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Background: Augmentation therapy (AT) is the only specific treatment licensed for patients 
with alpha-1 antitrypsin deficiency (AATD) associated lung disease. Since patients with 
severe AATD may have a very different prognosis and AT requires intravenous infusions 
for life, the decision to initiate AT may be challenging.
Methods: This survey was conducted on 63 experts in AATD from 13 European countries 
about their opinions and attitudes regarding AT. Participants were asked to rank the importance of 
11 identified factors related with the prescription of AT. In addition, each participant was asked to 
respond to the indication of AT for 30 out of 500 hypothetical cases developed with the 
combinations of the 11 factors. Each case was evaluated by 3 experts to check the concordance.
Results: The variables that scored higher on preferences for initiating AT were AAT 
genotype (score 8.6 from a Likert scale 0–10 (SD: 1.7)), AATD serum level (8.2 (SD:2.4)) 
and FEV1 (%) decline (7.9 (SD:2.4)). Among the 500 different cases, there was an agree-
ment in indication of AT among the 3 experts in 291 (58.2%). Regarding the variables 
associated with AT, it was indicated to 81.9% of Pi*ZZ, 52.4% of Pi*SZ and 9.8% of Pi*MZ 
(p < 0.0001). For Pi*ZZ patients, multivariate analysis identified younger age, reduced FEV1 
(%), higher FEV1 decline and worse emphysema as significantly associated with prescription 
(AUC = 0.8114); for Pi*SZ variables were younger age, worse FEV1 (%) and worse 
emphysema (AUC = 0.7414); and for Pi*MZ younger age, worse DLCO (%), higher 
DLCO decline and dyspnea (AUC = 0.8387).
Conclusion: There is a high variability in the criteria for prescription of AT among 
European experts. Most cases were recommended AT according to guidelines, but 
a significant number of patients with genotype Pi*SZ and almost 10% Pi*MZ were recom-
mended to initiate AT despite the lack of evidence of efficacy in these genotypes.
Keywords: augmentation therapy, survey, EARCO, Europe

Introduction
Alpha-1 antitrypsin deficiency (AATD) is a common but under-recognized genetic 
condition that affects approximately 1 in 2000 to 1 in 5000 individuals and 
predisposes to early-onset emphysema and liver disease.1 Alpha-1 antitrypsin 
(AAT) is mainly produced in the liver, and its main function is to protect the 
lung against the proteolytic damage, especially from neutrophil elastase.2

It is estimated that approximately 1 in 850 cases of chronic obstructive pul-
monary disease (COPD) in Europe is associated with AATD, with large variations 
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between countries.3 The only specific treatment available 
for lung disease associated with AATD is the intravenous 
administration of AAT obtained from blood donors, which 
is called augmentation therapy (AT).4 This treatment was 
approved in the United States and Europe in the late 80s 
based on its biochemical efficacy restoring the antielastase 
protection in the lungs4,5 and only recently demonstrated 
its clinical efficacy in reducing the rate of decline of lung 
density in patients with AATD associated emphysema.6 

National and international guidelines have established cri-
teria for initiation of AT based on the diagnosis of severe 
AATD and the demonstration of lung function 
impairment;7–9 however, it is recognized that clinical evo-
lution of lung disease in AATD is difficult to predict on an 
individual basis.10 Some patients may have an accelerated 
decline in lung function and lung density despite quitting 
smoking and adequate COPD treatment,11,12 while non- 
index cases, identified by population or family screening, 
may have the same life expectancy than the general 
population.13 Therefore, a personalized approach to treat-
ment according to the characteristics of the patients has 
been suggested.14

Since AT requires weekly intravenous infusions for life, 
usually in hospital facilities, the decision to initiate AT must 
be based on a case-by-case careful evaluation of risks and 
cost-benefit analysis in experienced reference centers.15 In 
the current study, we aimed to investigate the criteria used by 
European experts to indicate initiation of AT beyond the 
recommendations of the current guidelines.

