probability that the efficacy is lower than 20% was 0.0007%. The 
probability of success was estimated at 69% (95% credibility interval, 
95 CI: 46%–88%). Sensitivity analyses did not substantially alter the 
results when ignoring the prior information based on experts’ opin-
ion (estimated probability of success: 70%; 95 CI: 46%–89%), nor 
when ignoring the prior information based on experts’ opinion and 
historical data (estimated probability of success: 67%; 95 CI: 39%–
89%). Among the three failed patients (Patients 4, 6, and 9), one 
patient presented severe lung rejection (Grade A3) and had insuffi-
cient metabolic control due to therapeutic non-compliance, with an 
irregular oral intake of drugs and repeated discontinuation of insulin 
therapy. The second patient received the fewest islets (1550  IEQ/
kg). No events related to metabolic failure were identified for the 
third patient. Based on the composite score, transplant success was 
achieved in one out of three lung only transplanted patients at 1 year 
(Table S3).

3.3  |  Secondary outcomes

The functionality of islets was confirmed 1 year after transplanta-
tion by a median increase in plasma C-peptide from 0.91 μg/L [0.56–
1.29] at baseline to 1.15 μg/L [0.77–2.2] (Table S4). Blood glucose 
control was improved, as shown by the decrease in HbA1c from 
7.8% [6.5–8.3] (62 mmol/mol [48–67]) to 6.7% [5.5–8.0] (50 mmol/
mol [37–64]), and a decrease in fasting blood glucose from 135 mg/
dl [95–140] to 105 mg/dl [102–108]. Daily insulin requirements de-
creased by 38%, from 0.65 IU/kg/day [0.21–1.74] to 0.45 IU/kg/day 
[0.00–1.14] (Figure 1, Table S2). After transplant, among the seven 
patients using an insulin pump, six continued their treatment and 
one patient replaced the insulin pump with multiple insulin injec-
tions. Among the three patients treated with multiple insulin injec-
tions, one (Patient 10) stopped insulin entirely, and the two others 
continued their treatment.

CGM data were available for six patients (Patients 2, 3, 4, 5, 6, 
and 7). These patients showed an improvement in glycemic control 
over 1 year of follow-up, with an increase in TIR from 32% [29–49] 
to 56% [42–67] and from 66% [46–76] to 86% [57–89] for the ranges 

70–140  mg/dl and 70–180  mg/dl, respectively (Figure  2). Average 
glucose level per day also decreased, from 165  mg/dl [129–184] 
to 136  mg/dl [125–146]. TIR (70–140  mg/dl) was improved for all 
patients except for Patient 4, whose composite score determined 
transplantation failure. Coefficient of variation decreased from 
39% [17–56] at enrollment to 35% [63–62] 1  year after islet-lung 
transplantation.

An improvement in nutritional parameters was observed, by a 
median increase in BMI from 18.9 kg/m2 [16.6–19.6] to 20.3 kg/m2 
[17.0–24.0] (Figure  1) and in albuminemia from 32  g/L [21–41] to 
44 g/L [26–47]. Respiratory parameters were also improved, with an 
increase in FEV1 from 24% [13–28] to 71% [67–80] and in FVC from 
41% [33–55] to 78% [63–88] (Figure 3). Improvement in respiratory 
function was equally observed in the three patients receiving lung 
transplantation only (Table S5).

3.4  |  Health-related quality of life (HRQL)

At 1-year follow-up, SF-36 questionnaire analysis showed improve-
ments in the parameters of physical functioning, role limitations—
physical, bodily pain, general perceptions of health, vitality, and 
emotional role limitations (Table S6). No variation was observed re-
garding social functioning, while the mental health score increased 
slightly from 44 [40–51] to 47 [38–57]. The Physical Component 
Score increased from 28 [21–45] to 54 [46–56], while the Mental 
Component Score remained stable at 51 [37–55] versus 53 [40–54]. 
In the DQOL questionnaire, satisfaction, impact of diabetes, and so-
cial worry improved slightly, while diabetes-related worry was un-
changed. All parameters measuring HRQL improved in the CFQ14+ 
questionnaire, with the exception of emotion which remained stable, 
and digestive problems which were shown to worsen. Health per-
ception improved, from a score of 18 [9–36] to 72 [45–100]. These 
improvements were observed from month 6 of follow-up onward.

