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Abstract
The underdiagnosis of alpha-1 antitrypsin (AAT) deficiency  
(AATD) has been recognized for many years, yet little 
progress has been made in treatment of the disease. In 
this review, we summarize the AATD disease process as 
well as its diagnosis and treatment by AAT augmenta-
tion therapy. AATD is a rare autosomal disease that pri-
marily affects the lungs and liver. AATD is associated with 
an increased susceptibility to developing pulmonary  
emphysema. The specific pharmacological treatment 
for AATD is intravenous administration of exogenous AAT. 
Augmentation therapy with AAT increases serum and 
pulmonary epithelial AAT levels, restores anti-elastase 
capacity, and decreases inflammatory mediators in 
the lung. Augmentation therapy reduces the loss of lung 
density over time, thus slowing progression of the dis-
ease. The effects of augmentation therapy on outcomes, 

such as frequency/duration of flare-ups, quality of life, 
lung function decline and mortality, are assessed. Wid-
er testing for AATD, potentially through primary care 
physicians, could result in earlier treatment and bet-
ter outcomes for individuals with AATD-induced lung  
respiratory disease.
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Introduction
Alpha-1 antitrypsin (AAT) deficiency (AATD) is a genetic 
disorder that was first recognized 60 years ago. The under-
diagnosed nature of AATD has been extensively described 
in the literature.1–4 Despite the recent advances in identifi-
cation of the genetic variants underlying AATD,5–8 the lack 
of widespread testing persists. In this review, the incidence, 
pathogenesis, diagnosis and treatment of AATD and the 
opportunity for primary care physicians to improve the di-
agnosis and treatment of AATD are addressed.

For this narrative review, the databases MEDLINE and EM-
BASE were used for literature research. Search terms in-
cluded combinations of the following keywords: alpha-1 
antitrypsin, antitrypsin deficiency, chronic obstructive pul-
monary disease, liver disease, lung disease, lung density, 
forced expiration volume in 1 s, computed tomography  

densitometry diagnosis, treatment or augmentation 
therapy. Databases were searched for peer-review ar-
ticles published in different languages without any date 
restriction.

Review
Incidence and pathogenesis of AATD
AATD is a rare autosomal codominant disease that af-
fects up to 20 people per 100,000 individuals.9 AAT (Fig-
ure 1), the most abundant protease inhibitor in human 
serum, is synthetized by hepatocytes and transported to 
the lungs, where it is the primary anti-protease. It also 
has significant anti-inflammatory functions in a wide 
range of cell types.10

The first cases of AATD were described more than five 
decades ago,11 and many studies have been published 
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since. Additionally, over 200 AAT mutations have been 
described in the literature. Some variants are associat-
ed with marked deficiency of serum AAT levels (<11 μM or 
0.5 g/L) and increased susceptibility to developing em-
physema, even in non-smokers.6 Individuals who have 
inherited at least one abnormal AAT gene are referred to 
as heterozygotes for PiMZ or PiMS gene variants or ‘car-
riers’ (Figure 2). The homozygous Pi*ZZ genotype is as-
sociated with the most prevalent severe deficiency and 
Pi*ZZ predisposes individuals to pulmonary emphyse-
ma, bronchiectasis, liver cirrhosis, hepatocellular cancer, 
vasculitis and panniculitis.12 As the AAT protein is synthe-
sized in the liver, most of the AAT molecules in individu-
als with Pi*ZZ genotype are retained in the endoplasmic 
reticulum of hepatocytes rather than being secreted. 
Consequently, there is an accumulation of abnormally 
folded AAT, which leads to toxicity of the protein and ul-
timately liver inflammation, cirrhosis and hepatocellular 
carcinoma. Overall, the odds of developing advanced 

fibrosis in Pi*ZZ carriers are 9–20 times higher than in 
non-carriers.13,14

In addition to the homozygous Pi*ZZ genotype, many 
other variants may result in low AAT levels (Pi*M heerlen, 
Pi*M procida, Pi*M lowell, etc.). Moreover, Pi*Null variants 
are characterized by the absence of circulating AAT and 
are also linked to the development of liver and lung dis-
eases. Overall, the severity of AATD is inversely related to 
serum AAT levels. The lowest serum AAT levels have been 
detected in patients with Pi*Null/Null genotype followed 
by Pi*ZZ, Pi*SZ and Pi*MZ genotypes.2,15