Method
Study Design
Investigation about variability of prescription of AT and 
associated factors was identified as a research priority by 
the European Alpha-1 antitrypsin Research Collaboration 
(EARCO), see www.earco.org.16 Therefore, a cross- 
sectional, survey was conducted between April and 
December 2018 among European AATD expert pulmonol-
ogists identified from the EARCO network.17 The study 
involved the remittance of a survey to a group of pre-
viously selected experts, with the goal of identifying the 
most important factors influencing the decision to initiate 
AT in patients with AATD.

The study was carried out according to the principles 
of the Declaration of Helsinki and the prevailing norms for 
performing investigation in humans. Data confidentiality 
was ensured according to the Law of Data Protection 

2016/679. The study was approved by the Phillips 
University of Giessen and Marburg (Germany) ethics 
committee on December 12th, 2017, no written informed 
consent was considered necessary.

Development of the Questionnaire
A nonsystematic literature review was conducted to identify 
variables associated with the prescription of AT for AATD, 
including those described in guidelines for management of 
patients with AATD7–9 and the outcomes described in clin-
ical trials and observational studies.6,10–13 A questionnaire 
was designed that included the most relevant variables 
found, as well as additional contributions based on the 
experience of the scientific committee. The final version 
of the survey consisted of 11 items comprising age, AAT 
serum level, AAT genotype (PiZZ, PiMZ and PiSZ), forced 
expiratory volume in one second in percent predicted 
(FEV1 (%)), diffusion capacity of the lungs for CO 
in percent predicted (DLCO (%)), FEV1 (mL) decline, 
DLCO (%) decline, severity of emphysema on computed 
tomography (CT) scan, smoking history, frequency of 
exacerbations in the previous year and degree of dyspnea 
according to the modified Medical Research Council 
(mMRC) dyspnea scale.

Two aspects were evaluated in the questionnaire: 1) the 
degree of importance given by each expert to the different 
variables selected for the initiation of AT, and 2) their 
decision as to whether to initiate AT or not in 500 hypothe-
tical cases constructed with different combinations of the 11 
selected variables. The construction of the hypothetical 
cases was developed considering the biological plausibility 
of variables that were closely related; as an example, 
a patient with AAT serum levels < 25 mg/dL could only 
have a Pi*ZZ genotype, and conversely, a patient with AAT 
> 80 mg/dL could only have a Pi*MZ genotype (Table 1).

Questionnaire Administration
All the selected experts received an email with an invitation 
letter and the questionnaire. Email reminders were sent after 4 
weeks. Participation in the study was voluntary and experts 
participated anonymously. The respondent’s sociodemo-
graphic data, such as age, sex, years of work experience and 
number of patients with AATD attended yearly, were also 
collected. The experts were required to respond to the impor-
tance of the different variables for the decision to initiate AT 
according to a 10-point, Likert-type ordinal scale (where 
1 = not important and 10 = very important).
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Finally, the 500 different fictitious cases were dis-
tributed in 50 batches of 10 cases. Every participant 
responded to three rounds of 1 batch of 10 cases; 
therefore, every participant responded to 30 different 
cases and each case was evaluated by 3 different 
experts in order to test concordance of decisions. 
Thirteen participants in the first round did not respond 
to rounds 2 and 3 and were replaced by 13 new 
experts, for a total of 63 participants.

Statistical Analysis
For the continuous variables, the description of the mean, 
median and standard deviation (SD) is presented and per-
centages for categorical variables.

A descriptive analysis of the variables associated 
with the decision of AT is presented indicating the 
frequency of yes/no observed in each clinical case and 
the concordance between the respondents. Afterwards, 
logistic regression was adjusted combining the three 
response rounds (ie, 500 cases evaluated by 3 partici-
pants, resulting in 1500 evaluations) with respect to 
initiation of AT. This analysis was performed in 3 
steps: Step 1: univariate models were estimated to 
assess the possible association between the independent 
variables and the outcome, separately. Step 2: a logistic 
model, called “full model” for the present analysis, 
including all variables of step 1 with a p value <0.1 

was adjusted. Step 3: several models were adjusted from 
the full model, excluding those variables that were less 
associated with the outcome in the presence of others, in 
order to reach the best model to explain the outcome. 
The final model was then evaluated by some metrics 
such as receiver operating (ROC) curve and its area 
under the curve (AUC). The significance level used 
was <0.05, unless otherwise specified. All statistical 
analyses were performed using the statistical package 
SAS® system version 9.4.

