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Lung emphysema and lung cancer: what do we know about it?
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Abstract: Emphysema and lung cancer (LC) are two diseases which share common risk factors, e.g.,
smoking. In recent years, many studies have sought to analyse this association. By way of illustration, we
conducted a review of the scientific literature of the studies published to date, whose main designated aim was
to demonstrate the relationship between emphysema and LC, and this association’s influence on the histology,
prognosis and molecular mechanisms responsible. We included over 40 studies (ranging from case-control and
cohort studies to systematic reviews and meta-analyses), which highlight the association between emphysema
and LC, independently of smoking habit. These studies also report a possible influence on histology, with
adenocarcinoma being the most frequent lineage, and an association with poor prognosis, which affects both
survival and post-operative complications. Oxidative stress, which generates chronic inflammatory status as
well as the presence of certain polymorphisms in various genes (CYP1AI, TERT, CLPTMIL, ERK), gives
rise—in the case of patients with emphysema—to alteration of cellular repair mechanisms, which in turn

favours the proliferation of neoplastic epithelial cells responsible for the origin of LC.
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Introduction Lung cancer (LC) is one of the most frequent neoplasms

. in both sexes and the cancer with the highest mortality
Emphysema is a form of pulmonary damage due to alveolar . . . .

) o r } ) worldwide, with a 5-year survival rate of approximately
wall destruction and dilation of the air spaces distal to the 15% (5). Epidemiological studies indicate an expected

rminal bronchioles (1). Progression of this anatomi . . . : :
te al bronchioles (1). Progression of this anatomic increase in the number of cases in the coming years, in

change leads to increases in lung volume, air trapping, association with the rise in the overall number of smokers

impaired gas exchange and hypoxemia (2). Although its around the world (6).

principal cause is exposure to tobacco smoke, there are also
genetic causes, such as alpha-1 antitrypsin deficiency (3).
Emphysema can sometimes present as chronic obstructive
pulmonary disease (COPD), currently the fourth leading
cause of death worldwide, with an estimated prevalence of
10% (4).
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Smoking habit is the principal risk factor for both
emphysema and LC, something that suggests the existence
of common disease development pathways (7). In patients
who are never smokers, however, exposure to residential
radon is the leading cause of LC (8), though to date it
has not been possible to show an association between
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this exposure and development of emphysema and/or
COPD. At present, computed tomography (CT) is the best
method for non-invasive detection of emphysema (9). Its
assessment can, in turn, be made by different techniques,
including direct visualisation by a radiologist or automated
analysis using software, though quantification by an expert
radiologist appears to be better when it comes to studying
its association with LC (10).

Accordingly, the aim of this review was twofold: to
describe existing scientific evidence of the relationship
between emphysema and LC, by examining the different
mechanisms responsible; and to ascertain whether this
relationship might influence the tumour’s histological
lineage and patients’ prognosis.

Emphysema and LC: search for an association
The beginning of the road

The study of LC risk among patients with pulmonary
emphysema is something that has been the subject of
ongoing research in recent years. As far back as 1997,
among 95 patients who underwent surgical resection of
bullae, without presence of nodules or pleural thickening
in the pre-operative CT scan, Venuta et /. (11) detected 4
patients (4.2%) with peripheral foci of large cell carcinoma.
On the basis of this result, the authors recommended
complete excision of the bullae and meticulous histological
examination of the surgical piece to rule out potential
neoplastic foci. On studying 129 smokers who underwent
pulmonary resection surgery for LC and comparing these
patients to 281 voluntary controls, Cantlay et a/. (12)
observed that the presence of a polymorphism of the
CYPIAI gene (metabolising enzyme that intervenes in
the activation of various carcinogens), consisting of the Ile
genotype in homozygosity, led to susceptibility to develop
LC in smokers with centriacinar emphysema (OR =2.45;
95% CI, 1.06-5.67), and that this association disappeared in
the absence of emphysema (OR =0.52; 95% CI, 0.16-1.77)
or where emphysema was panacinar (OR =0.91; 95% CI,
0.20-4.10).

