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Abstract

Introduction—Alpha-1-Antitrypsin deficiency (AATD) is grouped with chronic obstructive 

pulmonary disease (COPD); however, this may not be appropriate. This study assessed whether 

AATD confers a different prognosis than COPD following lung transplantation.

Methods—We employed the UNOS database, grouping patients by diagnoses of AATD or 

COPD. Kaplan-Meier methods and Cox modeling were performed to determine the association of 

diagnosis and overall survival.

Results—Of 9569 patients, 1394 (14.6%) had a diagnosis of AATD. Patients with AATD who 

received a single lung transplant had reduced 1-year survival (Adjusted Hazard Ratio [AHR]: 1.68, 

95% CI: 1.26, 2.23). Among patients who received a bilateral lung transplant, there was no 

significant difference in survival by diagnosis (AHR for AATD as compared to COPD: 0.96, 95% 

CI: 0.82, 1.12). After the implementation of the LAS, there was no significant difference in 

survival among patients who received a single (AHR: 1.15, 95% CI: 0.69, 1.95) or bilateral (AHR: 

0.99, 95% CI: 0.73, 1.34) lung transplant by diagnosis.

Conclusion—Lung transplantation is increasingly employed in the care of the patient with 

COPD. Though recipients undergoing LTX for AATD are at increased risk of both acute rejection 
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and airway dehiscence post-transplant, in the post-LAS era, survival rates are similar for recipients 

with AATD in comparison to COPD.
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Introduction

Alpha-1-Antitrypsin deficiency (AATD) is an inherited disorder which affects multiple 

organs, most notably the lung and liver. It is estimated that roughly 100,000 people in the 

United States are affected by this condition.1,2 In the lung, AATD leads to panacinar 

emphysema, a form of chronic obstructive pulmonary disease (COPD), eventually leading to 

pulmonary failure. Among patients with severe AATD, pulmonary failure is the leading 

cause of death.3 Treatment for AATD traditionally consists of supportive therapy, however 

augmentation with supplemental alpha-1-antitrypsin from pooled human plasma has 

demonstrated some efficacy in slowing the decline of lung function.2 Nonetheless, once the 

pulmonary disease has progressed to a certain point, only lung transplantation is available to 

prolong survival.4

Historically, AATD has been grouped with COPD when evaluating a patient for lung 

transplantation, as previous research has demonstrated that overall survival and pulmonary 

function is similar in patients with COPD who are either replete or deficient in alpha-1-

antitrypsin.5 However, more recent data demonstrate that this grouping may not be 

appropriate.6 We therefore performed the following review of the United Network for Organ 

Sharing (UNOS) database in order to determine the association between diagnosis (AATD 

vs COPD) and outcomes. We hypothesized that patients with AATD have superior long-term 

survival following lung transplantation than patients with COPD based on recent studies.6

Methods

Patient Population

The United Network for Organ Sharing (UNOS) Standard Transplant Analysis and Research 

(STAR) Files were queried for patients 18 years of age or older undergoing first-time 

isolated deceased-donor lung transplant for a primary diagnosis of either COPD or AATD 

during the years 1990 to 2013. From here on, patients with a diagnosis of AATD will be 

referred to as the AATD group, while patients with a general diagnosis of COPD will be 

referred to as the COPD group. Patients were excluded if they were on extracorporeal 

membrane oxygenation (ECMO) at the time of transplantation or if they had unknown 

follow-up time. The Duke University Institutional Review Board approved this study prior to 

analysis.

Variables

The analysis included both candidate- and donor-related variables. With regards to pre-

operative candidate variables, age, sex, race, body mass index (BMI, kg/m2), hypertension, 
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diabetes, smoking history, previous cardiac surgery, pulmonary hypertension, functional 

status at transplant, steroid treatment at transplant, lung allocation score (LAS), six minute 

walk distance <150 feet, percent predicted forced expiratory volume in one second (FEV1), 

cytomegalovirus (CMV) status, Epstein-Barr virus (EBV) status, time on the waiting list 

prior to transplant (days), and center lung transplant volume over the study period were 

included. In addition, ischemic time (hours) was also included. Pulmonary hypertension was 

defined by the most recent pulmonary artery pressure, with hypertension being defined as 

>25 mmHg as previously described.7 Functional status was defined using the Karnofsky 

performance scale at transplant. Donor variables included age, sex, hypertension, diabetes, 

smoking history, positive pulmonary infection at time of transplant, CMV status, and EBV 

status. Outcome variables included airway dehiscence, post-operative dialysis requirement, 

drug-treated infection, episode of acute rejection, treatment for rejection within one year, 

and hospital length of stay (days). Survival was defined as the time from transplant until 

death or loss to follow-up. Variables with a high degree of missingness (>10%) were 

excluded from analysis.