Results
Participants
The 63 experts participating in the study belonged to 13 
countries, the most represented countries were Germany with 
18, Spain 14, Portugal 9, and the United Kingdom 7. Up to 
66.7% were male, 46% treated more than 20 patients with 
AATD and 40% between 5 and 20 patients, and 42 (66.7%) 
had between 5 and 20 years of experience treating AATD 
patients.

Variables Considered Important for 
Prescription of Augmentation
The variables that scored higher on preferences for initiating 
augmentation therapy were AAT genotype (score 8.6 (SD: 
1.7)), AATD serum level (8.2 (SD:2.4)) and FEV1 (%) decline 
(7.9 (SD:2.4)). Complete results are shown in Figure 1.

Table 1 Stratification of Variables Analysed in the Study

Item Severity

Genotype Pi*ZZ Pi*SZ Pi*MZ

AAT (g/L) <0.25 <0.50 <0.57 <0.80 >0.80

Age (years) <30 <45 <60 <75 >75

Smoking (pack-years) Absent <10 >10 >20 >50

FEV1(%) <30 <45 <60 <70 >70

DLCO (%) <25 <50 <60 <70 >70

Emphysema on CT Very severe Severe Moderate Mild Absent

Symptoms (mMRC) 4 3 2 1 0

Exacerbations /year >1 1 0

FEV1 decline (mL/y) >150 >100 >50 >30 <30

DLCO(%) decline (%/y) >20 >15 >10 >5 <5

Abbreviations: AAT, alpha-1 antitrypsin; g, grams; L, liter; FEV1, forced expiratory volume in one second; DLCO, diffusion capacity of the lung for carbon monoxide; CT, 
computed tomography; mMRC, modified Medical Research Council; mL, milliliter; y, year.
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Clinical Cases: Agreement Among 
Responders
Among the 500 different cases, there was an agreement among 
the 3 experts in 291 (58.2%), of which 156 (53.6%) corre-
sponded to 3 negative and 135 (46.4%) to 3 positive responses.

Among the concordant negative all had moderate or 
mild deficiency, except 8 with a severe deficiency, 5 of 
them with normal lung function and 3 with combinations 
of Pi*SZ and moderate or absent emphysema. Among the 
concordant positive all had severe deficiency except 5 with 
moderate deficiency age younger than 45 years, FEV1 (%) 
<50% and severe emphysema.

Clinical Cases. Univariate Analysis of 
Variables Associated with Augmentation
Out of the 11 variables selected for the study, only mMRC 
degree of dyspnea was not significantly associated with the 
prescription of AT. However, for some of the variables, despite 
being significant, differences were very small. For example, 
AT would be prescribed in 43.1% of cases with no exacerba-
tions, in 50.4% of patients with one and 51.3% of patients with 
2 or more exacerbations the previous year (p = 0.0229). In 
contrast, there was a clear gradient in variables such as AAT 
genotype (with AT being prescribed to 81.9% of Pi*ZZ, 52.4% 

of Pi*SZ and 9.8% of Pi*MZ; p < 0.0001), AAT serum levels 
or emphysema on CT scan (Table 2).

Clinical Cases. Logistic Regression for All 
Combinations of Cases-participants 
Included in the Analysis
The logistic regression analysis included the 1500 combina-
tions of cases-participants and results are presented in Table 3.

The first analysis included the 11 variables of the study. 
Seven of them were significant and the strongest gradient in 
odds ratios (ORs) was observed for AAT genotype, AAT 
serum levels and age. Results did not change significantly 
when the model was repeated including only baseline vari-
ables, excluding FEV1 (%) and DLCO (%) decline (Table 3).