3.5  |  Safety

No death or loss of lung transplant was observed during the 1-year 
follow-up. Among the 296 AEs (229 non-serious and 67 SAEs) 
reported during follow-up, 45% occurred within the 1st month 
(Table 2). Fifty-four percent of SAEs were reported within the 1st 
month. No complications related to the islet injection procedure 
were reported. The main SAEs were lung infection and respiratory, 
mediastinal, and vascular disorders. All reported AEs and SAEs 
were expected, and all resolved without sequelae. Six patients 
developed acute cellular lung rejection without the presence of 
donor-specific antibodies. Among the nine Grade A1 lung graft re-
jections, seven required simple monitoring without corticosteroid 
treatment, and two required bolus steroid treatment. The median 
length of hospitalization for islet-lung transplantation was 34 days 
[25–37]. Ten readmissions were reported during the 1-year follow-
up: acute renal failure secondary to diarrhea (n  =  3), pulmonary 
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infection (n = 2), cytomegalovirus infection with ileocolitis (n = 2), 
heart rhythm disorder (n = 1), left heart failure (n = 1), and psychi-
atric disorder (n = 1).

4  |  DISCUSSION

In this pilot study, we demonstrate the efficacy and feasibility of 
combined pancreatic islet-lung transplantation in CF patients with 
end-stage respiratory failure and CFRD. Following lung transplan-
tation, diabetes promotes the development of complications, such 

as acute rejection, severe infection, and renal failure, which justifies 
careful monitoring and aggressive management in these patients.30 
For the patients enrolled in our study, the purpose of islet trans-
plantation was not to reverse diabetes, but to restore satisfactory 
glucose control, aiming to improve clinical management during the 
postoperative period and in the medium term. After 1 year of follow-
up, the majority of grafted patients displayed satisfactory metabolic 
control and an improvement in lung function. For these patients, all 
parameters of metabolic control had improved, with a decrease in 
HbA1c, a reduction in exogenous insulin needs, an increase in contin-
uous glucose-monitored TIR, together with an increase in C-peptide 

F I G U R E  1  Metabolic results at baseline and 3 (3 M), 6 (6 M), and 12 (12 M) months after combined islet-lung transplantation: (A) fasting 
glycemia, (B) BMI, (C) insulin requirements, (D) HbA1c, and (E) plasma C-peptide. Results are expressed as boxplots with median, minimum, 
maximum values and IQR
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after 1  year of follow-up. For those patients who did not achieve 
satisfactory metabolic control, non-compliance with treatment and 
insufficient quantity of islets provide possible explanations, while 
one patient failed to achieve metabolic control for unknown rea-
sons. Despite the small number of patients in our study, the use of 
Bayesian analysis allows to determine the metabolic efficacy of the 
combined islet-lung transplantation.

Our study also showed the benefit of combined islet-lung trans-
plantation for quality of life. A marked improvement was observed 
in physical parameters, as it has previously been reported in CF pa-
tients after lung transplantation.31 Psychological parameters did not 
significantly change and were already scored highly prior to trans-
plantation, most likely due to the patients’ positive perception of 
the upcoming procedure. Diabetes-related quality of life was only 
modestly improved, in contrast to observations in type 1 diabetes 
patients following islet transplantation,32 indicating that the major-
ity of the quality of life improvements in our study are related to the 
effects of lung transplantation.

In terms of safety, we found the safety profile of combined 
islet-lung transplantation to be similar to that of lung transplanta-
tion alone. Lung infection is the most common complication of lung 
transplantation, and we found this to also be the case with the com-
bined lung-islet procedure. Rates of lung infection were similar to 
those observed in a series of lung transplant patients33 and all SAEs 
resolved without sequelae. The supplementary islet perfusion pro-
cedure does not, therefore, appear to increase morbidity associated 
with lung transplantation. Although we observed no mortality, the 
pilot nature of this study and the small number of participants in-
volved mean that larger scale studies are required to meaningfully 
assess mortality rates.

