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Abstract 

Patients with inherited alpha-1-antitrypsin (AAT) deficiency (ZZ-AATD) and severe chronic 

obstructive pulmonary disease (COPD) frequently suffer from exacerbations. We postulated that 

inhalation of nebulised AAT would be an effective treatment.  

We randomly assigned 168 patients to receive twice daily inhalations of 80 mg AAT solution or 

placebo for 50 weeks. Patients used an eDiary to capture exacerbations. The primary endpoint was 

time from randomisation to the first event-based exacerbation. Secondary end-points included 

change in the nature of the exacerbation by the Anthonisen criteria. Safety was also assessed. 

Time to first moderate or severe exacerbation was at median 112 days (IQR 40, 211) for AAT and 140 

days (IQR 72, 142) for placebo, p = 0·0952. The mean yearly rate of all exacerbations in the AAT and 

placebo groups was 3.12 and 2.67 (p = 0.31), respectively.  More patients receiving AAT reported 

treatment-related TEAEs (Treatment Emergent Adverse Events) compared to placebo (57·5% vs. 

46·9%, respectively) and they were more likely to withdraw from the study. After the first year of the 

study, the rate of safety events in the AAT treated group dropped to that of the placebo group.  

We conclude that in AATD patients with severe COPD and frequent exacerbations AAT inhalation for 

50 weeks showed no effect on time to first exacerbation but may have changed the pattern of the 

episodes.  

Introduction 

Individuals with severe deficiency of alpha-1-antitrypsin (AAT) due to a Glu342Lys point mutation (ZZ-

AATD), are at increased risk of developing chronic obstructive pulmonary disease (COPD) with a 

dominant emphysema phenotype [1]. They also tend to experience an accelerated course of the 

disease, with worsening air flow limitation and decreasing gas transfer compared to COPD patients 

with normal levels of AAT. Airflow limitation in particular is strongly associated with symptoms [2].  

These patients frequently suffer from exacerbations of respiratory symptoms that require steroid 

and/or antibiotic treatment and may lead to hospital admission. Exacerbations are associated with 

poor health, [3] and have been shown to accelerate the inevitable decline in lung function seen in 

COPD [4]. A recent multicentre study revealed that increase of dyspnoea is the most important 

component of the Anthonisen criteria driving treatment of an exacerbation [5-7]. 

The usual standard of care for ZZ-AATD patients with COPD and frequent exacerbations is dual 

bronchodilator therapy with inhaled corticosteroids. In a number of countries, intravenous AAT is 

administered in order to protect against the inflammatory destruction of lung parenchyma and to 

reduce the development of emphysema [8]. The effect of intravenous augmentation by AAT 

infusions in ZZ-AATD COPD patients has been studied in three randomised clinical trials, but none 

demonstrated a statistically significant reduction in the rate or severity of exacerbations [9]. In 2015, 

the RAPID trial showed a statistically significant slower decline in lung density but no effect on lung 

function. In addition, there was no significant effect on COPD events (AAT vs Placebo, annualised 

incidence rate of 0.63 vs. 0.36, respectively) [10]. The lack of effect on exacerbations in the Rapid 

trial might be partly methodological and explained by a failure to enrich the study population with 



 

exacerbation-prone patients as well as the lack of contemporaneous diary card monitoring to detect 

exacerbation events. However, it is also possible that the levels of AAT reaching the airway side by 

the intravenous route are insufficient to modify airway inflammation.  

Direct delivery of AAT to the lung by nebulisation might have a higher impact on airway 

inflammation, but the possible local anti-inflammatory effects of inhaled AAT on the airways or the 

effect on exacerbations, have not yet been explored. 

We postulated that inhalation of nebulised alpha-1-antitrypsin could be an effective treatment in ZZ-

AATD patients with severe chronic obstructive pulmonary disease who are at particular risk for 

exacerbations and whose episodes are not adequately controlled with other inhaled medications.   

Methods 

Patients and study design 

The NCT01217671 study was a multicentre, double-blind randomised parallel group, 50 week 

placebo controlled trial, conducted at 12 sites. After ethical approval of the study by local Ethical 

Boards, informed consent was obtained from men and women above the age of 18 with a diagnosis 

of emphysema confirmed by computed tomography (CT) scan and documented severe alpha-1-

antitrypsin deficiency (ZZ or other rare genotypes with a serum level below 11 µM).  

The inclusion criteria included post-bronchodilator FEV1 < 80% predicted and FEV1/FVC < 70% [11], 

and a history of two or more moderate or severe exacerbations requiring a change in treatment 

(antibiotics, systemic steroids, and/or hospitalisation) over the previous 18 months. At least one 

episode was required to be within the 12 months prior to screening. Patients were allowed any 

relevant concomitant medications considered to be necessary to treat their condition. Exclusion 

criteria included immunoglobulin A deficiency, a history of life threatening allergy or anaphylactic 

reactions, previous or planned lung transplantation, and active smoking during the previous 12 

months. Following signed informed consent, all eligible patients were trained in the handling of the 

eFlow® inhalation device (PARI Pharma GmbH, Germany) and the use of an electronic diary (eDiary), 

the LogPad (PHT Corporation, Switzerland).   

Randomisation and treatment 

Eligible patients were randomised 1:1 to receive a twice daily inhalation of human plasma-derived 

AAT (80mg in 4 ml, high purity liquid ready to use in sterile, single-use glass vials) or 4 ml of 

phosphate buffered saline with similar appearance to the AAT. The randomisation was by a 

dedicated interactive voice response system (IVRS) prepared by inVentiv Health Clinical Ltd. and was 

stratified by site and by whether the patients were receiving concomitant AAT IV infusions (only 

German sites, constituting no more than 10% of the study population).  

Treatment began at the baseline/randomisation visit if patients had no exacerbation in the previous 

4 weeks and treatment continued for a period of 50 weeks. They continued regular bronchodilator 

therapy, which was administered prior to inhalation of the study drug. Patients were instructed to 

clean and disinfect the eFlow® inhalation device daily. Each nebulization session lasted for 

approximately 8 to 15 minutes. During the first year patient feedback of prolonged nebulization time 

was received, which was resolved by an improvement in the handling of AAT and nebulizer.  The 



 

mean proportion of vials used during the study was 92% in the AAT arm and 94% in the placebo arm. 

After the study end it was revealed that 2 patients randomised to placebo mistakenly received from 

the pharmacy department of the study site inhaled AAT (for 1.5 days and 6.5 days) and were 

analysed in the safety population as AAT treated.    