Statistical Analysis

Due to the distinct differences in patients receiving a single vs bilateral transplant in this 

cohort, unadjusted comparisons by diagnosis were made separately by type of transplant 

(single vs bilateral). Patient baseline characteristics, transplant characteristics, and outcomes 

were compared by group. Continuous variables were compared using the Kruskal-Wallis test 

while categorical variables were compared using Fisher’s exact test or the chi-square test as 

appropriate.

In order to determine time trends in the transplantation of patients with AATD as compared 

to the general COPD cohort, transplantation for a diagnosis of AATD as a function of the 

total transplants for either COPD or AATD was determined by year. Furthermore, to 

ascertain trends in the use of bilateral lung transplantation among patients with AATD, the 

percentage of bilateral transplants as a function of all transplants performed for AATD was 

also determined by year. Trends were tested using the Cochran-Armitage trend test.

Kaplan-Meier methods and Cox proportional hazards regression modeling were performed 

to determine the unadjusted and adjusted association between diagnosis (AATD versus 

COPD) and overall survival. Again, due to the distinct differences between patients who 

receive a single versus bilateral lung transplant, these analyses were performed separately 

for these subgroups. Variables incorporated into the models were determined a priori based 

on clinical significance and included both recipient and donor characteristics. Recipient 

characteristics included diagnosis (AATD vs COPD), age, sex, race, BMI, smoking history, 

diabetes, steroid treatment at the time of transplant, functional status, FEV1 at the time of 

transplant, and days on the waiting list. Donor characteristics included donor age, donor 

diabetes, and donor pulmonary infection. Finally, ischemic time and center volume were 

also included. Due to abrupt changes in the patient population being transplanted secondary 

to the introduction of the LAS in May of 2005, we also performed a sub-analysis among 

patients who were transplanted after this time point. In the adjusted analyses performed after 

the implementation of the LAS, LAS was also included as a covariate.
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The proportional hazards assumption was tested for all Cox models by inspecting the plot of 

the Schoenfeld residuals versus the log of time. If found to be non-linear, the analysis was 

divided into multiple time periods. A P value of <0.05 was used to define statistical 

significance. All statistical analyses were performed using R version 3.0.1 (R Foundation for 

Statistical Computing, Vienna, Austria).

Results

A total of 9569 patients met final study criteria. Of these, 1394 (14.6%) had a formal 

diagnosis of AATD, however the proportion of the study cohort transplanted for a primary 

diagnosis of AATD decreased significantly over the study period (p<0.001, Figure 1). 

Among the entire cohort, 40.6% (n=3881) of patients received a bilateral lung transplant, but 

among patients with AATD, 51.3% (n=715) of patients received a bilateral lung transplant as 

compared to only 38.7% (n=3166) of patients with COPD. The use of bilateral 

transplantation for patients with AATD also increased significantly over the study period 

(p<0.001, Figure 2).

Unadjusted Comparison Among Single Lung Transplants

Among patients who received a single lung transplant, patients with a diagnosis of AATD 

tended to be younger (median age: 51 vs 59, p<0.001) and were less likely to be female 

(42% vs 55%, p<0.001, Table 1). They were also significantly less likely to have a smoking 

history (8.4% vs 27%, p<0.001), hypertension (13% vs 18%, p<0.001), or diabetes (1.2% vs 

5.1%). Among those patients with a recorded LAS, patients with AATD did not have a 

significantly different median LAS as compared to patients with COPD (32 vs 33, p=0.200). 

Lastly, patients with AATD had significantly longer waiting times prior to transplant 

(median days: 261 vs 234 days, p=0.002). This difference was no longer significant after the 

implementation of the LAS (median days: 144 vs 113, p=0.543).

With regards to unadjusted outcomes by diagnosis among patients who received a single 

lung transplant, patients with AATD had significantly increased rates of airway dehiscence 

(2.1% vs 0.7%, p=0.003), and were also significantly more likely to be treated for rejection 

within the first year post-transplant (57.4% vs 49.3%, p=0.016, Table 2). There were no 

significant differences with regards to post-operative hospital length of stay (median 12 vs 

13 days, p=0.977). Patients with AATD were also significantly more likely to die from an 

infectious process as compared to patients with COPD (23.3% vs 15.1%, p<0.001, Table 3).