The minimally invasive percutaneous approach for islet infusion 
offers several advantages in the early postoperative period of lung 
transplantation. The procedure-related morbidity of intraportal 
islet infusion is low compared to that of pancreas transplantation.34 
Lung-pancreas transplantation is technically more complex, carry-
ing a higher risk of complications due to the simultaneous thoracic 

F I G U R E  2  CGM data at baseline and 1 year after combined lung-islet transplantation. For each participant, CGM data are shown 
at baseline (left column) and at 1-year follow-up (right column). Presentation of data using (A) the more stringent TIR employed for the 
composite score of this study (70–140 mg/dl) and (B) the standard TIR (70–180 mg/dl). The percentage of time spent in different glycemic 
ranges is indicated by different shades of gray according to the key. CGM, continuous glucose measurement; TIR, time in range; TAR, time 
above range; TBR, time below range; #, patient number [Color figure can be viewed at wileyonlinelibrary.com]
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and abdominal procedures in already very weak patients. However, 
whole organ pancreas transplantation offers the possibility of op-
timized glycemic control, complete insulin independence, and the 
correction of pancreatic exocrine insufficiency, which is extremely 
common in this population. An alternative could be to propose 
pancreas transplantation following recovery from lung transplan-
tation.35 In the case of lung-islet transplantation, islet cells can be 
successfully maintained in culture for up to 10  days, allowing im-
plantation to be delayed until the patient's clinical condition has im-
proved. Although a small risk of serious complications is associated 
with this procedure in type 1 diabetes patients,36 we observed no 
complications related to islet injection in our study. This difference 
may be explained by the specific diabetes-related coagulation state 
of type 1 diabetes patients, which is not found in CF patients.

The use of the same single donor for lung and islet transplanta-
tion may also offer immunological advantages, by reducing immu-
nogenicity, and therefore reducing the risk of rejection. Indeed, we 
observed a lower rate of lung rejection, with only two cases of acute 
lung graft rejection requiring steroid bolus, compared to the 40% 
which has been reported after lung transplantation alone.37  The 
immunosuppression protocol was designed to allow control of pul-
monary rejection and to reduce damage to the transplanted islets. 
Contrary to islet transplantation in patients with type 1 diabetes, we 
did not use etanercept in our study. However, the target doses of tac-
rolimus were a compromise between the low doses used in the stan-
dard Edmonton protocol and the doses used in lung transplantation. 

Indeed, this difference in immunosuppression regime may have im-
pacted our results, although it is difficult to speculate on the exact 
nature and magnitude of such a potential impact.

The use of a single donor, however, limits the quantity of islets 
that can be isolated. In our study, the weak increase in C-peptide 
and the modest reduction in posttransplant insulin requirements 
can be explained by the low number of transplanted islets isolated 
from a single donor pancreas, despite the residual insulin secretion 
which occurs in CFRD. For patients with type 1 diabetes, at least 
10,000 IEQ/kg from two or three pancreas donors are necessary to 
ensure insulin independence. An alternative approach would be to 
delay islet transplantation and provide the islet graft from several 
different donors, as has been successfully carried out in both type 1 
diabetes and CF patients.38,39

Combined lung-islet transplantation is a relatively new therapeu-
tic option for CF patients, and the best candidates for this treatment 
remain to be defined. In a retrospective study, Valour et al showed 
that 60% of patients with uncontrolled CFRD (HbA1c >7%, insulin 
dose >1  IU/kg/day) prior to lung transplantation gained metabolic 
control after the graft and suggested that combined islet-lung trans-
plantation may most benefit patients whose diabetes is linked to de-
creased insulin secretion.14 The results of our study, whose inclusion 
criteria encompass a subgroup of patients with end-stage CF, uncon-
trolled CFRD, and impaired pancreatic insulin secretion, reinforce 
the suggestion that the combined procedure is of benefit within this 
specific population.