 Monitoring and treatment of COPD exacerbations 

The eDiary consisted of daily questions for the patient designed to evaluate any change in symptoms 

(breathlessness (dyspnoea), sputum volume, and colour), well-being, concomitant medications, and 

hospitalisations [12]. The diary card data were then automatically transmitted to a secure internet 

database via a transmission device. Patients were reminded to fill in the diary by a daily electronic 

signal. This daily update enabled close monitoring of the patient’s condition and identification of the 

start or end of an exacerbation of an increase in symptoms for at least 2 days with a return to 

normal for at least 2 days. Details of this monitoring method have been published previously [5]. As 

most study patients lived at long distance from the study centre, the treatment of exacerbation 

episodes was not prescribed by investigators but predominantly left to local medical practitioners. 

A dedicated committee, blinded to the treatment allocation, adjudicated all exacerbations by 

reconciling the eDiary data with the clinical database (treatment use for exacerbations and no other 

indications), and graded exacerbations from 1 to 3 according to the Anthonisen criteria [7]. A 

moderate event-based exacerbation was defined as symptom changes for at least 2 days requiring a 

course of treatment with antibiotics and/or oral corticosteroids, and a severe exacerbation as an 

episode with symptom changes for more than 2 days requiring hospitalisation. For patients taking 

routine antibiotics, any increase in the current dose of antibiotics or change of the type of antibiotics 

was deemed to indicate a moderate exacerbation.  

 

Additional study procedures are described in the supplementary material section. 

Statistical analysis 

 

The primary outcome, time to first moderate-severe exacerbation was analysed according to the 

Intent-to-Treat (ITT) principle by Log-Rank test for time to first moderate-severe exacerbation 

stratified by site. Sensitivity analysis for the primary outcome included subgroups of patients 

excluding outliers.  

 

The initial aim was to recruit 200 patients, based on the assumption that a clinically meaningful 

difference of 60% to 40% moderate or severe exacerbations (placebo and AAT groups, respectively) 

would require at least 92 events to provide 80% power for a 2-sided log-rank test for equality of 

survival curves at one year (a constant hazard ratio of 0.557). Following a blinded review of the 

number of exacerbation events during the study, the statistical requirement for 80% power to 

distinguish between the groups was reached after 168 patients had been randomised to study 



 

treatment. Sample size calculations indicated that enrolment could be ceased at that point without 

compromising the power of the primary endpoint. 

A summary table, Table 1, was generated with the number of patients, mean and standard deviation, 

median and range or frequency and percentage as appropriate. Imbalance between treatment 

groups was tested using ANOVA for continuous variables, and Fisher’s Exact test for categorical 

variables  

The FEV1 and related spirometry results were measured per protocol as safety parameters.   

For the AAT treatment group, any association of safety parameters (adverse events, suspected 

hypersensitivity, serious adverse events, and drug withdrawal) with AAT antibodies status was 

assessed using rates per 100-days, relative rates, and 95% confidence intervals.   

Two sided tests were used in this study and p values of less than 0.05 were deemed statistically 

significant in comparisons of efficacy and safety data. Statistical analyses were done with SAS 

software (version 9.2 or later).  

Results 

A total of 210 patients were screened, of whom 168 were randomised to receive either AAT for 

inhalation (85 patients) or placebo (83 patients). The Consort Diagram for the study is shown in 

Error! Reference source not found. and the demographics of the baseline population are shown in 

Table 1.   

Table 1: Demographic and Baseline Characteristics –ITT Population 

 Treatment Group  

 AAT  Placebo   

 (N = 85) (N = 83) P 

Age, years    

Mean ± SD 56·5 ± 9·9 54·4 ± 10·3 0·1942 

Median (range) 57 (36-78) 53 (37-80)  

Age ≥ 60 years, N (%)  38 (44·7%) 26 (31·3%) 0·0824 

Sex, N (%)    

Males 51 (60·0%) 49 (59·0%) 0·9999 

Females 34 (40·0%) 34 (41·0%) 0·9999 

BMI, kg/cm2    

0 Mean ± SD  25·8 ± 4·6 26·3 ± 5·5 0·5462 

Median (range) 24·8 (16·8-43·7) 25·6 (17·2-58·6)  

BMI < 20 kg/m2, N (%) 8 (9·4%) 4 (4·8%) 0·3702 

FEV1 (L)    

Mean ± SD  1·32 ± 0·49 1·33 ± 0·53 0·7307 

Median (range) 1·12 (0·54-2·87) 1·24 (0·52-3·48)   



 

 Treatment Group  

 AAT  Placebo   

 (N = 85) (N = 83) P 

FEV1 (% of predicted)    

Mean ± SD  42·8 ± 14·8 41·8 ± 14·7 0·6617 

Median (range) 39·0 (24·0-78·0) 39·0 (20·0-89·0)  

FEV1 group by GOLD 

I+II (FEV1>50%) 

III+IV (FEV1≤50%) 

 

22 (25.9%) 

63 (74.1%) 

 

13 (15.7%) 

70 (84.3%) 

0.1290a 

DLCO ** (%predicted) 
****predicted) *** 

   

Mean ± SD  50·2 ± 18·0 52·9 ± 19·8  0·3633 

Median (range) 49·6 (12·9 – 135·9) 52·7 (14·9 – 109·6)  

N (%) patients with at 

least 2 exacerbations in 

the 12 months prior to 

randomization 

64 (75·3) 63 (75·9) 1·0000a 

SGRQ Total Score N = 83  N = 80   

Mean ± SD 50·2 ± 15·0 53·5 ± 14·5 0·1594 

Median (range) 48·6 (13·9-90·3) 54·3 (19·2-86·4)  

SGRQ Impact Domain 

Score 

N = 85  N = 81   

Mean ± SD 37·3 ± 17·3 41·2 ± 16·7 0·1401 

Median (range) 34·8 (1·6-83·7) 40·9 (6·7-80·9)  

SGRQ Activity Domain 

Score 

N = 84  N = 82   

Mean ± SD 72·4 ± 17·7 75·4± 17·3 0·2706 

Median (range) 73·0 (18·5-100·0) 79·2 (17·4-100·0)  

SGRQ Symptoms 

Domain Score 

N = 84  N = 83   

Mean ± SD 49·8 ± 18·8 52·2± 21·2 0·4324 

Median (range) 50·3 (2·6-100·0) 51·7 (0·0-97·6)  

IV AAT treated Patients * 6 (7·1%) 6 (7·2%) 0·9999 

Concomitant Medication    

Long Acting Muscarinic 

Antagonist (LAMA) 

74 (87%) 69 (83%) 0·5208 

0· LABA + ICS 69 (81%) 69 (83%) 0·8411 

Antibiotic Prophylaxis 7 (8·2%) 8 (9·6%) 0·7925
a
 

Oxygen users at study 

entry, N (%) 
9 (10·6%) 6 (7·2%) 0·5903

a
 

Data are summarised as number and percent of group or mean and SD/median and interquartile ranges as 

indicated. The p values indicate the likelihood of any difference between the 2 groups at baseline. BMI = body 

mass index, SD = standard deviation.  