Increasing the evidence

Kishi et al. (13) conducted a case-control study at the Mayo
Clinic (Rochester), aimed at ascertaining whether the
presence of emphysema or bronchial obstruction amounted
to an LC risk factor. Based on a sample of 1,520 participants
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in a year-long LC screening programme (inclusion criteria:
age >50 years with life expectancy >5 years; and history of
smoking with accumulated consumption of >20 packs-year,
or ex-smoker of less than 10 years, without use of oxygen
therapy) and using low-dose CT (LDCT) and quantitative
analysis (threshold of -900 HU to differentiate emphysema
from normal pulmonary tissue), they diagnosed 24 cases of
LC, with each case being matched with 4 controls adjusted
for sex, age and smoking habit (96 controls). In terms of
LC, they observed an association solely with presence of
bronchial obstruction with FEV1 (forced expiratory volume
in 1 second) <40% (OR =9.6; 95% CI, 1.5-60.1, P=0.016),
but not with presence of emphysema (OR =1.1; 95% CI,
0.6-1.9). The authors attribute their findings both to the
method employed to assess emphysema by the LDCT
chest scan used, and to the low attenuation threshold
(=900 UH) set for detection of emphysema. Schabath
et al. (14) examined the risk of different pulmonary diseases
(asthma, bronchitis, emphysema, allergic rhinitis and
pneumonia) in 1,553 patients with LC (85.1% smoking
habit) and 1,375 healthy volunteers (83.6% smoking habit)
in a case-control study undertaken in Texas from 1995 to
2003. The study included analysis of the polymorphisms
of 2 genes [matrix metalloproteinase-1 (MMP-1) with
polymorphism of the 1G and 2G alleles which act by
encoding the recognition sites of transcription factor
binding; and myeloperoxidase (MPO) with the A and
G alleles which participate in the different affinity for
binding to the SP1 transcription factor]. Of all the
respiratory diseases included, it was pulmonary emphysema
that displayed the strongest association with risk of LC
(OR =2.87; 95% ClI, 2.20-3.76), and within the group
with emphysema, it was those patients with MMP-1
genotypes 1G/1G + 1G/2G (OR =2.58; 95% CI, 1.63-4.09)
and 2G/2G (OR =4.45; 95% CI, 2.34-8.47) and MPO
genotypes G/A + A/A (OR =2.04; 95% CI, 1.19-3.49) and
G/G (OR =3.73; 95% CI, 2.24-6.21). de Torres et al. (10)
studied this association in a cohort of 1,166 participants
in an LC screening programme (inclusion criteria: age
>40 years; smoking habit of >10 packs-year; and absence of
symptoms of LC). Presence of emphysema was examined
by LDCT and assessed by two expert radiologists, with
emphysema being categorised into 4 groups [0-4], where 0
was equivalent to absence of emphysema, 4 was equivalent
to over 75% of pulmonary emphysema, and >1 was
established as the cut-off point for presence of emphysema.
The study protocol included spirometry and LDCT at
the date of inclusion, followed by an annual LDCT for
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5 years. Of the 23 cases of LC diagnosed, 17 presented
with emphysema in the LDCT, with 16 of these (94%)
displaying heterogeneous distribution and upper-lobe
predominance. Incidence of emphysema was 25 cases per
1,000 persons/year, and an increase in LC risk was observed
in patients with emphysema (OR =3.33; 95% CI, 1.41-7.85)
and bronchial obstruction (OR =4.83; 95% CI, 2.05-11.41),
with persistence of increased risk in the emphysema
group without bronchial obstruction (OR =4.33; 95% CI,
1.04-18.16) after adjustment for age, sex and smoking
habit, which indicates that emphysema is an LC risk factor
regardless of the presence of airflow obstruction.