Unadjusted Comparison Among Bilateral Lung Transplants

Among patients who underwent bilateral lung transplantation, patients with AATD were 

again significantly younger (median age: 50 vs 58, p<0.001) and were less likely to be 

female (37% vs 47%, p<0.001). Again, patients with AATD were less likely to have a 

smoking history (35% vs 63%, p<0.001), have hypertension (7.5% vs 21%, p<0.001), or 

have diabetes (3.1% vs 7.4%, p<0.001). Among patients with a known LAS score, patients 

with AATD had significantly lower LAS scores, although not to clinical significance 

(median score: 32 vs 33, p=0.003).
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With regards to unadjusted outcomes among patients who received a bilateral lung 

transplant, patients with AATD were again significantly more likely to have increased rates 

of airway dehiscence (3.5% vs 1.5%, p=0.001) and were again more likely to be treated for 

rejection within their first year post-transplant (41% vs 33%, p=0.002). Among this cohort, 

patients with AATD had significantly shorter median hospital length of stays than patients 

with COPD (15 vs 16 days, p=0.006). Patients with AATD were again significantly more 

likely to die from an infectious process as compared to patients with COPD (10.5% vs 8.1%, 

p=0.045).

Survival Analysis

Upon investigation of overall unadjusted survival among patients transplanted with a single 

lung transplant, patients with AATD were found to have significantly reduced early survival 

(1-year survival: 74.7% vs 83.1%, p<0.001), however by 5-years, this survival difference 

was not significantly different (45.7% vs 48.3%, p=0.218) and by 10-years post-transplant, 

AATD patients had a significantly improved survival as compared to COPD patients (24.0% 

vs 20.1% p=0.046, Figure 3). Following adjustment for patient and transplant related factors, 

the proportional hazards assumption was not met when analyzing the entire time period, and 

therefore the adjustment was broken up into two separate intervals (early vs late). Within the 

first year of transplant, a diagnosis of AATD was associated with significantly worse overall 

survival (adjusted hazard ratio [HR]: 1.68, 95% confidence interval [CI]: 1.26, 2.23). 

However, among those patients who survived beyond one year, diagnosis was not associated 

with any significant difference in survival after one year (adjusted HR: 1.09, 95% CI: 0.92, 

1.29).

Among patients who received a bilateral lung transplant, on unadjusted analysis, AATD was 

not associated with a significant early survival difference (1-year survival: 83.6% vs 85.5%, 

p=0.220), but significantly improved survival by 5-years (61.8% vs 56.4%, p=0.016, Figure 

4). Again, due to concern for non-proportional hazards, the adjustment was broken up into 

an early and a late interval. However, no significant difference in survival was noted by type 

of transplant either within one year (adjusted HR: 1.19, 95% CI: 0.89, 1.58) or after one year 

(adjusted HR: 0.94, 95% CI: 0.78, 1.14).

Survival Analysis Post-Lung Allocation Score Implementation

Among patients who were transplanted after the implementation of the LAS, there was no 

significant difference in early (1-year survival: 84.2% vs 86.9%, p=0.606) or late (5-year 

survival 51.1% vs 51.7%, p=0.947) unadjusted survival by diagnosis (AATD vs COPD) 

among patients undergoing a single lung transplant (Figure 5). The same was found after 

adjustment (adjusted HR: 1.15, 95% CI: 0.69, 1.95). Among bilateral lung transplants 

performed after the implementation of the LAS, there was also no significant difference in 

early (1-year survival: 88.7% vs 86.5%, p=0.327) or late (5-year survival: 62.7% vs 56.9%, 

p=0.218) unadjusted survival (Figure 6). The same was found after adjustment (adjusted 

HR: 0.99, 95% CI: 0.73, 1.34).
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Discussion

Although only identified in 1963, AATD has become a widely studied disease, affecting 

roughly 1.0–2.5% of all Americans suffering from COPD.1,8 AATD often leads to basal 

panacinar emphysema, which although distinct from the apical centrilobular emphysema of 

COPD, can still lead to severe pulmonary disease.8,9 Roughly 10% of patients will go on to 

require a lung or liver transplant, and lung transplantation has been demonstrated to be 

associated with significant improvements in overall survival in this population as compared 

to medical therapy.6,9 In this study, we evaluated the outcomes associated with lung 

transplantation in patients with a diagnosis of AATD as compared to patients with a general 

diagnosis of COPD. We found significant differences in the baseline characteristics of 

patients with AATD as compared to patients with COPD, and furthermore, significantly 

higher rates of airway dehiscence and rejection. Furthermore, when investigating differences 

in overall survival, AATD patients had significantly reduced early survival when receiving 

single lung transplants as compared to patients with COPD, however this difference appears 

to have disappeared since the implementation of the LAS. Otherwise, patients with AATD 

appear to have similar long-term outcomes following lung transplantation as the general 

COPD cohort.