The estimated mean prevalence of Pi*ZZ in America is 
1:26,002, whereas in Europe it ranges between 1:491 (Lat-
via) and 1:86,127 (Russia).16

Diagnosis of AATD
AATD remains as an underdiagnosed genetic disease4 
despite awareness regarding its diagnosis and manage-
ment through the development of national and interna-
tional guidelines. The first guideline was published by the 
American Thoracic Society/European Respiratory Socie-
ty in 2003.12 Since then, several studies have developed 
more accurate and less expensive methods to diagnose 
AATD.17 Different strategies have been identified to in-
crease the detection rate of AATD. These include target-
ed detection of chronic obstructive pulmonary disease 
(COPD) and liver disease, testing of family members of 
affected individuals, large-scale screening programmes, 
newborn screening programmes, identifying rare dis-
eases in electronic medical records and the use of com-
mercial diagnostic tests directly by customers.18 However, 
it is crucial that the patient has access to therapy after 

Figure 1.  3D structure of the alpha-1 antitrypsin 
molecule. The polypeptide chain is composed of 
three β-sheets (yellow, green and red strips) and 
nine α-helices (in yellow, blue, orange and red coils). 
The active site loop mediates inhibitory specificity.

Adapted from a generic image of the free-use protein.

Figure 2.  Individuals who have inherited at least 
one abnormal alpha-1 antitrypsin gene (S, Z) are 
referred to as heterozygotes for PiMZ or PiMS gene 
variants or carriers. Most prevalent severe deficiency 
is associated with individuals who are homozygous 
for Pi*ZZ.
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a diagnosis to prevent rapid loss of pulmonary function. 
Regrettably, much improvement is needed in this area.

Patients with AATD must be adequately identified prior 
to receiving any treatment. Primary care physicians play 
a key role in identifying possible patients with AATD be-
cause they are the first point of contact in the healthcare 
system. AATD diagnosis and management can be con-
ducted in primary care centres together with pulmonary 
specialists. By improving disease awareness of primary 
care providers and by testing all patients with COPD for 
AATD, early diagnosis may be faciliated.19

The benefits of an early AATD diagnosis include the im-
plementation of non-pharmacological and pharma-
cological interventions for disease management at an 
initial stage. One of the most important non-pharma-
cological measures in patients with diagnosed AATD is 
lifestyle modification via smoking cessation. As pulmo-
nary emphysema in patients with AATD is strongly as-
sociated with smoking, the early detection of AATD and 
smoking cessation is key to reducing the risk of devel-
oping emphysema. A study demonstrated that smokers 
with PI*ZZ who knew about their severe AATD deficien-
cy had increased their quit attempts at 3 months after 
being diagnosed with AATD and were more motivated 
toward smoking cessation.20 Likewise, cigarette smoke 
is also a risk factor for airflow obstruction and COPD in 
patients with AATD heterozygous for Pi*MZ.21 Remarkably, 
COPD with emphysema can occur even without smok-
ing. Therefore, an early AATD diagnosis may improve 
outcomes and allow the implementation of interven-
tions that prevent or ameliorate the disease.10

Treatment
General therapies
Patients with emphysema and AATD should be treated 
similarly to those diagnosed with COPD, including contin-
uous pharmacological treatment with bronchodilators, 
inhaled steroids for patients with exacerbations, antibi-
otics and oral corticosteroids during flare-ups, influenza 
vaccination, antipneumococcal vaccination, pulmonary 
rehabilitation and oxygen therapy. Surgical interventions, 
such as lung volume reduction surgery and lung trans-
plantation, are limited to the most severe cases.4,9

Treatment should always include smoking cessation — it 
is essential at any stage of COPD, whether it is related to 
AATD or not. Exposure to respiratory irritants, such as to-
bacco smoke, dust and environmental pollution, should 
also be avoided. Every effort should be made to prevent 
smoking initiation in patients with AATD because it is a 
risk factor for the development of emphysema. Addition-
ally, smoking oxidizes AAT and reduces its anti-elastase 
activity.22