Wilson ez 4l. (6) studied the presence of emphysema in a
cohort of 3,638 subjects in an LC screening programme (the
Pittsburgh Lung Screening Study/PLuSS). They included
subjects aged 50-79 years with a history of smoking
habit (>10 cigarettes/day for at least 25 years, without
performance of a CT in the preceding 12 months). LDCT
emphysema assessment was simultaneously performed by a
pneumologist, general radiologist and thoracic radiologist,
with emphysema being classified as minimal (<10%), mild
(10-25%), moderate (25-50%) or severe (>50%). A total
of 99 cases of LC (2.7%) were diagnosed, and the multiple
logistic regression analysis detected an association between
risk and presence of bronchial obstruction (GOLD I-1V,
OR =2.09 95% CI, 1.33-3.27) and pulmonary emphysema
(OR =3.56; 95% CI, 2.21-5.73), with it being noted
that this association did not change after adjustment for
GOLD class (OR =3.14; 95% CI, 1.91-5.15). Maldonado
et al. (15) conducted a case-control study, using 64 cases
of LC obtained from a cohort of 1,520 participants in an
LC screening programme [duration and inclusion criteria
similar to those used by Kishi ez 4/. (13)] and quantitative
measurement of emphysema by CT with a threshold
of -900 UH, and 377 controls adjusted for sex, age and
history of smoking habit. This study found an association
between risk of LC and severe airflow obstruction
(FEV1 <40) (OR =2.84; 95% CI, 1.09-7.38) but not
between risk of LC and emphysema (OR =1.042; 95%
CI, 0.816-1.329), and this absence of association was
maintained in cases of severe emphysema (>50%)
(OR =1.57; 95% CI, 0.73-3.37). The authors attribute the
absence of association with emphysema: on the one hand,
to the high number of women among the cases and controls
(62% and 61% respectively), unlike previous studies such as
those by Wilson et 4l. (6) with 48.6% women or de Torres
et al. (10) with 26%, in view of the lower prevalence of
emphysema in women than in men (16); and on the other
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hand, to the different methodology used for measurement
of emphysema (quantitative analysis vs. visual analysis on
CT). The absence of association in the group of men was
attributed to the negligible number of men included and
the ensuing low statistical power. Li et /. (17) conducted
a case-control study with 565 LC cases, and 450 controls
adjusted for sex, age, smoking habit, race and residential
area, drawn from an LC screening programme performed
at the Mayo clinic across the period 1999-2004 (18). CT
assessment of emphysema was performed by visual analysis,
with classification into 3 categories, namely, >0%, >5% and
>10% of pulmonary tissue with emphysema. An association
was found between emphysema and LC (OR =2.79; 95%
CI, 2.05-3.81), which grew stronger as the extent of
emphysema increased (>5% CT: OR =3.80; 95% CI, 2.78-
5.19; 210% CT: OR =3.33; 95% CI, 2.30-4.82) and as age
decreased (<65 years OR =4.62).

The role of radiology: measuring association

The importance of the method of CT detection and
measurement of emphysema was analysed by Gierada
et al. (19) in a retrospective study that included 279 cases
of LC and 279 controls, both participants in the National
Lung Screening Trial screening programme (20), with
a median follow-up of 6.6 years (0.9-7.2). Quantitative
measurement of emphysema (threshold -950 HU) and
the dimensions of the airway in the apical segments of the
right upper lobe showed that attenuation of emphysema
<-950 HU was associated with risk of LC (OR =3.41; 95%
CI, 1.78-6.94), and that there was no association between
risk of LC and airway dimension. In 2012, Smith ez 4/. (21)
published a systematic review and meta-analysis analysing
the risk of LC associated with CT-detected emphysema
(comparison between visual analysis and densitometry).
After application of exclusion criteria, 7 papers were
selected in the systematic review and 5 in the meta-analysis
which included 7,368 subjects. The results evidenced risk
of LC among patients with emphysema detected by CT
(OR =2.11; 95% CI, 1.10-4.04), particularly among those
with visual analysis (OR =3.50; 95% CI, 2.71-4.51) as
opposed to detection by densitometry (OR =1.16; 95% CI,
0.48-2.81).