We also found that there appears to have been significant reductions in the use of lung 

transplantation for AATD over the study period as a function of transplantation for all 

patients with COPD. However, this is less likely to be a result of a reduction in the use of 

transplantation for AATD, which has remained relatively stable over the study period in 

terms of absolute numbers, as much as there has been an increase in the use of lung 

transplantation in patients with COPD, a finding also demonstrated in the Registry of the 

International Society for Heart and Lung Transplantation.10 Nonetheless, the use of lung 

transplantation in patients with AATD as compared to the overall cohort of patients with 

COPD appears to be much more common than the general incidence of AATD in the overall 

population (1–2% of all COPD cases).11 Furthermore, our inability to demonstrate an 

increase in the overall rate of lung transplantation for AATD over time may be secondary to 

improvements in the medical treatment of AATD due to the increasing use of alpha-1-

antitrypsin augmentation therapy. In a survey of patients with AATD performed in 2003, 

roughly 75% of patients with obstructive lung disease were currently using augmentation 

therapy.9 We also found significant increases in the use of bilateral lung transplants for 

patients with AATD over the study period, however this is likely a function of the increasing 

use of bilateral lung transplantation overall for patients with COPD, and is not likely distinct 

to the AATD cohort.10

Our demonstration of significant differences in the rates of airway anastomotic leaks, both 

among single and bilateral lung transplants by diagnosis appears to be a new finding. There 

are many hypothetical reasons why this may occur. Alpha-1-antitrypsin is an inhibiting 

agent for numerous proteinases including neutrophil elastase, proteinase 3, and kallikreins 7 

and 14.11–13 The imbalance between elastase and anti-elastase due to the loss of neutrophil 

elastase inhibition in this cohort is thought to be the primary etiology behind AATD-induced 

pulmonary disease.11 It is possible that this imbalance of elastase continues to be a concern 

following lung transplantation, and reduces the ability of the bronchus to heal properly 
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following anastomosis. This hypothesis is supported by reports of wound healing issues in 

patients with AATD, which improve with alpha-1-antitrypsin augmentation.14 

Unfortunately, based on the granularity of the UNOS database, we cannot determine which 

patients were on augmentation therapy at the time of transplant, or which patients were 

continued on this therapy through transplant, but this finding may indicate that augmentation 

therapy may be important in the perioperative period in these patients. Further granularity in 

this regard may improve the ability of the UNOS database to answer this question more 

definitively in the future. Increased rates of complications related to wound healing in the 

AATD group are also in the setting of decreased rates of steroid use and diabetes compared 

to the COPD group, both of which likely put the COPD group at higher risk of wound 

complications. This may suggest that recipients with a diagnosis of AATD and a history of 

diabetes or steroid dependency might be at an even higher risk of wound complications, an 

insight that may give reason to particularly emphasize modifiable risk factors in this setting.

We also found significantly increased rates of rejection within one year among both single 

and bilateral lung transplant patients with AATD as compared to the overall COPD cohort. 

This also appears to be a novel finding as compared to previous reports.5 Again we could not 

determine exactly why this finding was seen, but it may be secondary to the differences in 

baseline characteristics seen between the AATD and COPD groups. Patients with AATD 

tended to be younger and were more likely to be white, both factors found to be associated 

with significantly higher rates of rejection in previous studies.15 Conversely, it may be 

secondary to a yet unknown process intrinsic to patients with AATD.

Lastly, there is substantial controversy in the literature regarding the overall survival 

differences among patients who undergo lung transplantation for AATD versus COPD. In a 

single institution study, Banga and colleagues found no significant differences in early or 

late survival,5 however a study by de Perrot and colleagues found that patients with AATD 

suffered impaired survival post-transplant.16 Conversely, a Swedish study by Tanash and 

colleagues found AATD recipients performed significantly better than non-AATD patients.6 

The differences in these small single institution studies is likely secondary to variations in 

the use of augmentation therapy and practice patterns by site. In our investigation of a large 

national database, we found that overall, patients with AATD receiving a single lung 

transplant had reduced early survival as compared to the overall COPD cohort, but that these 

patients then had similar long-term survival. However, these differences disappeared after 

the implementation of the LAS in May 2005. Among patients receiving a bilateral lung 

transplant, these differences were severely diminished, and again disappeared entirely after 

the implementation of the LAS.