Augmentation therapy for AATD
Augmentation therapy with intravenous purified AAT 
is the only specific treatment for AATD. This therapy is 
aimed at increasing patient survival, symptom control 
and preventing the progression of AATD-related pulmo-
nary emphysema.23,24 AAT is also indicated for patients 
with necrotizing panniculitis.3 The efficacy and safety of 
augmentation therapy have been evidenced by numer-
ous observational and randomized clinical trials. In rare 
diseases, the difficulty in recruiting patients for clinical 
trials can be a limiting factor to conducting robust stud-
ies. Augmentation therapy with AAT is recommended to 
restore AAT to physiological levels and ensure its protec-
tive action.3,4 According to the recommendations issued 
by international societies,3,4,12 intravenous AAT treatment 
is indicated for non-smokers or ex-smokers >18 years of 
age, with a genetic variant consistent with severe AAT 
deficiency, a low serum AAT level (<11 µM) and evidence 
of airflow limitation on pulmonary function tests.

The complexity of interpreting genetic variants, the 
screening of patients and the treatment of the disease 
require experienced medical teams. Therefore, AAT aug-
mentation therapy should be performed in reference 
centres for rare diseases, with a trained multidisciplinary 
team properly equipped with immediate relief equip-
ment for any complications.25 Reference centres for rare 
diseases are structured healthcare centres that provide 
adequate care for AATD treatment.4

AAT treatment is provided through regulatory approv-
als in North America (Canada and USA), Europe (Austria, 
Denmark, France, Germany, Italy, the Netherlands, Spain 
and Switzerland) and Asia (Japan).26 However, there is 
still much work to be carried out in developing countries. 
For instance, in Brazil, treatment with AAT is typically ob-
tained through legal action.26

Optimal therapeutic regimen for AATD
The only approved regimen for patients with AATD is 
weekly intravenous infusions of AAT (60 mg/kg). This 
regimen maintains serum trough AAT levels above the 
protective threshold during the week and long term.23 
Serum AAT levels are more consistently above the pro-
tective threshold with weekly infusions than with biweek-
ly or monthly therapy, although differences in clinical 
outcomes have not been formally evaluated. Howev-
er, weekly visits to the healthcare centre may present 
inconvenience for patients and may result in a loss of 
treatment adherence.

High AAT dosage (120 mg/kg) treatment was evaluated 
in a pilot clinical trial. This treatment restored serum AAT 
levels above 25 µM.27 Likewise, the SPARTA trial is a mul-
ticentre, randomized, double-blind, placebo-controlled, 
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phase III clinical study currently under development, 
evaluating two dose regimens of AAT versus placebo (60 
and 120 mg/kg weekly).28 The rationale for evaluating a 
higher dose is that AAT levels in patients with AATD treat-
ed with the standard dosage (60 mg/kg weekly) are still 
below the normal range in healthy individuals.29 Similarly, 
adequate AAT trough concentrations may be achieved 
with administration of 120 mg/kg in every 2 weeks.30 The 
dose of 180 mg/kg in every 21 days protected only 67% of 
the total time, when 60 mg/dL was considered the pro-
tective threshold.31 A monthly regimen was assessed in a 
study of nine patients with AATD (eight Pi*ZZ and one Pi*Z 
null). AAT 250 mg/kg effectively increased serum AAT 
levels above protective limits until the next dose and in 
the long term. However, scientific evidence for biweek-
ly and monthly AAT infusions is limited.3 On the contra-
ry, according to a randomized controlled trial in which 
patients received AAT infusions (250 mg/kg) at 4-week 
intervals, mean AAT levels were below the protective 
threshold at day 28.32

AAT is indicated for patients with Pi*ZZ, Pi*Null or other rare 
genetic variants, most of whom have serum AAT levels 
<11 µM. AAT is not recommended for patients with serum 
AAT level >11 µM, those with emphysema in the absence 
of documented AATD, or those who are heterozygous for 
PiMZ or PiMS gene variants as they do not have an in-
creased risk of emphysema in the absence of smoking.33 
There is an overlap in serum AAT levels amongst differ-
ent genotypes. Figure 3 shows the protective and con-
firmatory testing thresholds in the context of the ranges 
of serum AAT concentrations for each genetic variant.