Hohberger et al. (22) analysed the influence of the
distribution of emphysema in different pulmonary regions
and presence of pulmonary nodules (PN) with risk of
LC. They included 624 cases with malignant and 64 with
benign PN characteristics, both groups drawn from the
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database of the National Heart, Lung, and Blood Institute’s
Lung Tissue Research Consortium (LTRC) (23), and the
emphysema scores (0= none; 1= mild: 1-25%; 2= moderate:
26-50%; 3= marked: 51-75%; and 4= severe: >75%) were
analysed by semiquantitative CT analysis performed by
an expert radiologist. The authors showed that in cases
with presence of malignant PN, the probability of having
a severe emphysema score was higher (OR =1.32; 95%
CI, 1.11-1.62) than it was in localisations of benign PN
(OR =1.12; 95% ClI, 0.72-1.72). Malignant PN were more
frequently localised in the right lung (OR =1.46; 95% CI,
1.25-1.73), upper lobes and peripheral region (OR =3.71;
95% CI, 3.06-4.51). In a sample of 78 patients with LC,
Bae er al. (24) showed that risk of LC was higher in the
upper lobes (OR =1.77; 95% CI, 1.01-3.11, P=0.048) and
in pulmonary lobes with greatest emphysema severity, as
classified by automated CT analysis (OR =2.48; 95% CI,
1.48-4.15, P<0.001). Working along these same lines, Lim
et al. (25) analysed the relationship between CT-assessed
emphysema severity (classification into grades 0-4) and
localisation of LC (central or peripheral) in 405 LC cases
diagnosed across the period 2010-2014 (193 with diagnosis
of COPD). They found that in patients with association of
COPD and LC, the presence of high grades of emphysema
[3-4] (OR =0.69; 95% CI 0.51-0.92; P=0.016) and reduced
FEV1/FVC (forced vital capacity) ratio (<70%) was
associated with a low risk of central localisation of LC
(OR =0.94; 95% CI, 0.89-0.99; P=0.024), after adjustment
for age, smoking habit and spirometry. In contrast, patients
with low grades of emphysema [0-2] had a three- to four-
fold higher risk of central localisation of LC. In a sample of
62,124 participants, Henschke ez a/. (26) studied those who
had undergone a CT chest scan as part of an LC screening
programme (aged 40-90 years), and the distribution of
LC cases by history of smoking habit and presence of
emphysema. The group with the highest number of cases
was that of active smokers with presence of pulmonary
emphysema (OR =1.8; 95% CI, 1.4-2.2), and the
association between risk of LC and presence of emphysema
was likewise maintained in ex-smokers (OR =1.7; 95% CI,

1.3-2.2) and never-smokers (OR =6.3; 95% CI, 2.4-16.9).

The impact of the diagnosis of COPD

Koshiol et al. (27) conducted a case-control study based
on a sample of subjects drawn from the Environment
and Genetics in Lung Cancer Etiology (EAGLE) (28)
screening programme, with inclusion of 2,100 cases and
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2,120 controls: of this total, 1,934 cases and 2,108 controls
reported prior diagnosis of different chronic respiratory
diseases (chronic bronchitis, emphysema, COPD). After
adjustment for smoking habit (83.2% cases and 67.9%
controls), an association was found between L.C and
diagnosis of chronic bronchitis (OR =2; 95% CI, 1.5-2.5),
emphysema (OR =1.9; 95% CI, 1.4-2.8), and COPD
(OR =2.5; 95% CI, 2-3.1). Wang et al. (29) carried out a
case-control study and meta-analysis in south-east China
with 1,069 cases of LC and 1,132 controls. An association
was found, after adjustment for age, sex, family history
of smoking habit, body mass index and smoking habit,
with previous diagnosis of COPD (OR =1.29; 95% CI,
1-1.68) and emphysema (OR =1.55; 95% CI, 1.03-2.32).
This association was stronger in the group of smokers
(OR =1.76; 95% CI, 1.07-2.90). In this same study, asthma
was described as an LC risk-reduction factor (OR =0.29;
95% CI, 0.16-0.53). The meta-analysis included 35
studies (22,010 cases and 44,438 controls) with evidence
of association in COPD (OR =2.76; 95% CI, 1.85-4.11),
emphysema (OR =3.02; 95% CI, 2.41-3.79) and chronic
bronchitis (OR =1.88; 95% CI, 1.49-2.36).