The differences in survival in the overall cohort as compared to the post-LAS cohort are 

intriguing and likely multifactorial. The LAS has been demonstrated to have substantially 

reduced waiting times for transplant, without any significant impact on post-transplant 

overall survival.17 However, as the LAS does not differentiate between diagnosis with 

regards to AATD (both AATD and COPD are grouped as a “Group A” Diagnosis), it is 

possible that there were differences in the severity of illness by diagnosis prior to the 

implementation of the LAS which led to reduced early survival for patients with AATD, 

which have been corrected since that time. Alternatively, although augmentation therapy was 
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first implemented in the 1980s, its growing use may reduce the dissimilarities in patients 

with AATD presenting for lung transplant as compared to other patients with COPD, thus 

leading to more similar short and long-term survivals.8 Finally, these observations may be 

attributed to overall improvements in the approach to lung transplantation more broadly, but 

have impacted specific disease processes more profoundly than others. The approach to 

over- and under-sizing of lung allografts has been shown to contribute to post-transplant 

outcomes in both restrictive and obstructive diseases, a finding that has resulted in changes 

in approach for many centers and may contribute to temporal variation in outcomes.18

Although we present here the largest study to date on the use of lung transplantation in 

patients with AATD as compared to patients with other forms of COPD, there are important 

limitations which bear consideration. First, the diagnosis of AATD in the UNOS database 

relies on the interpretation of the data manager, and is not authenticated by genetic testing. 

Second, as a retrospective review of a national database, there as always exists the potential 

for unobserved confounding which could not be accounted for in our adjusted analyses. 

Third, as discussed above, the UNOS database does not record the use of augmentation 

therapy for patients with AATD, so we could not determine how many patients were on 

augmentation therapy at the time of transplant or which patients had augmentation therapy 

continued through transplant, nor could we incorporate these variables into our adjustment.

In conclusion, there are significant differences with regards to baseline characteristics and 

post-operative complications between patients with AATD and the general COPD cohort. 

Furthermore, there are significant differences in overall survival by diagnosis among patients 

treated with a single lung transplant, however these differences do not seem to occur in 

patients receiving a bilateral lung transplant. Lastly, it does not appear that these differences 

in survival have been sustained since the implementation of the LAS. Consequently, our 

findings demonstrate that there are still areas for improvement regarding the transplantation 

of patients with AATD, specifically related to a better understanding of why these patients 

suffer from higher rates of airway dehiscence and rejection. Nonetheless, as survival appears 

to be similar by diagnosis since the implementation of the LAS, the combining of these two 

diagnoses for research and organ allocation purposes is not contraindicated.
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ECMO Extra-Corporeal Membrane Oxygenation

BMI Body Mass Index

LAS Lung Allocation Score

FEV1 Forced Expiratory Volume in one second

CMV Cytomegalovirus
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Figure 1. 
Trends in the diagnosis of alpha-1-antitrypsin deficiency among patients receiving a lung 

transplant for chronic obstructive pulmonary disorder from 1990–2013.
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Figure 2. 
Trends in the use of bilateral lung transplantation for alpha-1-antitrypsin deficiency from 

1990–2013.
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Figure 3. 
Unadjusted survival by diagnosis (alpha-1-antitrypsin deficiency vs general chronic 

obstructive pulmonary disorder) among patients receiving a single lung transplant over the 

study period.
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Figure 4. 
Unadjusted survival by diagnosis (alpha-1-antitrypsin deficiency vs general chronic 

obstructive pulmonary disorder) among patients receiving a bilateral lung transplant over the 

study period.
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Figure 5. 
Unadjusted survival by diagnosis (alpha-1-antitrypsin deficiency vs general chronic 

obstructive pulmonary disorder) among patients receiving a single lung transplant since the 

implementation of the lung allocation score.
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Figure 6. 
Unadjusted survival by diagnosis (alpha-1-antitrypsin deficiency vs general chronic 

obstructive pulmonary disorder) among patients receiving a bilateral lung transplant since 

the implementation of the lung allocation score.
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