*Only in German sites, patients were treated by IV AAT combined with Inhaled AAT/placebo .  

** DLCO corrected for hemoglobulin and normalised to healthy subjects [13] 

 a Two-tailed p value calculated by Fisher’s exact test 

Exacerbations– The primary endpoint of the analysis, time to first moderate/severe exacerbation 

(event based definition), was not different between the AAT and the placebo group: median 112 



 

days (IQR 40, 211) and median 140 days (IQR 72, 142), p = 0·0952, respectively (Figure 2). There 

were 2 severe exacerbations both in the AAT and in the placebo group. 

After a sensitivity analysis that focused on a less morbid subgroup (without those of age≥ 60, 

BMI< 20, and/or oxygen use, see Table 1), the median and IQR of the time to first moderate/severe 

exacerbation was 112 (IQR 72, 146) and 126 days (IQR 68, 194) for the AAT and placebo groups, 

respectively (p = 0·1785). Analysis of event-based exacerbations (mild/moderate/severe) per patient 

during the study period revealed 2.26 ± 2.19 (mean ± SD) exacerbations in the AAT-treated 

population and 2.35 ± 2.38 in the placebo-treated population (details are shown in Table S1-S2 in the 

supplementary material). The mean yearly rate of exacerbations in the AAT and placebo group was 

3.12 and 2.67 (p = 0.312), respectively. 

Despite the lack of difference in time to exacerbation, patients treated with AAT had a lower 

proportion of first symptom-based exacerbation categorised as Anthonisen’s Type I (3 symptoms 

worsening, Table 2), 18·8% of AAT and 31·3% of placebo patients respectively, (p = 0·06). In parallel, 

AAT patients had a higher proportion of Type II episodes (2 symptoms worsening), with 27·1% of 

AAT and 14·5% of placebo patients (p = 0·04).  

 Table 2: Severity of the First Symptom-Based Exacerbation 

Severity of the First Exacerbation by Anthonisen 

Type 

AAT 

N=85 

Placebo 

N=83 

ALL Treated 

Exacerbations 

(Event based) 

ALL Treated 

Exacerbations 

(Event based) 

None 12 (14.1%) - 12 (14.5%) - 

All Type III (1 symptom deteriorated) 34 (40.0%) 10 (29.4%) 33 (39.8%) 11 (33.3%) 

Dyspnoea 

Sputum volume 

Sputum colour 

25 (73.5%) 

3 (8.8%) 

6 (17.6%) 

8 (80.0%) 

1 (10.0%) 

1 (10.0%) 

27 (81.8%) 

5 (15.2%) 

1 (3.0%) 

10 (90.9%) 

1 (9.1%) 

0 (0.0%) 

All Type II (2 symptoms deteriorated)   23 (27.1%) 12 (52.2%) 12 (14.5%) 4 (33.3%) 

Dyspnoea + Sputum volume 

Dyspnoea + Sputum colour 

Sputum volume + Sputum colour 

6 (26.1%) 

11 (47.8%) 

6 (26.1%) 

5 (41.7%) 

6 (50.0%) 

1 (8.3%) 

2 (16.7%) 

4 (33.3%) 

6 (50.0%) 

1 (25.0%) 

2 (50.0%) 

1 (25.0%) 

Type I (all 3 major symptoms deteriorated) 16 (18.8%) 13 (81.3%) 26 (31.3%) 20 (76.9%) 

 

The percentages in the Table are calculated as explained by examples on how to read the Table. For 

example, in the AAT group, (n = 85), 12 patients had no exacerbation, 12/85 = 14.1%. In the 27 

patients who had change in Dyspnoea in the placebo group of 33 patients with a type III first 

exacerbation, 27/33 = 81.8%. 

Table 2 also shows that for any type of first exacerbation defined by Anthonisen criteria and any 

combination of symptoms deteriorating, the number of exacerbations treated with a course of oral 

steroids and/or antibiotics (shown both in the AAT and placebo group) is lower. For example, there 



 

were 25 patients in the AAT group with a first type III exacerbation of whom only 8 were treated 

(32%), while 10 of 27 in the placebo group (37%). Also remarkable was that 6 patients (23%) in the 

placebo group were not treated for a type I exacerbation (3 symptoms deteriorating for more than 2 

days) and 3 patients (18%) in the AAT group. The event counts and rates of event-based 

exacerbations during the 50 weeks of study are given in the supplementary material, Table S2.  

Adverse events –A higher proportion of patients in the AAT treatment group reported treatment-

related TEAEs (Treatment Emergent Adverse Events) compared to placebo (57·5% vs. 46·9%, 

respectively), and 6·9% of patients in the AAT treatment group reported treatment-related SAEs, 

compared to none in the placebo group. Of note, symptoms that classify as Anthonisen criteria were 

also reported as TEAEs.  Fifteen patients receiving AAT (17·2%) reported TEAEs that led to treatment 

discontinuation, compared to 6 (7.4%) of patients in the placebo group. Further details about 

hospitalisations and systemic use of antibiotics and steroids is given in the supplementary material. 

The most prevalent TEAEs are listed in Table 3 . The most common TEAEs in both arms were 

dyspnoea and cough, which had similar rates in the two treatment groups.  

It was demonstrated that safety events were related to severity of the disease. Patients with less 

severe disease (FEV1 > 50% and SGRQ score < 50) had a comparable profile to the same type of 

patients in the placebo group.  

After the first year, when the handling of the nebulizer and drug was improved, the rate per 100 

days of safety events in the AAT treated group dropped significantly (from 0.29 to 0.11 withdrawals, 

0.27 to 0.15 SAEs and 0.81 to 0.64  exacerbations) becoming similar to that of the placebo group. 

Moderate exacerbations were balanced between AAT and placebo throughout the study, and 

exhibited clear seasonality effect. Withdrawals were imbalanced in favour of placebo,  with lower 

rate per year after the first year (see Figure S4). 

One 71 year old patient in the AAT treatment group died during the treatment period, although this 

was not considered to be related to study drug (arterial haemorrhage after 190 days of study). No 

deaths during the treatment period were reported in the placebo group.  

Lung function was initially captured in the clinical protocol under safety evaluation, as it was not 

thought powered to detect an efficacy signal, due to the small sample size and a relatively short 

duration of the study. At week 50 of the study, 53 AAT-treated patients had a mean FEV1 of 1.37 L 

(95% CI 1.47; 1.29 L), while 68 placebo-treated patients had a mean FEV1 of 1.31 L (95% CI 1.37; 

1.28), p = 0.08. Additional post hoc analyses of lung function results are presented in the 

supplementary material, Table S4 and Figures S1-S3. 