In 2016, Mouronte-Roibds et a/. (30) performed a
systematic review focusing on the relationship between
COPD, emphysema and LC. Eleven studies (1 meta-analysis,
8 cohort studies, and 2 case-control studies) were included,
showing an increase in risk of LC in patients with emphysema.
This risk increased with higher tobacco use (increases
of 0.6% for >30 packs-year, 1.6% for 30-60 packs-year,
and 2.8% for persons consuming >60 packs-year).
The studies covered by this review included one published
by Sanchez-Salcedo et 4l. (31), which studied the relevance
of using emphysema as an LC risk factor, in addition to
the criteria for selecting patients from the National Lung
Screening Trial (NLST) in 2 LC screening programmes
[the Pamplona International Early Lung Cancer Action/
P-IELCAP (32) with 3,061 participants, and the PLuSS (33)
with 3,638 participants]. They found that, if NLST criteria
alone had been used, as many as 39% of all LC cases would
not have been diagnosed, and that when emphysema was
added to the NLST criteria, the detection rate of incident
cases of LC rose (88% and 95% of the LC incidence rate
in the P-IELCAP and PLuSS respectively), despite a
52% reduction in the number of patients being included
for screening. This same group, Sanchez-Salcedo ez 4.,
reported the results of 14 years of experience of the
P-IELCAP screening programme. Across this period,
60 LCs were diagnosed in 53 of the 2,989 participants,
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60% of whom presented with emphysema on LDCT.
COPD and emphysema were significant risk factors for LC
(HR 4.52; 95% CI, 2.50-8.18, P<0.001 and HR 4.52; 95%
Cl, 2.56-7.95, P<0.001, respectively) (34).

Zhang et al.’s meta-analysis (35) included 18 prospective
cohort studies with 12,442 cases of LC and a mean
follow-up of 5 years (range, 1.5-20 years), and showed
an association between risk of LC and COPD [summary
relative risk (SRR) =2.06; 95% CI, 1.50-2.85, n=4 studies]
and emphysema (SRR =2.33; 95% CI, 1.56-3.49, n=4
studies). Aamli Gagnat et 4/. (36) studied the amount of
emphysema and airway wall thickness in quantitative CT,
and analysed whether this was related to a higher risk
of cancer: quantitative chest CT scans and spirometry
performed on 947 subjects with history of smoking habit
drawn from the GenKOLS study (37) showed that risk
of cancer increased with greater emphysema severity
[low attenuation area (LAA) >10%: OR =3.33; 95% ClI,
1.04-10.61 for LC, and OR =2.10; 95% CI, 1.14-3.87 for
non-pulmonary cancer] but not with airway wall thickness
(OR =0.39; 95% CI, 0.12-1.29 for LC, and OR =0.82; 95%
CI, 042-1.59 for non-LC).

Type of emphysema and risk of LC

Mouronte-Roibis et a/. (38) analysed the relationship between
type of emphysema and risk of LC in a study that included
169 cases of LC and COPD plus 74 controls, they found
that presence of paraseptal emphysema and COPD increased
the risk of LC (OR =2.17; 95% CI, 1.09-4.30; P=0.03). In
contrast, in a sample of 72 consecutive LC cases sourced
from the Navarre University LC screening programme
(Spain) with 3,477 participants, Gonzilez et al. (39)
detected that risk of LC was associated with presence
of airflow obstruction (OR =2.8; 95% CI, 1.6-5.2) and
centrilobular emphysema (OR =34.3; 95% CI, 25.5-99.3),
and that this risk decreased when associated with paraseptal
emphysema (OR =4; 95% CI, 3.6-34.9). In a case-control
study comprising 2,283 LC cases and 2,323 controls, with
detection of COPD in 32.8% of patients in the LC group,
Wang er al. (40) found an association between risk and
diagnosis of COPD (OR =2.88; 95% CI, 2.48-3.14), and
in the case of the phenotype, between risk and presence of
emphysema (OR =4.43; 95% CI, 2.85-6.88, P<0.001), after
adjustment for smoking habit.

