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Introduction: Alpha-1 antitrypsin deficiency (AATD) is an inherited genetic disorder associated with a risk of 

developing lung and liver disease. Several studies have examined its possible association with an increased risk 

of lung cancer. 

Materials and Methods: Systematic review of the scientific literature on studies analyzing the risk of LC associated 

with AATD, as well as its impact on the histological type and survival. The information was located in the Medline 

(PubMed), Cochrane, and EMBASE databases. 

Results: Six studies including a total of 4 038 patients with LC met the inclusion criteria. Most studies included 

seem to indicate that AATD increases the risk of developing LC, particularly of the squamous and adenocarcinoma 

types. This risk increases with exposure to tobacco smoke and the diagnosis of chronic obstructive pulmonary 

disease (COPD). Only one study analyzed the survival of LC patients without finding differences between AATD 

and non-AATD patients. 

Conclusions: These results suggest that AATD may increase the risk of developing LC, particularly of the squamous 

and adenocarcinoma histological types, but no impact on patient survival has been demonstrated. However, the 

low quality of the included studies makes it necessary to carry out more studies with a larger sample size and 

preferably of a prospective nature to confirm these results. 
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ntroduction 

Alpha-1 antitrypsin (AAT) is a glycoprotein synthesized primarily by

he hepatocytes (80%) and, in smaller amounts, by other types of cells

uch as monocytes or macrophages [1] . It is encoded by a gene called

ERPINA1 that is located on the long arm of chromosome 14 (q31–32.3)

nd inherited following an autosomal codominant mechanism [2] . Over

25 genetic polymorphisms of this gene associated with a wide variabil-

ty of alleles are currently known [3] . The normal and most frequent

llele is called PI ∗ M (PI: protease inhibitor). It is present in 85–90% of

ndividuals [4] . The most common deficient alleles are PI ∗ S (encodes

0% active protein) and PI ∗ Z (encodes 15% active protein), and they

ave a heterogeneous incidence worldwide, ranging between 0.8 % and

0 % according to several studies [5–7] . The null alleles are character-

zed by an altered molecular structure and function, with an AAT pro-

uction < 1% and no detectable AAT plasma level [8] . They are much
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ess frequent than PI ∗ S and PI ∗ Z and produced by nucleotid insertion,

eletion or substitution mechanisms. 

The main function of AAT is the inhibition of serine proteases, being

eutrophil elastase the most important one [9] . Other properties of AAT

ave been described and include an antiinflammatory or antimicrobial

ction [ 10 , 11 ]. Severe alpha-1 antitrypsin deficiency (AATD) (plasma

evels < 57 mg/dl) is associated with deficient genotypes such as PI ∗ SZ,

I ∗ ZZ, and other combinations, including rare or null alleles. The pro-

ease/antiprotease imbalance associated with AATD is related to the de-

elopment of lung disease, such as emphysema [12] , particularly in re-

ation to exposure to tobacco smoke. Some deficient genotypes are also

elated with several forms of liver disease according to the age of pre-

entation (from neonatal cholestasis or juvenile hepatitis in the early

ears of life, to liver cirrhosis or hepatocarcinoma in adulthood) [13] .

he main mechanism of liver disease is the intrahepatic accumulation

f AAT polymers. The relationship between AATD and lung [ 14 , 15 ],

reast [16] , liver [17] , or colorectal cancer [18] , has been studied. Lung
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Table 1 

Quality scale used to evaluate the different studies. 

Measured item Characteristic 

100–500 0 

500–1 000 1 

> 1 000 2 

Number of LC patients 50–100 0 

100–500 1 

> 500 2 

Adjustment for variables (number) 2 (age and sex) 0 

> 2 2 

Study design In-hospital case-control 0 

Population-based case-control 1 

Cohort 2 

AATD-LC No 0 

genotype distribution Yes 0 

Histological distribution in No 1 

AATD-LC cases Yes 1 

Total 10 

AATD: alpha-1 antitrypsin deficiency. LC: lung cancer. 
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ancer (LC) has a high incidence and mortality in developed countries.

iven the relationship of AATD with several lung diseases, it is of in-

erest to determine whether this genetic condition might be associated

ith a greater predisposition to develop LC and whether there might

e differences between smokers and non-smokers. Lung is the most af-

ected organ in adults with severe AATD and several studies have been

erformed to analyze the relationship between AATD and LC, with dif-

erent results. 

