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Abstract
Disease-specific outcomes in patients with non-cystic fibrosis bronchiectasis following lung
transplantation are not well described.

We performed a retrospective analysis to describe outcomes in these patients. Patients with
non-cystic fibrosis bronchiectasis who have undergone lung transplantation in the United States
were identified using the Organ Procurement and Transplant Network database. Survival data
were analyzed for the post-lung allocation score period with Kaplan-Meier curves, and a logrank test was conducted to compare survival data between an age, gender, and activation date
matched non-cystic fibrosis bronchiectasis cohort.

Seven hundred twenty-one patients with non-cystic fibrosis bronchiectasis were listed for lung
transplantation between March 1992 and September 2019. Four hundred seven patients
received lung transplantation with a median age at listing of 47 years. The Kaplan-Meier
survival analysis for lung transplantation recipient non-cystic fibrosis bronchiectasis patients
during the post-lung allocation score period at 1, 5, and 10 years was 87%, 53%, and 16%
respectively. The median survival time post-lung transplantation is 6.0 years (IQR: 2.3–11.9
years), which is similar to an aged and gender matched cohort (p = 0. 86).

This retrospective analysis demonstrates that median survival after lung transplantation in noncystic fibrosis bronchiectasis was similar to other lung transplantation recipients over the study
period. We suggest that the development of specific criteria for lung transplantation in noncystic fibrosis bronchiectasis may improve patient selection and benefit a larger group of
patients with this therapy.

1. Introduction
Bronchiectasis is a disease process in which damage occurs to the bronchial wall leading
to an increase in airway diameter[1]. It has many causes, including genetic diseases such as
cystic fibrosis (CF) and alpha-1 antitrypsin deficiency, immunodeficiencies, and as a sequalae of
severe pneumonia, among others[2]. Non-CF bronchiectasis (NCFB) differs from CF lung disease
in several ways. While CF lung disease is a disease that tends to affect Caucasians from birth,
NCFB tends to be recognized in patients in the sixth decade of life[3]. Both Cystic Fibrosis and
NCFB commonly have co-morbid conditions. Cystic Fibrosis is a multi-organ system disease,
causing co-morbid pancreas, liver, and sinus disease, among others[4]. However, the co-morbid
conditions in NCFB vary and may not be related to the underlying etiology of bronchiectasis.
These diseases may also show different rates of lung function decline. While there are limited
head-to head- studies, registry data have shown that percent predicted for forced expiratory
volume at one second (FEV1) declines at a rate of 1.45-1.92% predicted per year in CF[5],
where as in NCFB percent predicted FEV1 declines at about 0.98% predicted per year[6].
People with bronchiectasis may be asymptomatic or have shortness of breath, persistent
sputum production, recurrent infections, decreased exercise capacity, and an obstructive
pattern on spirometry[7, 8]. As the disease progresses and lung function declines, patients
usually experience worsening quality of life and are at increased risk of death[8]. While there
are treatments for bronchiectasis, including airway clearance therapies, treatment of infections,
and treatment of the underlying etiology[7], there is no known cure.
Lung transplantation (LT) is a therapy for end-stage NCFB. It makes up a small
proportion of lung transplants performed, as only 4.5% of all bilateral lung transplants were
performed for NCFB between January 1995 and June 2008[1]. Several centers have reported
their own experience with LT in the NCFB population, but these outcomes are not welldescribed on a national scale. Titman et al described LT outcomes in a national cohort of
patients with bronchiectasis in the United Kingdom [9], but a similar cohort in the United States

has not been published. This study sought to describe disease-specific outcomes in patients with
NCFB following lung transplantation in the United States.