Table 1 shows the main studies that analyse the
emphysema-LC risk relationship. Figure 1 shows a chart
depicting the different mechanisms responsible for the
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origin of LC in patients with emphysema.

Emphysema and LC: mechanisms implicated

The physiopathological mechanisms proposed to explain
risk of LC in the presence of emphysema were initially
described by reference to the association with smoking
habit. Exposure to tobacco smoke causes a situation of
oxidative stress, with production of various mediators
(TGF-B, EGRE, IL-1-IL-8 and G-CSF) that bring about
a state of chronic inflammation and peripheral airway
obstruction. This alteration gives rise to the phenomena
of epithelial lesion and DNA damage, which cannot be
remedied by genetic cellular repair mechanisms and result
in neoplastic proliferation (41). Another possible pathway
would be via dysfunction of mucociliary clearance, which
is caused by emphysema and facilitates accumulation of
carcinogens in areas without clearance, thereby favouring
tumour growth at this level (17).

Investigation has focused on a number of genetic
mechanisms that might be implicated in the association
between pulmonary emphysema and LC. Alpha-1
antitrypsin is a glycoprotein which is mainly produced in
the liver with antiprotease activity and whose deficiency
is closely related to early development of pulmonary
emphysema, especially in smokers: its association with
higher risk of LC has also been described (42,43). Other
genetic pathways have been investigated, such as the case
of a mutation in the CYPIA1 gene, which was analysed by
Cantlay er al. (12) in surgical specimens of patients with
emphysema and LC, showing that the presence of the
Ile genotype in homozygosity was associated with higher
risk of LC (OR =2.03; 95% CI, 1.10-3.73). Glutathione
S-transferase M1 deletion (44) and its relationship with
centriacinar and panacinar emphysema has also been
studied in 168 cases of LC. Similarly, variation in the locus
15q24/25 of the nicotinic acetylcholine receptor gene
(nAChR) (45) or in the locus (5p15.33) of the TERT and
CLPTMIL genes (46) has been associated with greater
emphysema severity and risk of LC.

Lusk et al. (47) established the different genetic profiles
of patients with LC by reference to the specific emphysema
subphenotype, while activation of the ERK (extracellular
signal-regulated kinase) oncogene has also been described as
a nicotinic acetylcholine receptor (48). Rosas-Alonso et al. (49)
analysed the effect of hypermethylation of microARN 7
(miR-7) (anti-oncogenic action) in a prospective study
that included 30 smokers without airflow obstruction and
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Table 1 Characteristics of the main studies that analyse the direct relationship between emphysema and lung cancer

Author, journal, ) Emphysema Emphysema in ) Pulmpnary Emph}/s.ema-LC

car Design measurement LC/No LC. % Histology function-LC, association, OR
y » 70 OR(95% Cl)  (95% CI)
Kishi et al., ERJ, Case-control Low-dose CT 24 cases; 10.6+£8.2/9.9+8.6  58.3% ADC; FEV1 <40%; 9.6;1.1 (0.6-1.9)
2002 (quantitative 96 controls 25% squamous  (1.5-60.1)