 

Table 3: Reported TEAEs and exposure adjusted incidence rates organised by selected system organ classifications (SOC). 
Only events or SOC with ≥ 10% incidence in at least one of the treatment groups are shown.  

 Treatment Group 

 AAT (n = 87) Placebo (n = 81) 

 Patients Events Patients Events 

Any TEAE 86 (98·9%) 726 (43.22) 78 (96·3%) 615 (32.49) 

Respiratory, Thoracic and 

Mediastinal Disorders 
79 (90·8%) 309 (18.40) 64 (79·0%) 101 (14.93) 

Chronic obstructive pulmonary disease 43 (49·4%) 96 (5.73) 38 (46·9%) 84 (4.45) 

Dyspnoea 40 (46·0%) 77 (4.60) 39 (48·1%) 74 (3.91) 

Cough 17 (19·5%) 24 (1.42) 16 (19·8%) 20 (1.06) 

Productive cough 14 (16·1%) 21 (1.24) 8 (9·9%) 13 (0.69) 

Nasopharyngitis 12 (13·8%) 17 (1.02) 12 (14·8%) 14 (0.73) 

Oropharyngeal pain 10 (11·5%) 13 (0.77) 5 (6·2%) 7 (0.37) 

Sputum discoloured 9 (10·3%) 11 (0.66) 2 (2·5%) 2 (0.11) 

Infections and Infestations 65 (74·7%) 180 (10.73) 54 (66·7%) 154 (8.14) 

Lower respiratory tract infection 18 (20·7%) 48 (2.85) 14 (17·3%) 33 (1.75) 

Upper respiratory tract infection 8 (9·2%) 12 (0.73) 9 (11·1%) 13 (0.69) 

Gastrointestinal Disorders 32 (36·8%) 53 (3.14) 26 (32·1%) 47 (2.48) 

Nausea 10 (11·5%) 14 (0.84) 5 (6·2%) 6 (0.33) 

Diarrhoea 8 (9·2%) 10 (0.58) 10 (12·3%) 12 (0.62) 

General Disorders and 

Administration Site Conditions 
23 (26·4%) 53 (3.14) 26 (32·1%) 47 (2.48) 

Fatigue 9 (10·3%) 16 (0.95) 9 (11·1%) 10 (0.51) 

Musculoskeletal and Connective 

Tissue Disorders 
21 (24·1%) 29 (1.72) 23 (28·4%) 33 (1.75) 

Skin and Subcutaneous Tissue 

Disorders 
17 (19·5%) 22 (1.31) 11 (13·6%) 11 (0.58) 

Nervous System Disorders 15 (17·2%) 22 (1.31) 12 (14·8%) 17 (0.91) 

Headache 9 (10·3%) 12 (0.73) 10 (12·3%) 13 (0.69) 

A patient with more than one specific TEAE is counted once for that class. Data are n (%) or n (incidence rate 

per 100 days). The incidence rate is based on exposures of 61·32 AAT patient years and 69·10 placebo patient 

years. Figures in parentheses are % of group for categorical data and SD for continuous data.  

Immunogenicity - Sixty-three percent of the patients in the inhaled AAT treatment group developed 

Anti-Drug Antibodies (ADAs) with no observed impact on safety or the plasma concentration of AAT 

(data not shown). The majority of the patients (90%) had a titre below 1:32, and in most cases titres 
declined over time (1 year of treatment). There were no classical anaphylactic or hypersensitivity 

events recorded. Within the AAT treated group, if anything, the ADA+ versus the ADA- patients had a 

lower event rate of withdrawals, SAEs, and suspected hypersensitivity (Table 4 ). 



 

Table 4: Rates of Adverse Events with Relation to Antibodies to ADA 

 

Rate per 100 days 

 
ADA+ ADA- 

Adverse Event N Rate N Rate 

All AEs  48 3.26 28 6.40 

Leading to Discontinuation 48 0.12 28 0.90 

Suspected HS  48 0.11 28 0.28 

Serious AE 48 0.11 28 0.36 

Related 48 0.65 28 2.44 

All Respiratory TEAEs 48 1.56 28 2.71 

All Exacerbations 48 0.78 28 1.11 

Discussion 

This is the first randomised placebo-controlled clinical trial to study the effects of inhaled AAT in ZZ-

AATD COPD patients with a high risk for exacerbations. In this study population, AAT inhalation did 

not prolong the time to the first exacerbation after randomisation, nor to the second or third.    

Inhalation of AAT represents an alternative to the IV route, offering the opportunity of easier and 

more efficient delivery of AAT directly to the lungs, enriching the lung epithelial lining fluid (ELF) with 

AAT levels at least 3 times higher than those achieved by IV administration [14, 15]. This would 

enhance the local antiprotease action of AAT, as well as having a potential direct effect upon 

inflammation through inhibition of proteinase driven events, [16, 17] and binding to 

proinflammatory cytokines [18]. The rationale for the dose of AAT in the present study is based on 

studies showing that inhalation of twice daily doses of 100 mg AAT can increase ELF AAT levels from 

0·28 μM to 5·86 μM [15]. It is assumed that in line with these results, a daily inhaled dose of 160 mg 

of AAT would increase the AAT in the ELF to approximately 4·4 μM, which is above the threshold of 

1·7 μM, estimated to be protective in non-AAT deficient patients and similar to the values (2-5 μM) 

seen in healthy volunteers [19].  

Fewer symptoms were observed in the first exacerbation. The nature of the exacerbation changed 

with AAT treatment, which suggests that AAT might influence the incidence or severity of dyspnoea, 

which is the cardinal exacerbation symptom in this patient cohort [7]. Dyspnoea is perceived by 

patients as a significant factor in their condition as it worsens and conversely, a decrease of 

dyspnoea is perceived as beneficial [6]. The interpretation of the cause, and implications of this 

observed symptom change during exacerbations, needs to be confirmed by a more focussed study. 

The data in Table 2 reveal that not all changes in symptoms (as part of the Anthonisen criteria and 

which classified as a symptom-based exacerbation) resulted in treatment by a course of antibiotics 

or oral steroids, to turn the episode from symptom-based into an event-based moderate 

exacerbation. In part, this may have been related to the protocol design which instructed that the 

start of treatment of a moderate to severe exacerbation was predominantly left to local medical 

practitioners or left to patients who possessed a rescue package prescribed by the local physicians 

(either GP’s or consultant physicians in the local clinic) in case patient felt that treatment was 

needed.  