The main objective of this systematic review was to analyze the avail-

ble scientific evidence of the relationship between being a carrier of an

AT deficient genotype and the risk of developing LC. Secondary objec-

ives were to analyze the impact of AATD on the histological type and

he survival of patients with LC. 

ethods 

iterature search 

A literature search was performed in the Medline (PubMed),

ochrane Library, and EMBASE databases. To obtain the necessary in-

ormation, we implemented a predefined search strategy based on a

ombination of key words (alpha-1 antitrypsin and lung cancer), us-

ng both English and Spanish as search languages. The search period

overed from 1 January 1975 through 30 April 2020. 

nclusion and exclusion criteria 

We applied the following inclusion and exclusion criteria to select

he studies to be included in the systematic review: a) type of study de-

ign: case-control studies, cohort studies, systematic reviews and meta-

nalyses; b) patients’ characteristics: age ≥ 18 years and belonging to

he general population; c) sample size: ≥ 50 cases of LC and total sam-

le size ≥ 100 patients; d) AAT plasma levels and phenotype/genotype;

nd e) pathological diagnosis of LC and absence of a history of previous

eoplasms; f) quality of the study ≥ 5 points. 

We obtained the same information from each of the studies (fol-

owing the Preferred Reporting Items for Systematic Reviews and

eta-Analyses [PRISMA] clinical guidelines available at www.prisma-

tatement.org ) using a standardized procedure [19] . 

xtraction and synthesis of the information 

A data extraction table was created to extract the same information

rom each of the studies included in the review and assess their quality.

e were unable to perform a meta-analysis due to the heterogeneity of

he included studies. 

tudy quality assessment 

The full text of the included articles was read by two reviewers

RATP and MTD), and any discrepancy in the selection was resolved

y consensus. To evaluate the quality of the studies, we developed a

uality scale consisting of the following six items for which we set dif-

erent scores according to the characteristics of each study: sample size,

umber of patients with LC, adjustment for outcome variables, type of

tudy design, distribution by genotype, and distribution by histological

ype in patients presenting with both AATD and LC. By setting differ-

nt scores for each of the characteristics, we were able to create the

ontinuous numerical scale shown in Table 1 . 

esults 

earch results 

By applying the literature search methods described above, we iden-

ified a total of 282 studies of which only six finally met the inclusion
riteria. Fig. 1 outlines the detailed description of the study search and

nclusion process. 

Five studies had a case-control design, and the other one was a cohort

tudy. These studies were performed in the United States and Europe,

nd their sample size ranged between 530 and 3 441 patients, of which

86 to 1 856 had a diagnosis of LC. The most frequent causes of exclusion

ere the study quality (4), inclusion of neoplastic diseases other than

C (2), being conference papers (2), and the text language (2). 