Commercial preparations of plasma-derived AAT con-
tain IgA. Patients with undetectable serum IgA levels and 
known antibodies to IgA may develop systemic reac-
tions to human plasma containing IgA.34 Therefore, se-
rum IgA levels should be measured in patients treated 
with AATD prior to treatment.

Assessment and monitoring of lung 
function in AATD
After diagnosis, patients should be monitored regular-
ly by a multidisciplinary team comprised by hepatolo-
gists, pulmonologists, dermatologists and radiologists 
during the first year. Adequate monitoring should assess 
parameters such as forced expiratory volume in 1 sec-
ond (FEV1), computed tomography densitometry and 
health-related quality of life.4

FEV1
FEV1 is a clinical parameter that evaluates lung function 
progression and severity of lung disease. The Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) 
document suggests that only patients with severe AATD 

and a predicted FEV1 between 35% and 65% should re-
ceive augmentation therapy.9 The rationale for selecting 
this FEV1 range is that, in observational studies, individ-
uals with FEV1 35–65% appear to have best response in 
slowing lung function decline. Pulmonary function is not 
routinely evaluated to assess the clinical evolution. By 
contrast, the American Thoracic Society suggests week-
ly augmentation therapy with human AAT for individuals 
who have serum AAT levels <11 µM and established air-
flow obstruction, defined as a predicted FEV1 <80%.12 Rou-
tine monitoring of serum AAT levels during therapy is not 
indicated. However, an initial evaluation with complete 
lung function testing and an annual follow-up meas-
urement of lung function, including post-bronchodilator 
FEV1 and gas transfer, are recommended. This monitor-
ing of lung function provides useful data about disease 
progression according to the patients’ needs.3,4

The clinical efficacy of intravenous AAT administration is 
demonstrated in several randomized studies that eval-
uated outcomes such as serum AAT levels, lung function 
and lung density. Long-term clinical trial data on patient 
outcomes, such as frequency of flare-ups, quality of life, 
need for lung transplantation and mortality, are more 
limited.25 Patients with moderate obstruction (predicted 
FEV1 30–65%) were more likely to benefit from AAT ther-
apy, whereas there is a lack of evidence for benefit in 
patients with severe airflow obstruction (e.g. predicted 
FEV1 <35%) as there is no parenchyma/lung function to 
be preserved.3

The results of some observational studies of AAT aug-
mentation therapy showed a beneficial effect on survival 
and lung function and strengthened the evidence for its 
clinical efficacy.35 In this context, a multicentre, prospec-
tive cohort study of 1129 patients found increased surviv-
al in patients who received augmentation therapy.36 In 
patients with predicted FEV1 between 35% and 49%, the 
rate of decline in FEV1 was also delayed amongst those 

Figure 3.  Protective and confirmatory testing 
thresholds in the context of the ranges of serum 
alpha-1 antitrypsin (AAT) concentrations for genetic 
variants.

Created with data taken from ref.31
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receiving augmentation therapy with AAT. A systematic 
review including 5632 patients concluded that augmen-
tation therapy had a slight effect in reducing the decline 
in lung function since the decline in FEV1 was slower (23%) 
(13.4 mL/year, 95% CI 1.5–25.3 mL/year) in those patients 
who received augmentation therapy compared with 
the placebo group.35 A second study compared the FEV1 

decline rate amongst ex-smokers with severe AATD who 
received weekly infusions of AAT at 60 mg/kg or placebo 
for an average of 3.2 years. Overall, the rate of decline in 
FEV1 was significantly lower in patients treated with AAT 
(–53 mL/year) compared with untreated patients (–75 
mL/year; P=0.02).37 A longitudinal study followed 96 pa-
tients with severe AATD and analysed the rate of decline 
in FEV1 before and after starting weekly augmentation 
therapy. This study showed that the rate of FEV1 decline 
during augmentation treatment was slower in patients 
with mild airflow obstruction.38

The effect of AAT therapy in decreasing flare-ups has 
been described for patients with severe COPD. In an ob-
servational study, the rate of flare-ups decreased from 
3–5 infections/year before therapy to 0–1 infections/year 
after initiation of therapy.39 Although randomized trials 
have not shown an overall effect on the frequency of 
flare-ups, a post hoc analysis of a clinical trial found a 
decrease in their severity.34

CT densitometry
Computed tomography (CT) densitometry of the chest 
is essential for the diagnosis of emphysema caused by 
AATD.40 In clinical trials, sensitive measurements of lung 
density by high-resolution CT (HRCT) have shown a de-
crease in lung density over time in patients with severe 
AATD. In addition, some patients have evidence of em-
physema on HRCT without airflow limitation on spirom-
etry, showing that chest HRCT is more sensitive, at least 
initially, than functional assessment.