 

On the other hand, it is possible that daily electronic prompting to notify about change of respiratory 

symptoms the previous 24 hours may have had an effect on the patterns seen in our study 

compared with other studies. However, the patients included in the trial had to have a history of 

frequent exacerbations as an entry criteria. Previously, also [12] reported by using the same Bronko 

test as used in our study, that patients with AATD-related COPD had many untreated exacerbations. 

This suggests that over-reporting is not an issue and the prompting of patients to report about their 

symptoms when they had not reported before 11 am that day more likely highlights the real pattern 

of change of individual symptoms. Indeed, Table 2 shows that many of the first exacerbations, 

classified by Anthonisen criteria, were not treated by oral steroids or antibiotics.  

The use of the electronic diary has highlighted several features previously unrecorded. The real-time 

data collection provides an opportunity (but outside the scope of this manuscript) to show that a 

course of respiratory symptoms in our study population changes in many ways. This has implications 

for patient management. First, if respiratory symptoms recorded as baseline during a run-in period 

of the study become persistently lower following a treated exacerbation while patient is on study 

medication, does this imply that the baseline symptoms recorded at run-in has to be reset? Second, 

does an exacerbation of symptoms with high scores in the Bronko test which do not return to scores 

at baseline indicate an inadequate typed exacerbation or inadequate length of therapy or a 

progression of disease features? Both scenarios are rarely considered in the long-term management 

of AATD-related COPD.  

Serum antibody development of ADAs occurred in 63% of participants treated with inhaled AAT. The 

clinical relevance of these antibodies is however unclear. Firstly, there was no association with 

reported adverse events or withdrawals rate. Secondly, it has been reported that very sensitive anti-

drug-antibody (ADA) assays, such as those used in the present study, may contribute to the high ADA 

incidence detected [20]. Furthermore the titres fell with time indicating that the seropositivity was 

not a cumulative phenomenon.  

The safety profile was also influenced by a slight imbalance between treatment groups in terms of 

higher baseline age and disease severity in the AAT treated group (Table 1). Although a placebo was 

necessary for the study it remains possible that nebulized placebo (saline + phosphate)  itself could 

have had an impact on symptoms. It should be noted that the safety profile of the two groups 

became similar after the first year of the study, once improvements in device  handling had been 

made to the nebulization process which resolved patients complains about long nebulization time.  

The RAPID study also reported a higher annual rate of SAEs and exacerbations in the AAT than in the 

placebo group (57 vs 45 and 1.7 vs 1.4, respectively) [10]. In respiratory disease, one of the most 

common negative reactions to inhaled drugs is a reduction in lung function. This reduction is often 

related to potential immunogenicity reactions and hyperreactivity reactions and/or bronchospasm. 

In our study, however, the AAT group did not experience a reduction in lung function at the end of 

the study, which decreases the possibility that they may have experienced any hyperreactivity 

reaction. Unexpectedly, the rapid increase in FEV1 after 4 weeks of inhaled AAT and the decline of 

FEV1 4 weeks after stopping AAT inhalation as shown in figure S1 and S3 suggest that AAT inhalation 

exerts an early anti-inflammatory effect on the airways. The reason for divergence of change in FEV1 

and the level of airflow obstruction between treatment arms is currently unknown and warrants a 

new study with decline in FEV1 as the primary outcome parameter.  



 

There are several potential limitations to the study. At the time the study was designed and the 

primary endpoint of time to first moderate and severe exacerbation was chosen, the phenotype of 

frequent exacerbators was not yet defined. It might be that in this patient population, a 1 year study 

is too short to observe a change in the rate of exacerbation. As published later on by Hurst et al, 2/3 

of COPD patients without AATD who have this phenotype continue to suffer from frequent 

exacerbations for 3 years [21] suggesting that a 2-3 year study may be more appropriate in AATD.  

We conclude that in AATD patients with severe COPD and frequent exacerbations, AAT inhalation 

had no effect on the time to first exacerbation during treatment for 50 weeks. After improvements 

were made to the handling of the AAT and nebulizer, the safety profile was similar between groups 

and resembled the rates previously reported in intravenous AAT studies.  
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Supplementary Material 

Study procedures: 

Treatment began at the baseline/randomisation visit and continued for a period of 50 

weeks. During this period, either AAT inhalation 80 mg in phosphate buffered saline, or 

0·9% saline (placebo), was administered by eFlow® twice daily (i.e., a total daily dose of 

160 mg of AAT or an equivalent volume of placebo, which was identical to the study 

drug but without AAT). Each session lasted for approximately 8 to 15 minutes. If the 

patient was receiving regular bronchodilator therapy, this was administered prior to 

inhalation of the study drug. Both the AAT and placebo were supplied in sterile, single-

use glass vials containing 4 mL of a ready-to-use solution. 

Study patients were allowed free use of concomitant medications for the treatment of the 

underlying disease, including antibiotics and steroids (inhaled and systemic), as well as 

any additional therapy approved by the principal investigator of the study site. 

The eDiary consisted of daily questions for the patient designed to evaluate, among other 

parameters, change in concomitant medications, breathlessness (dyspnoea), sputum 

volume and colour, and well-being. The completed daily data were then automatically 

transmitted to a secure internet database via a transmission device. Scoring of Anthonisen 

symptoms in the electronic diary is that of the manual Bronkotest (Middlesex, UK). 

Dyspnea was scored on a 4-point scale (2= normal or usual for me, 3= worse than usual, 

4= much worse than usual, and 1= better than usual), daily sputum volume was scored as 

none =(0), 1= (up to a teaspoonful), 2= (up to a tablespoonful),3= (up to an egg-cupful), 

4= (more than an egg-cupful), and sputum color was assessed using the Bronkotest color 

chart (1–2 being mucoid and 3, 4, and 5 being increasing purulence). The daily diary 

printout was initially reviewed independently by two physicians (RAS and PF), and 

where any differences were observed the episode was reviewed jointly to obtain a 

consensus. Exacerbations were identified when one or more major Anthonisen criteria 

(AT) deteriorated from a baseline period of stability for more than 2 consecutive days. 

The method for identifying the start and end of exacerbations was as those published by 



 

(Vijayasaratha and Stockley 2008). In addition, the duration of deterioration for each AT 

symptom from the patient’s baseline or “usual” state during the exacerbation period was 

noted. Symptoms relapsing within 7 days of a previously identified exacerbation were 

judged to be part of the same exacerbation event. 

Pulmonary function tests (PFTs) were performed at the screening visit (baseline), and 

then at weeks 2, 4, 20, and 50, as well as at termination (week 54), or at the time of early 

discontinuation if possible. Post bronchodilator FEV1 and slow vital capacity (SVC) were 

measured by trained technicians with the patient in a sitting position, in compliance with 

the current ATS/ERS recommendations, and the highest value from three consecutive 

measurements was recorded in the CRF.  