2. Materials and Methods
This was a retrospective study using database derived data that sought to describe
mortality outcomes for LT for NCFB. This study was approved by the University of Florida
Institutional Review Board (IRB202002417). Data were extracted from the Organ Procurement
and Transplant Network (OPTN) database maintained by the United Network for Organ Sharing
(UNOS) regarding all lung transplants candidates in the United States between March 1992 and
September 2019. Patients listed within four years of the study end date were not included in the
wait list or survival analysis to prevent right censoring. Survival data were analyzed for the
post-lung allocation score (LAS) period with Kaplan-Meier curves, and a log-rank test was
conducted to compare survival data between an age, gender, and activation date matched NCFB
cohort. To create an age, gender, and activation date matched cohort, a case-matched method
was used. The dataset was divided by gender and then sorted by descending age and secondly
by descending activation date. The subject with the closest activation date to the NCFB subject
was selected as the matched case. This method was used over a multivariable model to adjust
for the activation date more accurately, since disease treatment and survival are linked to time.
A Fisher’s exact test was used to compare the post-LT rates of airway dehiscence,
dialysis, and stroke between the NCFB and all LT recipients, as well as the NCFB cohort and the
matched cohort. Interquartile range (IQR) was defined as the 25th to 75% percentile of the
entire rage of the cohort. Patients who received a lobar or multiorgan transplant were not
included in the analysis. The significance level for all tests was alpha < 0.05. Analyses were
performed with JMP, version 15.0 (SAS Institute, Cary, North Carolina).

3. Results
A total of 721 patients with NCFB were listed for a LT, and 407 patients received a LT.
The baseline demographic, clinical, and physiological characteristics of listed and transplanted
recipients are summarized in Table 1. Over the same time period, the total of number of patients
listed for LT for all indications was 60,872, and 39,864 (65.2%) were transplanted. During the
LAS period, 34,670 patients were listed, and 25,725 (74.2%) were transplanted. At the time of
data analysis, 263 patients who were transplanted for NCFB had died (65%), 114 patients were
alive (28%), 16 patients were lost to follow-up (4%), and 14 patients were retransplanted (3%)
(Table 2). The median waiting-list time for subjects who were transplanted was 254 days (IQR
83 – 568 days), and since the institution of the LAS in May of 2005, the median waiting-list time
has been 119 days (IQR 36 – 301 days). Single LT was performed in 11 patients (3%); whereas,
double LT were performed in 396 patients (97%). The median length of hospital stay after
transplant was 18 days (IQR 12 – 32 days). Prior to discharge 20 patients (5%) required dialysis
(p = 0.59), 10 patients (3%) had a stroke (p = 0.48), and 9 patients (2%) developed airway
dehiscence (p = 0.13), which are similar to rates in patients who were transplanted for other
indications. These findings were similar when the NCFB subjects were compared to the matched
cohort regarding dialysis (p=0.19), stroke (p=0.47), and airway dehiscence (p=0.55).
Details regarding the etiology of death for the 263 deceased NCFB recipients were
reviewed. The most common causes of mortality were graft failure (64/263, 24%), infection
(59/263, 23%), respiratory failure (49/282, 19%). (Table 3) Infection accounted for 19.1%
(3,876/20,310) of the reported deaths for all subjects transplanted without NCFB, which was
similar to the NCFB cohort (OR 0.81, CI 0.61-1.09, p=0.18).
The median survival time post-LT in the LAS period was 6.0 years (IQR 2.3 – 11.9 years).
The Kaplan-Meier survival for all 114 patients transplanted for NCFB in the post-LAS period in
our study was 87%, 53%, and 16%, at 1-, 5-, and 10-years, respectively (Figure 1). The median
survival in the post-LAS period for the age, gender, and activation date matched cohort was 5.5

years (IQR 2.3 – 13.2 years). (Table 4) A Kaplan-Meier curve demonstrated similar survival for
patients transplanted for NCFB compared to the matched cohort (p = 0.86). (Figure 1)

4. Discussion
Lung transplantation is an accepted therapy for end-stage NCFB, but outcomes are not
well-described in the United States due to low volume and single-center reporting. This study
shows that survival of patients undergoing LT for NCFB in the United States from institution of
the LAS to September 2019 is similar to the survival of an age, gender, and activation date
matched cohort of patients undergoing LT for other indications. This study also describes the
most common causes of death in patients undergoing LT for NCFB.
Since this is a retrospective study of registry data, some of the specifics regarding LT are
unavailable. For example, it has been shown that the microbiology of the airway before
transplant can affect outcomes after LT. Mattner et al demonstrated in a German cohort that
patients colonized with gram-negative rods prior to transplant had a higher risk of postoperative pneumonia[10]. In the cohort from Birch et al, the only patients who developed
Pseudomonas aeruginosa colonization at one year were those who were colonized with
Pseudomonas aeruginosa prior to their transplant[11]. In the CF population, it has also been
demonstrated in a small cohort that Pseudomonas aeruginosa isolates after transplant match
those isolated pre-transplant, suggesting a within host source[12]. A study by Willner et al
demonstrated that in patients transplanted for CF, recolonization of the donor lungs with
Pseudomonas aeruginosa is not associated with bronchiolitis obliterans syndrome (BOS)[13].
However, de novo Pseudomonas aeruginosa colonization of the airway is associated with
development of BOS[14]. All of the above demonstrates that the microbiome that develops in
the transplanted lung can influence outcomes after transplant. Unfortunately, these pretransplant microbiologic data were not available for review, so we are unable to assess how
differences in airway microbiology may have affected mortality.