Clinical Cases. Logistic Regression 
According to Different AAT Genotypes
Since genotype had the strongest influence in prescription of 
augmentation, we explored which factors were significantly 
associated with prescription in the three different genotype 
groups. When patients were grouped by genotypes, AAT 
serum levels were no longer significant for any of the geno-
types. For Pi*ZZ patients, DLCO (%) and rate of decline in 
DLCO (%) were not significantly associated with the 

Figure 1 Mean scores of variables associated with prescription of augmentation therapy (range 0–10). 
Abbreviations: Py, pack-years; AAT, alpha-1 antitrypsin; g, grams; l, liter; FEV1, forced expiratory volume in one second; DLCO, diffusion capacity of the lung for carbon 
monoxide; CT, computed tomography; mMRC, modified Medical Research Council; mL, milliliter; y, year.
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prescription of augmentation. For Pi*SZ patients only age, 
FEV1 (%) and emphysema on CT scan were significant, and 
finally for Pi*MZ age, DLCO (%), DLCO (%) decline and 
mMRC dyspnea degree were significant (Table 4). The AUC 

Table 2 Frequencies of No/Yes Within the Categories of Each 
Variable for the 1,500 Combinations of Case-Participants

No (n=769) Yes (n=724) P value

Genotype <0.0001

Pi*ZZ 81 (18.1%) 367 (81.9%)

Pi*SZ 284 (47.6%) 313 (52.4%)

Pi*MZ 404 (90.2%) 44 (9.8%)

AAT serum level (g/l) <0.0001

1: <0.25 37 (16.6%) 186 (83.4%)

2: <0.50 75 (25.0%) 225 (75.0%)

3: <0.57 209 (46.8%) 238 (53.2%)

4: <0.80 242 (80.9%) 57 (19.1%)

5: 0.80 or more 206 (92.0%) 18 (8.0%)

Age (years) <0.0001

1: <30 82 (36.8%) 141 (63.2%)

2: <45 139 (46.5%) 160 (53.5%)

3: <60 222 (49.7%) 225 (50.3%)

4: <75 144 (48.2%) 155 (51.8%)

5: 75 or more 182 (80.9%) 43 (19.1%)

Smoking history (pack-y) 0.0306

1: Absent 107 (47.6%) 118 (52.4%)

2: up to 10 145 (48.5%) 154 (51.5%)

3: up to 20 221 (49.4%) 226 (50.6%)

4: up to 50 296 (56.7%) 226 (43.3%)

FEV1 (%) <0.0001

1: <30 113 (50.9%) 109 (49.1%)

2: <45 155 (51.8%) 144 (48.2%)

3: <60 200 (44.5%) 249 (55.5%)

4: <75 157 (52.5%) 142 (47.5%)

5: 75 or more 144 (64.3%) 80 (35.7%)

FEV1 - decline/year 0.0181

1: >150 112 (49.8%) 113 (50.2%)

2: >100 142 (47.5%) 157 (52.5%)

3: >50 219 (49.3%) 225 (50.7%)

4: >30 158 (52.7%) 142 (47.3%)

5: 30 or less 138 (61.3%) 87 (38.7%)

(Continued)

Table 2 (Continued). 

No (n=769) Yes (n=724) P value

DLCO (%)

1: <25 100 (44.4%) 125 (55.6%) <0.0001

2: <50 129 (43.6%) 167 (56.4%)

3: <60 240 (53.5%) 209 (46.5%)

4: <70 151 (50.7%) 147 (49.3%)

5: 70 or more 149 (66.2%) 76 (33.8%)

DLCO - decline/year 0.0035

1: >20 126 (56.3%) 98 (43.8%)

2: >15 152 (50.3%) 150 (49.7%)

3: >10 234 (52.6%) 211 (47.4%)

4: >5 127 (42.6%) 171 (57.4%)

5: 5 or less 130 (58.0%) 94 (42.0%)

Emphysema on CT scan <0.0001

Absent 147 (65.3%) 78 (34.7%)

Mild 171 (57.2%) 128 (42.8%)