Serum samples obtained at baseline and weeks 2, 4, 20, 50, and 54, were analysed using a 

validated semi-quantitative electrochemiluminescence (ECL) bridging assay for the 

detection of AAT-reactive IgG antibodies (Charles River Laboratories Preclinical 

Services, Montreal, Canada) according to the guidelines. Briefly, serum IgG was purified 

on a Protein G spin column and then incubated with AAT conjugated to Ruthenium to 

permit formation of anti-drug antibodies (ADAs). The mixture was then added to ECL 

plates preincubated with AAT conjugated to biotin. Any ADAs cross-link to the 

ruthenium and biotin  can be detected by ECL.  

Outcomes 

The primary outcome defined for the study was time from randomisation to the first 

moderate or severe event-based exacerbation. A moderate event-based exacerbation was 

defined as requiring a course of treatment with antibiotics and/or systemic corticosteroids 

and a severe exacerbation as an episode requiring hospitalisation. For patients taking 

routine antibiotics, any increase in the current dose of antibiotics or change of the type of 

antibiotics was deemed to indicate a moderate exacerbation.   

The time to first moderate/severe and mild/moderate/severe exacerbation was derived 

from the patient’s eDiary and updated after a blind review by two experts in the field 

(RAS and PF). The definition of a mild exacerbation was defined as requiring increased 

doses of inhaled long-acting β2 adrenergic agonist or inhaled dose of corticosteroids. 

They reconciled the eDiary data with the concomitant medications and reports of 

treatment emergent adverse events (TEAEs) in order to determine the start date and 

severity of the symptom-based exacerbation. Any course of treatment without an 

associated symptom change was deemed not to have been a true exacerbation. 

Statistical analysis of spirometry (dropouts) 

Multiple imputations were used to analyse the effect of study dropouts. In multiple 

imputations, a missing data value is imputed multiple times to account for the uncertainty 

in the imputed values, to generate multiple complete data sets which are then analysed 



 

according to the original method, and the results of analysis are combined to generate a 

single p-value. Imputations can be done in different ways, to represent different 

assumptions.  

For example, under the Missing at Random (MAR) assumption, missing data are imputed 

based on the observed data according to the assigned arm, namely, missing data for 

placebo patients are imputed based on observed values for placebo patients and missing 

data for AAT patients are imputed based on observed values for AAT patients. There are 

different ways to implement multiple imputations under the Missing-Not-At-Random 

(MNAR) assumption. A conservative way is the Jump-to-Reference, which assumes that 

the effect of the drug is lost once a patient terminated the study and hence all missing 

data, regardless of the assigned arm, is imputed according to observed data of the placebo 

group. If the different analysis gives consistent results in terms of trends then the results 

are robust for missing data 

Patients who were excluded from analysis had no FEV1 measurement after 

randomization. Using an imputation method would actually increase the difference 

between the groups.  

 

Safety outcomes 

Adverse events were recorded according to GCP. An external Data Safety Monitoring 

Board was established to supervise the study through periodic reviews of blinded patient 

data. Members of the board included physicians with expertise in respiratory indications, 

specifically in AATD and clinical trials in the target population, as well as a 

biostatistician with expertise in clinical development. In addition, an analysis of AE 

relative rates was performed in order to evaluate whether the presence of ADAs was 

related to TEAEs. The FEV1 and related spirometry results were measured per protocol 

as safety parameters.and were analysed post-hoc on the ITT population as efficacy 

endpoints under the assumption of missing-at-random. FEV1 (ml) change from baseline 

at week 2, week 4, week 20, and week 50 were analysed using Mixed Model of Repeated 

Measures (MMRM), comparing the least squares means for the changes from baseline to 

week 50 and the overall effect between the two treatment groups with an unstructured 

covariance matrix. The treatment effect was adjusted for visit and the interaction between 

treatment and visit with the following parameters: FEV1 at baseline, age, oxygen use, 

BMI, and SGRQ at baseline. Advanced statistical methods were used to address the 

robustness of the FEV1 results in light of the high dropout rate, including a conservative 

analysis which assumes that all dropouts (regardless of treatment group) behave like 

placebo after withdrawal (Jump-to-Reference) (Molenberghs and Kenward 2007).  



 

Results: 

Table S1 and S2 summarizes the number and rate of event-based exacerbations. Severe 

exacerbations were relatively infrequent, and there were few patients in either group who 

experienced a severe exacerbation. The number of patients with mild and moderate 

exacerbations and the rate of events were similar between the two arms of the study. 

There were 14 event-based exacerbations in 13 AAT treated patients (15.3% of the ITT 

population) and 9 events in 6 placebo patients (7.4% of the ITT population). The first 

exacerbation in the study was severe in 7 AAT patients (8.2% of the ITT population) but 

none of the severe event-based exacerbations recorded by the placebo patients was the 

first event. After the first event, the number of severe event-based exacerbations was 

similar: there were 7 severe event-based exacerbations recorded in 6 AAT treated patients 

and 9 exacerbations in 6 placebo treated patients. Details are shown in Table S2. As can 

be seen in Table S3, dyspnoea contributed to the majority of symptom-based 

exacerbations. This is the most frequent cardinal symptom experienced during the first 

symptom-based exacerbation. Moreover, dyspnoea was the main symptom that led the 

exacerbation to be treated, as can be seen in the type II and III exacerbations.  

 

Table S1: Time to First Moderate/Severe Event-Based Exacerbation  

Time to First Moderate/Severe 

Event-Based Exacerbation 

(days) 

Intention to treat  

Population 

Per protocol 

Population 

AAT 

N = 85 

Placebo 

N = 83 

AAT 

N = 68 

Placebo 

N = 69 

N (%) 63 (74.1) 
60 (72.2) 59 (79.4) 51 (73.9) 

Mean (SD) 103.8 (86.9) 
113.0 (84.2) 100.7 (82.5) 119.8 (84.6) 

Median (min, max) 83 (8, 332) 
100 (10, 367) 79.5 (8, 318) 104 (10, 367) 

Kaplan-Meier Estimates 

25
th

 , 75
th

 percentile 40, 211 57, 282 38, 180 63, 282 

Median (95% CI) 112 (76, 142) 
140 (104, 174) 109 (72, 142) 140 (104, 191) 

# Censored Observations 22 23 14 18 

P value from Log Rank 

comparison between treatments 

adjusted for country 

0.0952 0.0693 

 



 

 