ATD and risk of LC 

A description of the studies included in the review can be found in

able 2 . Yang et al. [20] analyzed the rate of carriers of AAT-deficient

henotypes among 260 LC patients compared with the rate of carriers of

his deficiency reported among the Caucasian population of the United

tates [21] . They found that 12.3 % of the patients (11.1 % smokers and

0.6 % never-smokers) were carriers of deficient phenotypes, and the

revalence of an AAT deficient phenotype rose to 15 % among the group

f patients with a diagnosis of both chronic obstructive pulmonary dis-

ase (COPD) and LC. The same authors carried out a study with a dual

ase-control design that included a total of 1 856 LC patients, 1 585

ommunity controls, and 902 siblings of the LC patients [14] . In this

tudy they found that the risk of developing LC among the carriers of

AT deficient phenotypes was significantly higher than that of the con-

rols (OR = 1.7; 95 % CI = 1.2 - 2.4) and the siblings of the LC patients

OR = 2; 95 % CI = 1.4 - 2.7). Topic et al. [15] performed a case - control

tudy in Serbia comparing the rate of carriers of AAT - deficient geno-

ypes in a sample of 186 LC patients and in a control group comprised

f 1 060 subjects. They found that 5.9 % of the LC patients versus 3.7 % of

he controls had AATD, without finding significant differences between

oth groups ( p = 0.055). In Spain, Torres - Durán et al. [22] performed a

ulticenter case - control study with never - smoking patients, including

12 cases of LC and 318 controls. They found an increased risk of LC

n subjects with a Pi ∗ SS genotype (OR = 4.64; 95 % CI = 1.08 - 19.92),

articularly in women (OR = 7.58; 95 % CI = 1.40 - 40.87) and subjects

ith environmental exposure to tobacco smoke at home for more than

0 years (OR = 12.10; 95 % CI = 1.18 - 123.77). 

ATD and histological type 

Yang et al. [20] found an association between AATD and the risk of

wo LC histological types: bronchoalveolar carcinoma (adenocarcinoma

istological subtype) and squamous cell carcinoma, with a carrier rate

f 23.8 % (37.5 % never - smokers; p = 0.015) and 15.9 % (16.1 % smokers;

 = 0.011), respectively. The increased risk of adenocarcinoma in carri-

rs AAT deficient alleles, particularly bronchoalveolar carcinoma (OR

http://www.prisma-statement.org
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Fig. 1. Diagram explaining the search and inclusion process. 
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 2; 95 % CI = 1.1 - 3.8) and squamous cell carcinoma (OR = 2.5; 95 %
I = 1.2 - 5.3), was confirmed in the subsequent study performed by the

ame research group [14] . Topic et al. [15] also identified an increased

isk of squamous cell carcinoma (OR = 4.51; 95 % CI = 1.66 - 12.29) in

arriers of PI ∗ MZ and PI ∗ MS genotypes. 

ATD and survival 

In a prospective cohort study, Li et al. [24] analyzed the survival of

atients with non - small cell lung cancer (NSCLC) associated with AATD.

his study included 1 321 LC patients (179 AATD carriers, of which

06 [59%] had a PI ∗ MS genotype, 44 [25%] a PI ∗ MZ genotype, and

9 [16%] another genotype) with a mean survival of 2.9 years in the

roup of AATD carriers (95 % CI = 2.3 - 4) and of 2.7 years in the group

f non - carriers (95 % CI = 2.4 - 3). Although they detected no difference

etween the survival rates of both groups (OR = 0.98; 95 % CI = 0.82 -
.18), they did observe a higher mortality associated with higher plasma
oncentrations of AAT ([AHR] for increments of 50 mg/dl = 1.15; 95 %
I = 1.11 - 1.21; p < 0.01). 

uality of the included studies 

The scores of the different studies ranged between 5 and 10 points,

ith a mean score of 7. The highest score was obtained by Li et al.’s

ohort study [24] , whose sample size was greater than 1 000 LC patients.

iscussion 

This is the first systematic review analyzing the relationship between

ATD and the risk of developing LC. The results of the studies included

n this review suggest that AATD may increase the risk of developing

C and be associated with the histological types adenocarcinoma and

quamous cell carcinoma. The authors of the only study analyzing the

mpact of the AATD on survival [24] found no differences based on the
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Table 2 

Characteristics of the studies included in the systematic review. 

Author Year Type of study N 

% of smokers 

with AATD-LC 

% of AATD in 

LC patients 

AATD-LC 

alleles- 

genotypes 

(%) % COPD-LC 

AATD-LC OR; 

95 % CI 

AATD-LC 

histological 

type (%) Score 

Yang et al. 

[20] 

1999 Case-control LC = 260 

Controls = U .S. 

white 

population 

78.1 12.3 9.2 % PI ∗ S 

2.3 % PI ∗ Z 

15 NS 23.8 % BAC 

15.9 % 

Squamous 

11.1 % ADC 

6 

Topic et al. 

[15] 

2006 Case-control LC = 186 

Controls = 1 
060 

90.9 5.9 4 % PI ∗ MZ 

1.6 % PI ∗ MS 

NS 4.51; 

1.66–12.29 

(Squamous) 

15.1 % 

Squamous 

4 % ADC 

7 

Yang et al. 