Moderate 228 (51.0%) 219 (49.0%)

Severe 117 (39.1%) 182 (60.9%)

Very severe 106 (47.5%) 117 (52.5%)

Symptoms (mMRC) 0.6158

0 123 (54.9%) 101 (45.1%)

1 148 (49.7%) 150 (50.3%)

2 236 (52.7%) 212 (47.3%)

3 154 (51.5%) 145 (48.5%)

4 108 (48.2%) 116 (51.8%)

Exacerbations (year-1) 0.0229

0 256 (56.9%) 194 (43.1%)

1 296 (49.6%) 301 (50.4%)

2 or more 217 (48.7%) 229 (51.3%)

Abbreviations: Pi, proteinase inhibitor; AAT, alpha-1 antitrypsin; g, grams; L, liter; 
FEV1, forced expiratory volume in one second; DLCO, diffusion capacity of the lung 
for carbon monoxide; CT, computed tomography; mMRC, modified Medical 
Research Council; mL, milliliter; y, year.
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Table 3 Logistic Regression Analysis for the 1,500 Combinations of Case-Participants

All Variables Only Baseline Variables

OR, 95% CI p-value OR, 95% CI p-value

Genotype <0.0001 <0.0001

Pi*ZZ vs Pi*MZ 13.97 (5.47, 35.62) 15.06 (5.96, 38.05)

Pi*SZ vs Pi*MZ 5.87 (2.95, 11.66) 5.95 (3.05, 11.64)

AAT serum level (g/l) 0.0090 0.0160

1 vs 5 (<0.25 vs =0.80) 8.17 (2.59, 25.72) 7.32 (2.36, 22.66)

2 vs 5 (<0.50 vs =0.80) 5.43 (2.01, 14.71) 4.59 (1.72, 12.29)

3 vs 5 (<0.57 vs =0.80) 2.85 (1.19, 6.84) 2.63 (1.12, 6.20)

4 vs 5 (<0.80 vs =0.80) 1.91 (0.98, 3.69) 1.84 (0.95, 3.54)

Age (years) <0.0001 <0.0001

1 vs 5 (<30 vs =75) 11.90 (6.82, 20.78) 11.72 (6.79, 20.23)

2 vs 5 (<45 vs =75) 7.07 (4.21, 11.87) 7.22 (4.35, 11.99)

3 vs 5 (<60 vs =75) 5.04 (3.13, 8.14) 5.29 (3.31, 8.45)

4 vs 5 (<75 vs =75) 4.54 (2.71, 7.60) 4.66 (2.81, 7.73)

FEV1 (%) <0.0001 <0.0001

1 vs 5 (<30 vs =75) 2.56 (1.53, 4.30) 2.72 (1.63, 4.54)

2 vs 5 (<45 vs =75) 2.98 (1.83, 4.86) 2.98 (1.84, 4.81)

3 vs 5 (<60 vs =75) 3.87 (2.41, 6.21) 4.09 (2.57, 6.50)

4 vs 5 (<75 vs =75) 2.66 (1.60, 4.41) 2.89 (1.76, 4.73)

FEV1 - decline/year 0.0303

1 vs 5 (>150 vs =30) 2.04 (1.22, 3.43)

2 vs 5 (>100 vs =30) 1.74 (1.06, 2.86)

3 vs 5 (>50 vs =30) 1.74 (1.09, 2.75)

4 vs 5 (>30 vs =30) 1.26 (0.77, 2.05)

DLCO - decline/year 0.0318

1 vs 5 (>20 vs =5) 1.03 (0.62, 1.73)

2 vs 5 (>15 vs =5) 1.31 (0.82, 2.09)

3 vs 5 (>10 vs =5) 1.38 (0.90, 2.11)

4 vs 5 (>5 vs =5) 1.99 (1.24, 3.19)

Emphysema on CT scan <0.0001 <0.0001

Mild vs Absent 3.14 (1.94, 5.08) 2.95 (1.83, 4.73)

Moderate vs Absent 3.56 (2.29, 5.53) 3.47 (2.25, 5.35)