Table S2: Exacerbations experienced during the study 

Severity of Event Based 

Exacerbations 

Number of Exacerbations per Patient Yearly Rate (Mean) 

p value calculated using the 

pooled method 
AAT Placebo 

N Mean SD Min Median Max N Mean SD Min Median Max AAT Placebo p-value 

Mild 85 0·48 1·18 0 0 7 83 0·54 1·31 0 0 9 0·66 0·60 0·797  

Moderate 85 1·61 1·75 0 1 8 83 1·70 1·61 0 1 7 2·08 1·95 0·706 

Severe 85 0·16 0·40 0 0 2 83 0·11 0·41 0 0 2 0·38 0·11 0·045  

Moderate/Severe 85 1·78 1·78 0 1 8 83 1·81 1·74 0 1 7 2·46 2·06 0·281 

Mild/Moderate/Severe 85 2·26 2·19 0 2 9 83 2·35 2·38 0 2 11 3·12 2·67 0·312 

 

Table S3: Severity of the First Symptom-Based Exacerbation 

Severity of the First Exacerbation by Anthonisen 

Type 

AAT 

N=85 

Placebo 

N=83 

ALL Treated 

Exacerbations 

(Event based) 

ALL Treated 

Exacerbations 

(Event based) 

None 12 (14.1%) - 12 (14.5%) - 

All Type III (1 symptom deteriorated) 34 (40.0%) 10 (29.4%) 33 (39.8%) 11 (33.3%) 

Dyspnoea 

Sputum volume 

Sputum colour 

25 (73.5%) 

3 (8.8%) 

6 (17.6%) 

8 (80.0%) 

1 (10.0%) 

1 (10.0%) 

27 (81.8%) 

5 (15.2%) 

1 (3.0%) 

10 (90.9%) 

1 (9.1%) 

0 (0.0%) 

All Type II (2 symptoms deteriorated)   23 (27.1%) 12 (52.2%) 12 (14.5%) 4 (33.3%) 

Dyspnoea + Sputum volume 

Dyspnoea + Sputum colour 

Sputum volume + Sputum colour 

6 (26.1%) 

11 (47.8%) 

6 (26.1%) 

5 (41.7%) 

6 (50.0%) 

1 (8.3%) 

2 (16.7%) 

4 (33.3%) 

6 (50.0%) 

1 (25.0%) 

2 (50.0%) 

1 (25.0%) 

Type I (all 3 major symptoms deteriorated) 16 (18.8%) 13 (81.3%) 26 (31.3%) 20 (76.9%) 

 The percentages in the Table are calculated and explained  by examples on how to read the 

Table. For example, in the AAT group, (n = 85), 12 patients had no exacerbation, 12/85 = 14.1%. 

In the 27 patients who had change in Dyspnoea in the placebo group of 33 patients with a type III 

first exacerbation, 27/33 = 81.8 

 



 

Spirometry outcome 

Post hoc analysis of FEV1 and FEV1/SVC results demonstrated that patients inhaling AAT had an 

improvement of lung function (Table S4 and Figure S1). The decrease in FEV1 from baseline to 

the study end tended to be less in the AAT group. By taking into account FEV1 measured at all 

time points, MMRM analysis showed an overall effect of +18·6 ml FEV1 (CI 95% -8.2, 45.4) for 

the AAT group and –29·4 ml (CI 95% -55.3, -3.5) for the placebo group by the end of the study, 

representing a 48·0 ml difference over 50 weeks, (p = 0·0124). A similar statistically significant 

difference in the AAT-treated patients was observed regardless of the imputation method used to 

deal with missing data (detailed above in the section statistical analysis of spirometry). At the 

study termination visit, 4 weeks after last dose, the FEV1 in both groups had declined further 

(Figure S1), but the AAT group maintained a difference of 40 ml compared to placebo.  

 

Table S4: MMRM Analysis of Lung Function – All Covariates*, Without Early 

Termination Visit Data (ITT Population **) 

 

Lung Function 

Change from Baseline to Week 50 Overall treatment effect P-Value 

(Mixed 

Linear 

Model - 

Overall 

Treatment 

Effect) 

Least Squares Mean (95% CI) 
 Least Squares Mean (95% 

CI) 

AAT Placebo  AAT Placebo 

(N = 85)** (N = 83)** P-Value (N = 85)** (N = 83)** 

FEV1 (ml)** 
-8·8 

(-52·8, 35·1) 

-63·6 

(-103·5, -23·7) 
0·0704 

18·6 

(-8·2, 45·4)  

-29·4 

(-55·3, -3·5) 
0·0124 

FEV1 percent 

of predicted 

value (%) 

-0·05 

(-1·39, 1·28) 

-1·66 

(-2·87, -0·45) 
0·0796 

0·65 

(-0·24, 1·54)  

-0·70 

(-1·57, 0·16) 
0·0339 

FEV1 / SVC 

ratio 

0·67 

(-0·32, 1·66) 

-1·11 

(-1·99, -0·23) 
0·0092 

0·73 

(-0·04, 1·51)  

-0·95 

(-1·70, -0·21) 
0·0025 

DLco (%) 
-3·09 

(-4·90, -1·28) 

-3·35 

(-5·01, -1·70) 
0·8335 

-2·27 

(-3·60, -0·93)  

-1·70 

(-3·01, -0·39) 
0·5527 

* All covariates are visit and the interaction between treatment and visit with the following parameters: 

FEV1 at baseline, age, oxygen use, BMI, and SGRQ at baseline. 

** Patients with no FEV1 measurement after baseline visit (6 patients in AAT and 2 in Placebo arms) did 

not contribute to the model.   



 

Figure S1: FEV1 (ml) mean changes from baseline up to week 54 (4 weeks after last 

dose) is shown for both groups. Data at each time point is shown as 

mean +/- SD 
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* Significant difference between the treatment arms in week 2 by MMRM. p = 0.0461 

Several missing data imputation methods were applied to the post hoc analysis data, 

including worst case scenario models (Figure S2). It is important to note that J2R 

imputation provides a worst-case scenario for withdrawn subjects in the AAT treatment 

group because it considers the unrealistic assumption that the therapeutic effect of AAT 

ceases immediately, and therefore “dilutes” the clinical effect of the treatment. Even in 

this scenario, the overall effect was still close to significance (p = 0.0871), as shown in  

Figure S2 . The J2R imputation is the most conservative approach for the handling of 

data that satisfy the assumption of missing not at random.   