[14] 

2008 Case-control LC = 1 856 

Controls = 1 
585 Siblings- 

LC = 902 

NS 13.4 NS 38 Controls: 1.7; 

1.2–2.4 

Siblings LC: 

2; 1.4–2.7 

ADC: OR 2; 

1.1–3.8 

Squamous: 

OR 2.5; 1.2–2 

8 

Li et al. [24] 2011 Cohort LC = 1 321 84.8 13.5 8 % PI ∗ MS 

3.3 % PI ∗ MZ 

2.1 % Other 

(P ∗ MI, PI ∗ SZ, 

PI ∗ MNull) 

NS Survival 

analysis: 

0.98; 

0.82-1.18 

55.3 % ADC 

31.8 % 

Squamous 

10 

Enewold 

et al. [23] 

2012 Case-control LC = 203 

LC + COPD = 1 
18 

COPD = 145 

Controls = 317 

NS 10.8 COPD-NSCLC 

African- 

American: 

13.6% 

PI ∗ S/P ∗ Z 

Caucasian: 

12% PI ∗ S/PI ∗ Z 

NS 

NSCLC + COPD 

(African- 

Americans): 

7.39; 

1.03-53.21 

NS 5 

Torres-Duran 

et al. [22] 

2015 Case-control LC = 212 

Controls = 318 

0 30.2 21.1% PI ∗ MS 

3.8% PI ∗ MZ 

3.3% PI ∗ SS 

NS PI ∗ SS: 4.64; 

1.08–19.92 

Women 

PI ∗ SS: 7.58; 

1.40–40.87 

77 % ADC 

9.5 % 

Squamous 

6 

LC: lung cancer. AATD: alpha - 1 antitrypsin deficiency. N: sample size: NS: not specified. ADC: adenocarcinoma. BAC: bronchoalveolar carcinoma. 
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arrier state of AAT - deficient alleles, and even observed worse prognosis

nd survival rates associated with higher plasma levels of AAT. This

nding could be related with the AAT role as an acute phase reactant

25] . 

As defined by the World Health Organization (WHO), AATD is a rare

 < 5 cases/10,000 people) and clearly under - diagnose genetic condition

26] . This data, along with the known heterogeneity in the geographical

istribution of deficient genotypes [27] , is a key fact in the interpreta-

ion of the results of studies that have analized the association between

ATD and risk of LC. 

Torres-Duran et al. [22] , which study was carried out in the north-

est of Spain, where there is a high incidence of carriers of AAT deficient

lleles, especially PI ∗ S; found an association of lung cancer risk with the

omozygous PI ∗ SS genotype (OR = 4.64, 95% CI = 1.08–19.92). In Ser-

ia, Topic et al. [15] found that 11 patients from sample of 186 lung can-

er cases (5.9%) were AATD heterozygotes with moderate deficiencies

PI ∗ MZ and PI ∗ MS phenotypes). When compared with AATD heterozy-

ote frequency in Serbian healthy populations (3.7%), the difference

as close to the statistical significance ( p = 0.055). In this study, indi-

iduals with AATD phenotypes had as an increased risk of developing

quamous cell lung cancer than those with non-deficient AAT variants

OR = 4.51; 95 % CI = 1.66 - 12.29); consistent with the data described

n previous epidemiological studies [ 5 , 6 ]. However, other studies per-

ormed in geographical areas with a low prevalence of AAT deficient

lleles failed to demonstrate an association between AATD and the risk

f developing LC [28] . Ethnic differences can also have an impact on

he risk of developing LC, as demonstrated by Enewold et al., [23] who

bserved an increased risk of NSCLC in African - American patients with

ATD and a simultaneous diagnosis of COPD (OR = 7.39; 95 % CI =
.03 - 53.21), but not among the caucasian population. 