Several centers have reported their own experience with LT in the NCFB population, but
these studies have lower patient volumes, ranging in patient numbers from 20 to 54 patients.
Rusonov et al published their experience from a single institution over 16 years in Israel
comparing LT for NCFB to LT for CF lung disease[15]. Their NCFB group of 33 patients had a
median survival of 7.1 years post LT, compared to 8.4 years in the CF lung disease group, a
difference that did not reach statistical significance. They also performed a Cox proportional
hazard analysis to examine risk factors for mortality, finding that going on cardiopulmonary
bypass during surgery was a risk factor for mortality in patients with NCFB. In general, they
found that the outcomes for LT for NCFB and CF lung disease were similar.
Birch et. al also published their experience performing LT for NCFB. They found that the
median survival post-LT for their cohort of 42 patients was 9.3 years, which was comparable to
survival in LT for other indications at their center[11]. Several abstracts have been presented
recently, which also report single center experience with LT for NCFB. Kennedy et. al, found that
the median survival at their institution in Australia was 38% at 5-years and noted that this was
much worse than their survival for patients transplanted for CF lung disease [16]. Dantas et al
from Portugal found that the survival at their institution at 5 years was 79%, and noted that this
was better than their average for other indications[17]. It is unclear what accounts for this
dramatic difference in outcomes. The largest study available is from Titman et al, which
evaluated outcomes of lung transplantation for all diseases in the United Kingdom from 19952006. Their bronchiectasis cohort was made up of 54 patients, and their median survival was
8.2 years[9].
Our data agrees with what others have found. Survival for patients transplanted for
NCFB tends to be comparable to survival for all other indications for lung transplantation. These
patients are transplanted in low numbers, yet our study demonstrates that their survival is
similar to other patients who undergo LT.
In many ways, experience from LT in the CF population is applied to the NCFB patient
population. For example, listing criteria and expected outcomes are often extrapolated to the

NCFB population from patients with CF[1]. The International Society for Heart and Lung
Transplantation guidelines for lung transplant recipient selection either do not give guidance
regarding recipients with NCFB[18] or NCFB is combined with CF lung disease, with the
admission that data for NCFB is limited[19, 20].
In addition, we found an age discrepancy for transplanting the NCFB population. The
average age of diagnosis for these patients is 57 years old[3], yet our study found that the
average age of LT listing was actually ten years younger, at 47 years old. This age discrepancy
suggests a few important points. First, it suggests a selection bias for referred and transplanted
subjects. It is possible that the lack of listing criteria specific to bronchiectasis leads to fewer
patients being referred to transplant and a more stringent screening process. A more stringent
screening process for transplantation may produce transplant candidates that are younger and
have fewer comorbidities. Second, registry data shows that patients with CF tend to have lung
transplantation at a younger age. Sethi et al found in the UNOS registry that the average age of
patients undergoing LT for CF was 31 years[21], much lower than the average of 47 years for
the NCFB patient group. It is possible that younger patients with NCFB are more likely to meet
criteria for LT listing developed for CF, and thus are referred more often. Criteria that are more
specific to NCFB may allow older patients to undergo transplantation.
There is evidence that the application of CF criteria for transplant is poorly applied to
the NCFB population. For example, Hayes et. al demonstrated that patients with advanced NCFB
had significantly lower waitlist mortality compared to patients with CF lung disease[22]. Given
the differences in demographics and associated comorbidities, such as liver and pancreatic
disease in the CF population, these patient groups may be too dissimilar to allow the same
criteria to be used for consideration of lung transplant. It may be more appropriate to develop a
separate set of criteria for listing patients with NCFB. New bronchiectasis severity scores, such
as the Bronchiectasis Severity Index or the FACED [23, 24], may assist in the development of
listing criteria for bronchiectasis specifically.