 



 

Figure S2: Comparison of FEV1 analysis with imputation methods 

 

Adjusted for baseline FEV1 value, age, country, BMI, SGRQ total score and oxygen use, MMRM: Mixed 

Models for Repeated Measures; MI: Multiple Imputations; MAR: Missing at Random; MNAR: Missing 

Not at Random; J2R: Jump to Reference 

 

 

 

Figure S3 presents the results from the post hoc analysis for FEV1 without the data for the 

first four weeks where there was a “hockey stick effect” in the FEV1 of patients in the 

AAT treated group. It should be noted that there are only two post baseline values 

available; at Week 16 post 4 weeks (study week 20) and Week 46 post the 4 week 

baseline (study week 50). The MMRM was run with the change from “the average 

baseline value” at Week 16 and Week 46 and the following covariates; age, country, 

BMI, SGRQ total score, oxygen use, FEV1 baseline value (defined above), visit, 

treatment group, and a visit by treatment group interaction term. 



 

Figure S3: Spirometry: MMRM, FEV1 (L) With Covariates*, Week 0-4 Mean As 

Baseline, Without Early Discontinuation Visit (ITT Population) 

 
 Adjusted for *Covariates: baseline value, age, country, BMI, SGRQ total score and oxygen use  

 

 

 



 

Table S4: Health Statistics of the ITT population 

 AAT  

N = 85 

Placebo  

N = 83 
Number of days hospitalized   

Number of patients  22 12 

Mean ± SD  7·7 ± 1·35 7·1 ± 1·34 

Median (min-max) 5·5 (4-9) 5 (2·5-8) 

Number of days used systemic steroids (≥ 10 days)*   

Number of patients 26 22 

Mean days of steroid use  ± SD  13.8 ± 6.3 32.4 ± 57.2 

Median (min-max) 12 (10-51) 14 (10-294) 

Number of days used systemic antibiotics (≥10 days)   

Number of patients 54 44 

Mean days of antibiotic use ± SD  14·6 ± 10.7 17.6 ± 37.5 

Median (min-max) 12 (8-100) 11 (10-349) 

 

Table S4 shows that the mean number of hospitalization days during the study was  

similar  in the AAT arm compared to Placebo (7.7 days vs. 7.1 days, respectively). 

However both the mean number of systemic steroid usage days and the mean number of 

days of antibiotic use were lower in the AAT group than the placebo group though not 

statistically different (13.8 vs·32.4 and 14.6 vs 17.6 days, respectively, p > 0.05 ).  

The usage of systemic corticosteroids was calculated only for periods where the drugs 

were taken for 10 days or more. It should be noted that the minimum period for antibiotic 

use was only 8 days because the patient started on a course of antibiotics 2 days before 

the start of the study . 

 

We reanalyzed the safety data of the RCT using a subgroup analysis which compared 

safety results between "Less Severe" (LS) and "More Severe" (MS) obstructive lung 

disease sub-populations. Randomization is considered to be lost in such analyses, but the 

demographics of the subgroups do not suggest any large imbalance. Patients were 

grouped into the LS or MS subgroups based on the severity of airflow limitation at 

baseline and symptom load. According to the GOLD criteria (Vogelmeier, Criner et al. 

2017), FEV150% of predicted is the level that differentiates between severe and moderate 



 

airflow limitation. Our patients were symptomatic, and per that definition most of them 

had Saint George Respiratory Questionnaire (SGRQ) scores of >25 at baseline. A cutoff 

of 50 was chosen to subdivide symptomatic and highly symptomatic patients as this was 

the approximate median value of all patients in our study. In summary, the LS subgroup 

was defined as FEV1 > 50% and SGRQ ≤ 50 and the MS subgroup was defined as FEV1 

≤ 50% or SGRQ > 50 

The results of the analysis (see Table S6, Table S7, and Table S8) show that the higher 

incidence of SAEs in inhaled AAT vs. placebo (manifested as an increase in AEs, SAEs, 

hospitalization, decreased time to first mild/moderate exacerbation, and increased 

dropout) is concentrated in the "MS" sub-population. In contrast, the "LS" subpopulation 

had a safety profile that was comparable to placebo. 

 

Table S6: Subgroup Analysis of Serious Adverse Events 

 Less Severe * More Severe ** 

 AAT Placebo AAT Placebo 

Patients with at 
least one SAE 

N/Subgroup 

4/22 (18%) 3/13 (23%) 26/65 (40%) 12/68 (18%) 

SAEs N 6 5 35 16 

* FEV1 > 50% and SGRQ ≤ 50, ** FEV1 ≤ 50% or SGRQ > 50 

 

Table S7: Hospitalization events, ITT populations* 

 ITT 

AAT 

(N=85) 

N (%) 

Placebo 

(N=81) 

N (%) 

Hospitalization Events   

Number of Patients Hospitalized (%) 22 (25.3%) 12 (14.8 %) 

Less Severe More Severe Less Severe More Severe 

3 (3.5) 19 (22.3) 3 (3.7) 9 (11.1) 



 

 ITT 

AAT 

(N=85) 

N (%) 

Placebo 

(N=81) 

N (%) 

Mean Length of Hospital Stay, Days ± SE 7.7 ± 1.35 7.1 ± 1.34 

Less Severe More Severe Less Severe More Severe 

5.33 ± 0.33 8.05 ± 1.55 6.67±3.84 5.78 ± 1.42 

Median Length of Hospital Stay (Days) 

(Q1,Q3) 
5.5 (4.0,9.0) 5 (2.5,8.0) 

Less Severe More Severe Less Severe More Severe 

5.00 (5.0,6.0) 6.00 

(4.0,14.0) 
5.00 

(1.0,14.0) 
5.00 (3.0, 

7.0) 

*The data was derived from ITT population listings  

** Standard error and quartile calculations are not applicable for this one event. 

 

 

Table S8: Subgroup Analysis of Early Withdrawals 

 Less Severe* More Severe** 

Subgroup AAT Placebo AAT Placebo 

N 22 13 65 68 

Total Withdrawals (%) 6 (27.3) 2 (15.4) 29 (44.6) 11 (16.2) 

Withdrawals due to AE (%) 1 (4.5) 1 (7.6) 14 (21.5) 5 (7.3) 

* FEV1 > 50% and SGRQ ≤ 50, ** FEV1 ≤ 50% or SGRQ > 50 

 

Safety events over study duration. 

After the first year, the rate per 100 days of safety events in the AAT treated group dropped 

significantly (from 0.29 to 0.11 withdrawals, 0.27 to 0.15 SAEs and 0.81 to 0.64  exacerbations) 

becoming similar to that of the placebo group. SAEs and severe exacerbations were balanced 

between AAT and placebo. Moderate exacerbations were balanced between AAT and placebo 

throughout the study, and exhibited clear seasonality. Withdrawals were imbalanced in favor of 

placebo, with lower rate per year after the first year (see Figure S4 below).”  



 

These changes observed between the first year and the rest of the study were influenced by 

small sample size, patients variability and the improvement in the handling of AAT and  

nebulizer, that resolved the complain about prolonged nebulization time.   



 

Figure S4: Safety events over study duration 
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