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Impact of alpha 1-antitrypsin deficiency
and prior augmentation therapy on
patients’ survival after lung
transplantation
To the Editor:
Alpha 1-antitrypsin (AAT) deficiency (AATD) is a genetic condition characterised by low serum levels of
AAT and is associated with a high risk of developing early-onset pulmonary emphysema, especially in
cigarette smokers [1]. The most common deficiency alleles among Caucasians are Pi*Z (Glu342Lys) and
Pi*S (Glu264Val), and the majority of individuals with severe AATD are Pi type ZZ. According to
available literature, PiZZ AATD comprises about 1–5% of all chronic obstructive pulmonary disease
(COPD) cases [2]. Given the importance of the protease/anti-protease imbalance in causing Pi*Z-related
emphysema [3], intravenous infusions of exogenous AAT are used as a specific augmentation therapy.
Data from large interventional and observational studies suggest that decline in lung function and overall
mortality decelerates in augmented compared to non-augmented patients [4]. Despite this therapy, it is
impossible to halt the progression of emphysema in many patients and for those who develop end-stage
lung disease, lung transplantation (LTx) remains the only option [5]. AATD is the fourth-most common
reason for LTx, accounting for about 6% of all adult lung transplants [6]; however, there are only a few
studies of post-LTx outcomes of patients with AATD [7, 8]. Evidence for the use of augmentation therapy
after LTx is insufficient, and there is no consensus whether LTx recipients with AATD should receive
augmentation therapy. According to the data, only 13–19% of AATD patients receive augmentation
therapy after LTx [7]. Furthermore, the putative influence of previous augmentation therapy on lung
recipients who discontinued this therapy following transplantation is entirely unknown.
To determine the 10-year survival rates for the AATD recipients who have had or have not had
augmentation therapy prior to LTx, we conducted a retrospective review of a large transplantation
database at the Clinic for Pneumology, Hannover Medical School, Germany. The Ethics Committee of
Hannover Medical School approved the study. Interestingly, Hannover`s transplant centre does not
provide augmentation therapy to post-LTx patients with AATD. Hannover Medical School is one of the
world’s largest and leading lung transplant centres routinely performing LTx in patients with end-stage
lung disease related to COPD, AATD, cystic fibrosis, sarcoidosis and other complex conditions. Most
patients with these diagnoses were transferred from other centres; therefore, our centre has no influence
regarding best patient care and augmentation therapy before LTx. We have no information whether
augmentation was offered for AATD patients with more severe and earlier disease, in the presence of
coexisting liver disease, etc. We confirm that all patients with end-stage lung diseases fulfilled the criteria
for LTx. Data were analysed with IBM SPSS Statistics 24.0 (IBM Corp, Armonk, NY, USA) and STATA
13.0 (State Corp LP, College Station, TX, USA) software. Kaplan–Meier statistics were used to estimate
survival rates with statistical significance assessed by log rank test.
Between October 1999 and December 2012, a total of 1020 patients underwent LTx including 351 patients
with COPD/emphysema, of which 29.9% (n=105) had inherited AATD. For analysis, only patients with
complete documentation of demographic data were included. We matched 246 non-AATD with COPD/
emphysema as a primary diagnosis (hereafter referred to as COPD) and 105 AATD-COPD/emphysema
patients (91 PiZZ and 14 PiSZ, hereafter referred to as AATD). Before LTx, 58 (55%) of AATD patients
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(52 PiZZ and 6 PiSZ) received augmentation therapy (AATDaug+). Out of 351 LTx patients, 92.3% were
bilateral lung recipients: 90.7% COPD, 94.8% AATDaug+ and 97.9% AATDaug−. There was no significant
difference between AATDaug+ and AATDaug− groups in terms of mean±SD age at the time of LTx: 51.5
±6.7 years, n=58 and 49.1±6.7 years, n=47, p=0.075. However, COPD patients were older (54.0±7.2 years,
n=246) than AATDaug+ ( p=0.018) or AATDaug− ( p<0.001). 45% of COPD, 67% of AATDaug+ and 64% of
AATDaug− LTx patients were male.
10 years after LTx, 173 out of 351 (49.3%) patients developed chronic lung allograft dysfunction (CLAD)
and 182 (51.9%) died. Surprisingly, the AATDaug+ group had the lowest overall post-LTx survival rate. As
illustrated in figure 1a, the 10-year survival rate within the AATDaug+ group was only 26% compared to
69% ( p<0.001) for the AATDaug− and 39% ( p=0.009) for the COPD groups. After 1 year, the survival rates
were already significantly lower for the AATDaug+ (71%) versus COPD (88%) whereas after 3 years, the
survival rates were significantly lower for the AATDaug+ (55%) versus AATDaug− (79%) and COPD (74%)
groups (figure 1a).