This study has several strengths. First, it is the largest study to evaluate outcomes of LT
in NCFB. There have been several studies reporting single center experience in this area, but the
patient numbers are small. This study presents survival data on a patient cohort more than
twice the size of the largest studies published elsewhere. Second, the data came from multiple
centers, which avoid the bias of a single institution’s practices and outcomes.
This study does have limitations. It is retrospective in nature. Given the extensive
screening process that is used in lung transplantation, the data may be subject to a selection
bias. As discussed above, the lack of established guidelines for when to perform LT for NCFB
may make physicians shy away from selecting these patients for LT. Comparatively, this may
mean that younger and otherwise healthier patients undergo LT for NCFB compared to the
patients who undergo LT for other indications. We sought to avoid this selection bias by
comparing survival against age, gender, and activation date matched controls.
Another weakness of this study is that it covers a long time period, during which many
advances have been made in immunosuppression, surgical techniques, and lung allocation. The
outcomes presented here are an average over that time and may not reflect the expected
outcomes of a patient undergoing LT for NCFB today. The survival data presented are from the
LAS period and are more recent. This survival data is likely more reflective of the outcomes that
can be expected today for LT for NFCB.

Conclusion
Lung transplantation is a viable option for NCFB. Our study found that in the United
States from March 1992 to September 2019, lung transplants for NCFB had similar
complications compared to all other indications. Our study also found that in the LAS period,
survival for LT for NCFB was similar to age and gender matched controls who were
transplanted for another indication. We propose that the development of specific transplant
criteria for NCFB may improve patient selection and benefit a larger group of patients with this
condition.
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Tables:
Table 1.
Listed Patients
Transplanted Patients
Variable
Median (IQR), or (N%)
Median (IQR), or (N%)
Age (years)
47 (37 – 55)
47 (37 – 56)
Gender (Female)
431 (60%)
221 (54%)
BMI (m/kg2)
21.8 (18.9 – 25.2)
21.8 (18.8 – 25.1)
FEV1 (% predicted)
24 (19 – 31)
24 (19 – 31)
FVC (% predicted)
41 (33 – 51)
41 (33 – 51)
Lung allocation score
34.9 (32.8 – 37.6)
36.9 (34.3 – 43.8)
Waiting-list time (days)
337 (110 – 808)
254 (83 – 568)
Waiting-list time post-LAS (days) (n = 202)
170 (54 – 450)
119 (36 – 301)
Baseline characteristics of NCFB listed and transplant recipients.
BMI, body mass index; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity;
IQR, inter-quartile range; LAS, lung allocation score; NCFB, non-cystic fibrosis bronchiectasis
Table 2.
Outcome
N (%)
Alive
114 (28%)
Dead
263 (65%)
Missing data
16 (4%)
Retransplanted
14 (3%)
Overall number depicting the type of transplant and the outcomes following lung
transplantation in the cohort of 407 NCFB patients.
Table 3.
Group
Median, years (IQR) 1-year (%) 5-year (%) 10-year (%)
NCFB
6.0 (2.3 – 11.9)
87
53
16
Matched cohort
5.5 (2.3 – 13.2)
84
55
28
Summary of survival for lung transplant recipients in the post-LAS period for NCFB compared to
an age & gender matched cohort.
IQR, inter-quartile range; LAS, lung allocation score; NCFB, non-CF bronchiectasis
Table 4.
Etiology of death
N (%)
Graft failure
64 (24%)
Infection
59 (23%)
Respiratory failure
49 (19%)
Unknown
39 (15%)
Multiple organ failure
14 (5%)
Cardiovascular
12 (5%)
Malignancy
11 (4%)
Cerebrovascular
6 (2%)
Hemorrhage
4 (2%)
Renal failure
4 (2%)
Suicide
1 (0.4%)
Etiology of death for NCFB LT recipients.

Figure 1. Kaplan-Meier survival curve of patients transplanted for non-CF bronchiectasis (solid red line)
compared to lung transplant recipients for all other diseases combined (solid blue line) with 95%
confidence intervals (dashed lines).