analysis)
de Torres etal.,  Cohort Low-dose CT 23LC; 1,166 73.9/28.6 58% ADC 4.83 3.33 (1.41-7.85)
Chest, 2007 (visual analysis) participants (2.05-11.41)
Wilson et al., Cohort Low-dose CT 99 1LC; 3,638 75/40 ND GOLD I-lv; 3.14 (1.91-5.15)
AJRCCM, 2008 (visual analysis) participants 2.09 (1.48-5.53)
Maldonado et al., Case-control CT (quantitative 64 LC; 8.8+10.2/8.3+11.5 53% ADC; FEV1 <40%; 1.04 (0.82-1.33)
Chest, 2010 analysis) 377 controls 21% squamous 2.84 (1.09-7.38)
Li et al., CPR, 2011Case-control CT (visual 565 LC; 450 76.99/60 45.8% ADC; ND >10%; 3.33
analysis) controls 28.1% squamous (2.30-4.82)
Gierada et al., Cohort CT (quantitative 279 LC; 12.1/3.5 ND ND 3.41 (1.78-6.94)
Radiology, 2011 analysis) 279 participants
Koshiol et al., Case-control CT (EAGLE 2,100 LC; 89.3/97 54.3% ADC; ND 1.9 (1.4-2.8)
PLoS One, 2009 study protocol) 2,120 controls 10.9% squamous
Wang et al., PLoS Case-control CT (method not 1,069 LC; 7.2/3.9 ND ND 1.55 (1.03-2.32)
One, 2012 reported) 1,132 controls
Sanchez-Salcedo Cohort Low-dose CT  P-IELCAP P-IELACP =24%; 55% ADC; ND P-IELCAP =7.27
et al., AJRCCM, (visual analysis) =3,061; PLUSS =43%* 22% squamous (5.57-9.50);
2015 PLuUSS =3,638 PLuUSS =5.80
(4.75-7.08)
Mouronte-Roibas Case-control CT (quantitative 139 LC; 100/100 41.2% ADC; ND 217
etal., IJC, 2018 analysis) 56 controls 34.5% squamous (1.095-4.301)**
Gonzélezetal.,  Case-control Low-dose CT 72 LGC; 81.9/41.8 50% ADC; Airflow 34.3
PLoS One, 2018 (visual analysis) 215 controls 20.8% squamous obstruction (25.5-99.3)**
2.8 (1.6-5.2)

Wang et al., IJC, Case-control CT (visual 2,283 LGC; ND 49.1% ADC; COPD 4.43 (2.85-6.88)

2018 analysis) 2323 controls

34.7% squamous

*, percentage of absolute emphysema in each study (P-IELCAP and PLuSS); **, association with paraseptal emphysema;

with centrilobular emphysema. ADC, adenocarcinoma; ND, no data.

136 patients with COPD without evidence of LC. They
observed a higher miR-7 hypermethylation value in patients
with COPD and emphysema (27.1%+10.2%), as compared
to patients with exacerbator phenotype (19.4%+9.9%,
P=0.004), chronic bronchitis (17.3%+9%, P=0.002) or
asthma-COPD overlap (ACO) (16%=7.2%, P=0.01), after
adjustment for clinical parameters and differences between
phenotypes. Accordingly, the authors concluded that the
presence of greater hypermethylation of miR-7 in patients
with COPD and emphysema might account for the higher
risk of LC in such patients.

© Annals of Translational Medicine. All rights reserved.
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Emphysema and LC: influence on histology?

There is no information available on the histology of LC
in many of the studies that have investigated risk of LC
in patients with emphysema, and those that do report this
information do not always indicate the distribution of
histological types by presence or absence of emphysema.
In Kishi et al.’s study (13) the most frequent histology
was adenocarcinoma in 14 cases (58%), followed by
squamous carcinoma in 6 (25%) (24 LC in all). de Torres
et al. (10) included 17 cases with emphysema and LC;
the most frequent lineage—with 10 cases (58%)—was
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Figure 1 Description of the cascade of genetic and molecular mechanisms involved in the genesis of lung cancer in patients with

emphysema.

adenocarcinoma. Maldonado et 4/. (15) included 64 LC
cases with adenocarcinoma (53 %) and squamous carcinoma
(21%), as representing the most frequent histologies.
Similarly, Li et al. (17) based their study on 565 cases,
among which 259 (45.85%) were adenocarcinoma and 159
(28.14%) were squamous carcinoma. Smith ez a/.’s study (50)
analysed the relationship between emphysema and different
histologies in LC. It included 498 consecutive cases of LC
across the period 2001-2009: overall, the most frequent
lineage was adenocarcinoma (49%) followed by squamous
carcinoma (14%). After adjustment for age, sex, COPD
and smoking habit, presence of emphysema was solely
associated with risk of squamous carcinoma (OR =2.6; 95%
CI, 1.4-4.8). Hohberger er al. (22) reported that of the total
of LC cases (n=613), 98% were non-small cell LC, without
furnishing specific data on histological lineage.