Severe vs Absent 5.38 (3.35, 8.63) 5.37 (3.37, 8.55)

Very severe vs Absent 5.42 (3.27, 8.98) 5.22 (3.16, 8.61)

Abbreviations: Pi, proteinase inhibitor; AAT, alpha-1 antitrypsin; g, grams; L, liter; FEV1, forced expiratory volume in one second; DLCO, diffusion capacity of the lung for 
carbon monoxide; CT, computed tomography; mMRC, modified Medical research Council; mL, milliliter; y, year.
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Table 4 Logistic Regression Analysis for the 1,500 Combinations of Case-Participants Divided by AAT Genotype

Pi*ZZ (n= 450) Pi*SZ (n=600) Pi*MZ (n=450)

OR, (95% CI) p-value OR, (95% CI) p-value OR, (95% CI) p-value

AAT serum level (g/l) 0.087 0.065

1 vs 2 (<0.25 vs <0.50) 1.73 (0.92, 3.23) 2.38 (1.14, 4.97)

2 vs 3 (<0.50 vs <0.57) 1.42 (0.82, 2.46)

Age (years) <0.001 <0.001 <0.001

<30 vs 75 or more 16.25 (5.35, 49.35) 10.94 (5.14, 23.27) 34.45 (6.24, 190.18)

<45 vs 75 or more 7.81 (2.97, 20.52) 5.26 (2.57, 10.77) 11.06 (2.23, 54.98)

<60 vs 75 or more 7.74 (3.06, 19.55) 5.45 (2.83, 10.49) 2.70 (0.51, 14.26)

<75 vs 75 or more 3.14 (1.20, 8.23) 5.31 (2.65, 10.62) 2.40 (0.44, 13.05)

FEV1 (%) <0.001 <0.001

<30 vs 75 or more 1.43 (0.52, 3.91) 3.59 (1.68, 7.68)

<45 vs 75 or more 5.04 (1.98, 12.81) 3.19 (1.54, 6.64)

<60 vs 75 or more 5.48 (2.21, 13.55) 5.28 (2.60, 10.70)

<75 vs 75 or more 2.13 (0.89, 5.11) 4.38 (2.00, 9.61)

FEV1 decline/year (mL) <0.001

>150 vs 30 or less 4.51 (1.11, 18.37)

>100 vs 30 or less 1.54 (0.50, 4.74)

>50 vs 30 or less 2.60 (0.95, 7.11)

>30 vs 30 or less 0.61 (0.22, 1.69)

DLCO (%) 0.007

<25 vs 70 or more 0.29 (0.06, 1.44)

<50 vs 70 or more 3.61 (1.04, 12.52)

<60 vs 70 or more 2.43 (0.79, 7.53)

<70 vs 70 or more 0.51 (0.11, 2.37)

DLCO(%) - decline/year 0.009

>20 vs 5 or less 0.25 (0.03, 1.77)

>15 vs 5 or less 0.62 (0.13, 2.96)

>10 vs 5 or less 2.39 (0.58, 9.80)

>5 vs 5 or less 2.35 (0.52, 10.55)

Emphysema on CT scan <0.001 <0.001

Mild vs Absent 8.73 (3.19, 23.83) 2.34 (1.24, 4.41)

Moderate vs Absent 5.71 (2.30, 4.16) 2.71 (1.52, 4.80)

Severe vs Absent 8.98 (3.53, 22.88) 4.98 (2.69, 9.21)

Very severe vs Absent 8.16 (2.88, 23.12) 6.34 (3.18, 12.63)

(Continued)
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for the different models were 0.811 for the Pi*ZZ, 0.741 for 
the Pi*SZ and 0.838 for the Pi*MZ (Figure 2A–C).