Augmentation therapy with AAT should be initiated in 
adults with clinical evidence of emphysema due to se-
vere AATD. In the absence of more robust data to initi-
ate AAT therapy in the view of CT changes, it is critical to 
follow these patients closely (e.g. every 6 months) with 
spirometry to identify early or progressive declines in 
FEV1. This would help to identify patients with a greater 
potential to benefit from augmentation therapy.3,4

CT densitometry is a more sensitive measure than 
spirometry to assess the progression of emphysema, 
but its role in routine monitoring requires further inves-
tigation to evaluate the future role of lung densitometry 
loss in the initiation of AATD treatment.4 This parameter is 
important during the follow-up, because patients being 
treated with AAT have a slower decrease in lung density.

To date, the RAPID and RAPID Open Label Extension 
(RAPID-OLE)41,42 studies are the largest multicentre ran-
domized placebo-controlled trials of AAT therapy in 
patients with AATD. In the RAPID trial, patients were ran-
domly assigned to receive AAT intravenously 60 mg/kg/
week or placebo for 24 months.41 After 2 years of AAT 
treatment, a statistically significant reduction in the 
annual rate of CT lung density loss and the total lung 
capacity (TLC) was observed, whilst functional residual 
capacity alone or TLC plus functional residual capacity 
did not reach statistical significance. In the RAPID-OLE 
study, patients previously on placebo switched to AAT 
therapy for 2 years (delayed-onset group) and had 
a similar rate of lung density loss between months 24 
and 48 as those from the early-onset group.42 Between 
day 1 and month 24, TLC annual decline rate was 33% 
greater in the delayed-onset group compared with the 
early-onset group. The efficacy of AAT treatment was 
maintained over 4 years. Between months 24 and 48, 
lung density loss was not recovered in the delayed- 
onset group. These results showed the effectiveness of 
early intervention with AAT to delay lung density loss. 
Desmosine and isodesmosine are two amino acid 
cross-links that are used as biomarkers of elastin deg-
radation.43 A post hoc study of the RAPID/RAPID OLE trials 
showed that desmosine and isodesmosine were signif-
icantly reduced in plasma from patients treated with 
AAT between baseline and month 48.44

Future perspectives
Clinical practice guidelines from the Medical and Sci-
entific Advisory Committee of the Alpha-1 Foundation 
recommend that all individuals with COPD, unexplained 
chronic liver disease, necrotizing panniculitis, granu-
lomatosis with polyangiitis or unexplained bronchiecta-
sis be tested for AATD. First degree relatives of patients 
known to have AATD should also be tested.3 Several arti-
cles that have highlighted the inadequacy of the reach 
of current testing have also identified primary care 
physicians as the potential solution to expanding the 
breadth of AATD testing.19,45,46

In several countries, medical associations and reference 
centres have reinforced the need for careful diagnosis 
and access to intravenous augmentation treatment in 
patients with severe AATD.47 However, there is an urgent 
need to identify new biomarkers of emphysema pro-
gression and response to therapy. It is paramount to 
unravel the clinically important minimum difference in 
the rate of lung density loss to help clinicians and re-
searchers to better understand the therapy outcomes. 
The optimal AAT treatment should be personalized, with 
individualized selection of the therapeutic regimen, ac-
cording to patient needs.4,47,48
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Conclusion
In summary, patients with severe AATD benefit from 
augmentation therapy with AAT. A decrease in FEV1 is 
the main point to evaluate effectiveness. Previous stud-
ies have shown benefits with specific AAT treatment, 
especially when lung density is assessed by HRCT. We 

recognize difficulties in the diagnosis and treatment of 
AATD. However, it is necessary that patients are ade-
quately treated with the specific AAT treatment, which 
will delay the loss of lung parenchyma and an unfa-
vourable clinical evolution. Primary care physicians can 
play a valuable role in the early detection of AATD and 
early initiation of treatment.
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