Several mechanisms have been described as the causes of this poten-

ial association. The protease/antiprotease imbalance associated with
oderate - severe AATD results in an increase in the proteolytic activity

f various serine proteases (neutrophil elastase being the most impor-

ant one), which leads to the generation of a cellular microenvironment

hat favors the molecular mechanisms of carcinogenesis and tumor pro-

ression, as previously described in the case of solid organ tumors such

s those of liver, bladder, or lung cancers [29] . In addition, the intra-

epatocyte polymerization of the PI ∗ Z allele and, to a lesser extent, the

I ∗ S allele; their structural alteration and reduced production, results

n a decrease in the circulating plasma levels of AAT that, added to the

olecular oxidation associated with exposure to tobacco smoke, acts

s an intermediary mechanism in the onset of pulmonary emphysema

29] and further increase in the risk of developing LC [30] . 

The studies with the largest sample size were those conducted in the

SA. The two studies carried out by Yang et al. [ 14 , 20 ]at the Mayo

linic (Rochester, Minnesota, USA) included over 2 000 cases of LC in a

eographical area with 2.45 % and 1.42 % of PI ∗ S and PI ∗ Z allele carriers,

espectively. These authors consistently observed an increased rate of

AT deficient alleles carriers in the LC patients group compared with

he general US white population (12.3 % vs. 7 % ; p = 0.002 [20] ) and they

ound a significantly increased lung cancer risk among carriers of these

eficient alleles compared with controls (OR = 1.7, 95 % CI = 1.2 - 2.4

14] ); however, none of the studies describe the distribution by deficient

lleles in patients with LC. Not being aware of the distribution of these

lleles limits the interpretation of the potential role and mechanisms of

ATD in the carcinogenic process in LC. 

The role of AAT in the survival of patients with different neoplasms

as been analyzed in several studies [ 31 , 32 ]. AAT is an acute phase re-

ctant (APR) and its plasma levels increase in response to the systemic

nflammatory states that arise in different types of neoplastic diseases.

his factor has been shown to be related to poorer survival rates in neo-

lasms such as pancreatic and breast cancers [ 32 , 33 ]. The results of

he study performed by Li et al. [24] . are similar for LC. These authors
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ound no differences in the survival of carriers and non - carriers of AAT -
eficient alleles (OR = 0.98; 95 % CI = 0.82 - 1.18), but did observe worse

urvival rates associated with higher plasma levels of AAT (AHR for in-

rements of 50 mg/dl = 1.15; 95 % CI = 1.11 - 1.21; p < 0.01) and in the

lood samples collected before starting treatment (AHR for increments

f 50 mg/dl = 1.39; 95 % CI = 1.19 - 1.63). Although we identified no

tudies analyzing the response of patients with LC and AATD to treat-

ent, we did find evidence of a worse response to chemotherapy among

atients with AATD and other types of malignancies, such as prostate

ancer or melanoma [34] . 

Not all of the studies analyzed the histological distribution among

he patients with LC and AATD, but those that did [ 14 , 15 , 20 , 22 , 24 ], found

n association of AATD with the adenocarcinoma and squamous cell

arcinoma histological types, although without being able to establish

 different onset mechanism other than the fact that they represent the

wo most frequent histological types present in the general population

35] . 

The main advantage of our review is that it includes studies carried

ut in different geographical areas, thus providing risk information of

nternational nature, including areas with different frequencies and dis-

ribution of the deficient AAT alleles. 

The main limitation of this review is the low quality and hetero-

eneity of the study designs, followed by the lack of a description of the

eficient alleles distribution and the histological type in the AATD and

C group. 

To conclude, AATD may increase the risk of developing LC, partic-

larly of squamous and adenocarcinoma types. This risk increases with

xposure to tobacco and previous diagnosis of COPD. The influence of

ATD on the survival of patients with LC has not been demonstrated.

he findings of this systematic review should be interpreted with cau-

ion given the low quality and the small number of included studies,

evertheless it represents the starting point for future research to con-

rm these results. In this direction, it would be useful to design a study in

ountries with a relative high prevalence of AATD, such as the countries

f Central and Western Europe, which would allow a better quantifica-

ion of this possible relationship with LC and to delve into the mech-

nisms responsible for the association of AATD with the histology of

quamous carcinoma and adenocarcinoma as well as providing more

nformation on the survival of patients with AATD and LC. 
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