Discussion
Criteria for initiation of AT in clinical practice guidelines 
are broad and imprecise.7,9,18–20 Similarly the indications 
on the summary of product characteristics (SmPCs) of the 
available treatments for AT are also imprecise, with indi-
cations such as “evidence of progressive lung disease”21 or 
“clinical evidence of emphysema due to severe hereditary 
deficiency of AAT”22 but without a definition of progres-
sion or emphysema or even if severe AATD is restricted to 
Pi*ZZ or it also includes Pi*SZ. Moreover, due to the 
variable severity of the clinical manifestations of lung 
disease in patients with AATD10–12 and the different evo-
lution and prognosis observed when patients quit smoking 
and initiate pharmacologic and non-pharmacologic treat-
ments for COPD,23 the decision about if and when to start 
AT may be challenging and related to other demographic 
or clinical factors not included in the criteria for AT 
described in guidelines.

The current survey conducted on experts in AATD 
from 13 European countries has shown a large variability 
in their approach to AT. When hypothetical cases were 
presented to groups of 3 randomly selected participants, 
their indication of AT was concordant in only 58% of 
cases. Although the AAT genotype and serum levels 
were the most important criteria selected, some partici-
pants agreed to prescribe AT to a minority of patients 
with a non-severe AATD if they suffered a severe lung 
disease at a very young age, despite not being supported 
by evidence. In addition, there was agreement not to pre-
scribe AT to severe AATD patients with only mild impair-
ment in lung function, despite the protective role of AT in 

the rate of decline of lung density.6 In contrast, mMRC 
dyspnea score, history of exacerbations and smoking his-
tory were the variables considered to have a very minor 
role in the decision to treat with AT.

In most European countries, AT is administered intra-
venously at weekly intervals in day care hospital 
facilities.24 This means that from initiation, potentially to 
the end of life, patients will be requested to attend the 
hospital weekly for some hours; moreover, treatment is 
costly and some patients, even with severe deficiency, may 
have a benign clinical course irrespective of AT, with 
a normal survival and very few symptoms.13 Taking 
these considerations into account, some experts might not 
initiate AT right after diagnosis even if at face value they 
fulfill criteria for AT. In these cases, other variables not 
included in guidelines’ recommendations may be consid-
ered in addition to the main criteria for treatment, ie, 
severe AATD and reduced lung function.7,9 Age may be 
one of these criteria; as an example, AT may not always be 
considered in an 80-year-old Pi*ZZ patient with a FEV1 
(%) of 65% predicted, despite fulfilling criteria for AT. 
However, most physicians would probably start treatment 
immediately if the same patient was 38 years-old instead. 
The same could be valid for other variables such as CT 
scan; a 65-year-old Pi*ZZ with FEV1 (%) of 70% and 
severe emphysema on CT will probably be recommended 
to start AT as soon as possible, but the recommendation 
might be different if the CT showed no or minimal 
emphysema.

Since AATD is a rare disease, it is difficult for 
a practicing physician or a single clinical center to accu-
mulate enough experience to make informed decisions 
about AT and this may lead to significant differences in 
management between countries and even centers in the 

Table 4 (Continued). 

Pi*ZZ (n= 450) Pi*SZ (n=600) Pi*MZ (n=450)

OR, (95% CI) p-value OR, (95% CI) p-value OR, (95% CI) p-value

Symptoms (mMRC) 0.006

1 vs 0 21.38 (2.44, 187.64)

2 vs 0 11.87 (1.43, 98.44)

3 vs 0 5.81 (0.64, 52.49)

4 vs 0 3.12 (0.28, 34.09)

Abbreviations: Pi, proteinase inhibitor; AAT, alpha-1 antitrypsin; g, grams; L, liter; FEV1, forced expiratory volume in one second; DLCO, diffusion capacity of the lung for 
carbon monoxide; CT, computed tomography; mMRC, modified Medical research Council; mL, milliliter.
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same country.15 Consequently, the EU council25 and the 
ERS statement16 recommend that patients with AATD 
should be attended in expert reference centers. In this 
respect, in almost half of the 500 cases there were dissent-
ing opinions about initiating AT among the three evalua-
tors. Among the concordant cases, concordance on 
initiating therapy occurred in cases of severe AATD, and 
five cases with moderate deficiency but younger than 45 
years with severe emphysema and FEV1 (%) <45% pre-
dicted. Where concordance occurred for not initiating AT, 

the majority of cases were nonsevere AATD, except eight 
with severe deficiency and with either preserved lung 
function or moderate or absent emphysema on CT scans. 
This suggests that concordance happens largely around 
areas that are clearly supported by trial evidence, or con-
versely not supported by either trial data or the product 
license.