F I G U R E  3  Respiratory function parameters. FEV1 expressed in (A) liters and (B) percentages and FVC expressed in (C) liters and (D) 
percentages at baseline and at 3 (3 M), 6 (6 M), and 12 (12 M) months after combined lung-islet transplantation. The error bars indicate the 
ranges. FEV1, forced expiratory volume expired in 1 s; FVC, forced vital capacity. Results are expressed as boxplots with median, minimum, 
maximum values and IQR
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The main limitation of our study is the absence of control group. 
Improvements in outcome measures such as weight increase, BMI, 
respiratory parameters, and quality of life are to be expected follow-
ing lung transplantation and therefore cannot be solely attributed 
to the combined islet procedure. However, this trial is the first to be 
carried out in islet-lung transplantation using a standardized proto-
col across several centers and provides valuable data. To prove the 
real benefit of combined islet-lung transplantation for CF patients, 
it would be interesting to carry out a comparative, randomized trial 
evaluating the metabolic evolution of patients who received com-
bined islet-lung transplantation versus lung transplantation and in-
sulin therapy. The use of repeated islet infusion from several donors 
should also be explored. However, this type of study is highly chal-
lenging, owing to the rarity of CF and difficulties in recruiting suffi-
cient numbers of eligible participants. An alternative, more feasible 
approach would be to carry out an international, multicentric trial, 
employing the present standardized protocol. This would allow to 
significantly increase the amount of data collected on the efficacy of 
combined lung-islet transplantation within this particular population.

A second limitation is that the new composite score employed in 
this study has not yet been validated. For type 1 diabetes patients, 

islet transplantation has been developed without a clear definition 
of the functional and clinical outcomes which define graft success. 
Given that insulin independence or C-peptide levels alone are not 
good markers for metabolic efficacy, the use of composite markers, 
such as the Beta, Beta 2, Igls scores, which take into account C-
peptide, HbA1c, fasting glycemia, insulin needs, and hypoglycemia 
parameters, have been proposed as better alternatives.40 However, 
these scores cannot be applied to CFRD patients, due to the pres-
ence of persistent endogenous insulin secretion with detectable 
C-peptide, the low reliability of HbA1c in CF patients, and the low 
number of hypoglycemic events linked to residual insulin secretion. 
As no definitive score of metabolic control has been validated for 
CFRD, we applied a modified version of the existing beta score, tai-
lored to CFRD by removing the C-peptide component and replacing 
this with weight, an important metabolic marker for CF patients. 
Further work on the validation of such scores is merited and would 
be of use in future clinical studies. Recently, the Igls 2.0 score, based 
on HbA1c values and CGM data, has been proposed.40 Applied to 
our six patients with CGM data, combined islet-lung transplantation 
was a success in five out of six patients versus four out of six with 
our composite score. Due to the limited availability of CGM at the 
start of this study, we were unable to use these criteria as a primary 
end point.

The results of this study indicate that combined islet-lung trans-
plantation is an efficient and viable therapeutic option for patients 
with end-stage CF and CFRD, whose numbers are on the rise due 
to the increased life expectancy of CF patients. It should be noted, 
however, that the absence of a lung transplantation alone control 
group in our study means that the results of combined lung islet 
transplantation cannot be attributed to the islet transplantation 
alone. While larger studies will be challenging, they will be of utmost 
importance in defining the long-term benefits of this treatment and 
identifying the best-suited candidates, in turn, allowing to optimize 
clinical outcomes.
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TA B L E  2  Number of serious and non-serious adverse events 
during the 1 year of follow-up after islet-lung transplantation

0–1 month 1–12 months Total

Number of AEs 133 164 296

Number of non-serious AEs 97 132 229

Number of SAEs 36 28 67

Infections and infestations (n) 9 9 18

Respiratory, thoracic, and 
mediastinal disorders (n)

8 4 12

Vascular disorders (n) 9 0 9

Gastrointestinal disorders (n) 1 4 5

Immune system disorders (n) 1 3 4

Renal and urinary disorders (n) 2 2 4

Cardiac disorders (n) 3 0 3

Metabolism and nutrition 
disorders (n)

1 2 3

Blood and lymphatic system 
disorders (n)

1 1 2

Injury, poisoning, and 
procedural complications (n)

2 0 2

General disorders and 
administration site 
conditions (n)

0 1 1

Musculoskeletal and connective 
tissue disorders (n)

0 1 1

Nervous system disorders (n) 1 0 1

Product (device) issues (n) 0 1 1

Psychiatric disorders (n) 1 0 1

Note: Different classes of SAEs and numbers reported for each class are 
detailed.
Abbreviations: AEs, adverse events; SAEs, serious adverse events.
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