An increased risk of death at each stage after LTx is associated with the development and progression of
CLAD. However, our attempt to categorise the causes of death gave no explanation for the survival
difference between the groups (figure 1b). Overall, the AATDaug− group showed the best post-LTx
survival, which is in line with survival rates recently presented for AATD LTx at Skåne University Hospital
in Lund, Sweden [8]. The incidence of rejection is lower for younger LTx recipients [9] and thus the
younger age at LTx of the AATDaug− group probably favoured survival. Despite the facts that age at LTx
did not differ between AATDaug+ and AATDaug− patients and that AATDaug+ patients were younger than
COPD patients, they nevertheless showed the lowest survival rates.
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To address this conundrum, we speculated that the putative differences in the first-year outcomes between
the studied groups might give us a hint as to why the AATDaug+ group showed the worst post-LTx
performance. We reviewed the clinical data of AATD patients (1999–2014) who attended the outpatient
clinic for routine check-ups 1-year post-LTx at our institution. Of these patients, we found 47 AATDaug+
and 42 AATDaug−, and we matched 40 COPD LTx patients. None of the three groups differed significantly
with respect to baseline demographic data: age, gender, body mass index, previous history of smoking,
dependency on a wheelchair, airway colonisation, lung function tests, pulmonary hypertension, oxygen
therapy requirement, quality of life, frequency of exacerbation overall and with hospitalisations. The lung
function tests and quality of life post-LTx improved comparably for all COPD and AATD patients. The
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FIGURE 1 a) Kaplan–Meier survival analysis for lung transplants from 1999 to 2012, and b) comparisons of cause of death. AATD: alpha
1-antitrypsin deficiency; aug+: received augmentation therapy; aug-: did not receive augmentation therapy; COPD: chronic obstructive pulmonary
disease.
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occurrence of infections, rejections and airway complications remained very low and without significant
differences among the groups. The comparison between AATDaug+ and AATDaug− revealed no difference
in the number of days on respirator ( p=0.66), days in intensive care unit ( p=0.89), overall hospital stay
( p=0.14), rejection episodes ( p=0.09) and airway complications ( p=0.65). In the 6-min walk distance
(6MWD), the overall performance after LTx did not differ between COPD and AATD patients,
independent of former augmentation therapy. However, COPD and AATDaug− patients showed greater
improvement in Δ6MWD (6 min walk test slope after and prior-LTx) (median +230 m, IQR +170–312 m)
and (median +212 m, IQR +201–238 m), respectively, relative to AATDaug+ (median +186 m, IQR +185–
207 m, p=0.01). 6MWD is significantly associated with post-transplant survival [10]. Therefore, although
the lowest improvement in 6MWD alone among AATDaug+ patients does not prove the lowest
post-transplant survival, it still warrants further investigations. We speculate that long-term augmentation
therapy may affect muscle adaptation for training, kidney function and lipid metabolism, among others,
which play a critical role in patients’ survival after LTx. For instance, after LTx, acute kidney injury often
evolves into chronic kidney disease, which is a known cause of mortality [11]. Although all patients
received nephrotoxic drugs after LTx, it is possible that AATDaug+ patients are more sensitive. The effects
of long-term augmentation therapy with AAT on kidney function are unknown. MEYER et al. [12]
demonstrated that acute reperfusion injury and acute or chronic rejection increase AAT serum levels.
Regrettably, AAT and creatinine levels from the early post-operative period were not available in our
database. Secondly, AAT is considered to be an immunomodulatory therapy, which presumably
compromises the immune system, and if discontinued after LTx, immunosuppressive therapy probably
needs to be specifically adjusted for these AATD patients. In support of this assumption, other small
studies have found that post-LTx survival rates of AATD patients with continued augmentation therapy
did not differ from COPD [7].
The main conclusion with respect to AATD patient survival after LTx is that patients who received
augmentation therapy prior to LTx show worse 10-year survival rates relative to AATD without prior
augmentation as well as to those with general COPD. Currently, we are unable to provide an explanation
for this unexpected finding. It could be that AATD patients who were receiving augmentation therapy
prior to LTx have had more profound illness, and that could have impacted the post-transplant course.
This topic warrants further prospective investigations. It is also possible that both prior augmentation
therapy and/or therapy discontinuation have an adverse effect on post-LTx patient survival. Unfortunately,
we could not address this question in a retrospective study. A prospective study design that includes
post-LTx AATD patients continuing and discontinuing augmentation therapy will be required.
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