Globally, AT was recommended in 52% of the Pi*SZ 
cases, compared to 82% of Pi*ZZ and 10% of Pi*MZ. For 
Pi*SZ individuals, the factors significantly associated with 

Figure 2 Receiver operating (ROC) curves and their area under the curve (AUC) for the indication of augmentation therapy for (A) Pi*ZZ, (B) Pi*SZ and (C) Pi*MZ.
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the decision to treat were younger age, more severely 
impaired FEV1 (%) and more severe emphysema on CT 
scan. These results are somewhat unexpected because, 
although Pi*SZ individuals are included among the indi-
cations described in the SMPCs of the available 
therapies21,22 and a few Pi*SZ patients have an AAT 
level <11 µM and have been included in RCTs, the evi-
dence for treatment in Pi*SZ is very limited26,27 and the 
risk of lung disease associated with this genotype is con-
sidered to be more similar to Pi*MZ than to Pi*ZZ.28,29 

More surprising is the indication of AT in almost 10% of 
cases with Pi*MZ genotypein this case, age <45 years, 
a DLCO (%) <50% and being symptomatic were the most 
relevant variables to decide the initiation of AT. It is of 
note that AT in Pi*MZ patients is off label, there is no 
evidence of efficacy of AT in Pi*MZ individuals30,31 and, 
therefore, it is not recommended by guidelines.7–9

Since the introduction of AT in the late 80s the same 
regimen of 60 mg/Kg weekly has been recommended for 
patients with severe AATD and lung disease based on 
biochemical efficacy restoring serum AAT levels above 
the protective threshold,4,5 irrespective of the severity 
and phenotype of the respiratory disease. Prospective 
data from registries have shown that evolution of AATD- 
associated lung disease may be very variable, and there-
fore some patients, in particular non-index cases, may do 
well without AT, while others with severe disease and 
frequent exacerbations may require higher doses of AAT 
than the standard regimen to protect the lungs from the 
action of proteases.12–14 In this context, it would be of 
great help to identify responders to AT, patients that share 
some characteristics that either increase the concentrations 
or activity of proteases or make them more susceptible to 
the effects of proteases; however, the largest placebo- 
controlled, randomized clinical trial of AT to date included 
only 90 patients per arm, which makes subgroup analysis 
of responders unfeasible.6 Some authors have proposed 
a personalized approach to AT considering variables such 
as age, rate of decline of lung function and CT imaging of 
the lungs;11,14,32 our results indicate that most experts 
consider these variables for the prescription of AT despite 
the lack of definitive evidence.

Conclusions
Decisions about initiating AT take into consideration sev-
eral variables not included in the current recommendations 
described in guidelines. There is a considerable variability 
among European experts in the criteria used to decide the 

prescription of AT. Unfortunately, the limited sample size 
of the existing clinical trials does not permit the analysis of 
responders, or the evaluation of demographic and clinical 
characteristics associated with better response to AT.

Abbreviations
AAT, alpha-1 antitrypsin; AATD, alpha-1 antitrypsin defi-
ciency; AT, augmentation therapy; AUC, area under the 
curve; COPD, chronic obstructive pulmonary disease; CT, 
computed tomography; DLCO, diffusing capacity of the 
lungs for carbon monoxide; EARCO, European Alpha-1 
antitrypsin Research Collaboration; EU, European Union; 
FEV1, forced expiratory volume in one second; FVC, 
forced vital capacity; mMRC, Modified Medical 
Research Council; PI*, protease inhibitor; ROC, receiver- 
operating characteristics; SAS, statistical analysis system; 
SMPC, summary of product characteristics; SD, standard 
deviation.
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