According to Lim ez al. (25), the most frequent histology
in the LC group with COPD was squamous carcinoma
(50%), followed by adenocarcinoma (27.3%), while in
the group without COPD, the most frequent histology
was adenocarcinoma (69.1%) followed by squamous
carcinoma (17.4%). Shin ez al. (51) studied histological type
in peripherally localised LC in 230 patients [2013-2015]
with CT-detected pulmonary emphysema and airflow
obstruction, among whom the most frequent histological
type in peripheral areas without emphysema was
adenocarcinoma (58%), whilst in areas with emphysema it

© Annals of Translational Medicine. All rights reserved.

was small cell carcinoma (61%) after adjustment for age,
sex, smoking habit and FEV1. In Mouronte-Roibés et al.’s
study (38), the most frequent histology associated with
presence of paraseptal emphysema was adenocarcinoma
(67.2%), as was the case in Gonzilez et al’s study (39), with
an adenocarcinoma frequency of 50%. Wang et al’s (40)
found an association between the emphysema phenotype
and the squamous (OR =1.73; 95% CI, 1.03-2.89) and small
cell (OR =3.74; 95% CI, 1.64-8.53) lineages.

Emphysema and LC: prognosis

With the aim of establishing the prognosis of patients with
emphysema and LC, the different papers focus not only
on overall survival, but also on the prognosis after different
forms of treatment. Hence, Pompeo et al.’s study (52), which
analysed survival in 16 patients with stage I non-small cell
LC and severe emphysema who underwent surgery, detected
improvement at 24 months in dyspnea, FEV1, residual
volume, and distance walked in the 6-minute walk test.
Survival was similar to that of patients without LC undergoing
lung volume reduction surgery (LVRS) (68% wvs. 82%,
P=non-significant). Subsequently, Martin-Ucar et /. (53)
studied the prognosis of surgical resection by lobectomy and
mediastinal dissection in 118 cases of stage I non-small cell
LC across a period of 8 years [1997-2005]. Patients were
classified into two groups by presence of heterogeneous

Ann Transl Med 2020;8(21):1471 | http://dx.doi.org/10.21037/atm-20-1180
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emphysema of apical distribution: a group of 27 patients
with predicted postoperative forced expiratory volume in
1 second (ppo FEVI1 <40%), who would be suitable for
LVRS but not for lobectomy according to guidelines, and
a control group of 91 patients with ppo FEV1 >40%, who
would be suitable for lobectomy. Both groups had a mean
follow-up of 57 months with differences in survival at 5 years
(11% in the LVRS group and 5% in the control group,
P=0.001), showing lobectomy to be a safe technique, even
in patients with more severe and higher-risk emphysema.
Lee ez al. (54) studied survival in 237 cases with stage I or
IT non-small cell LC who underwent surgical treatment,
with presence of emphysema in 43.4%. In this study, the
patients without emphysema survived longer than did those
with emphysema (mean 51.2+3.0 vs. 40.6+3.1 months,
P=0.042), with the multivariate analysis showing emphysema
to be a mortality risk factor (OR =1.261; 95% CI,
0.748-2.125; P=0.384). Similarly, when Bishawi et al. (55)
examined the relationship between visually assessed
emphysema severity on the one hand and LC localisation
and 5-year survival on the other, they detected the highest
LC risk and worst survival in areas of greatest emphysema
severity. Kawakami et 4. (56) too reported a relationship
between 3D CT identification of emphysema and risk of
postoperative complications (P=0.006). This mortality risk
is also seen in the association between emphysema and
airflow obstruction (57). Kim ez 4/. (58) identified advanced
risk of squamous carcinoma mortality due to presence of
emphysema (HR =2.06; 95% CI, 1.24-3.41; P=0.005).

Gullon er al. (59) analysed the prognoses in 353 cases
of non-small cell LC and 110 cases of emphysema, and
identified emphysema as an independent mortality risk
factor (HR =1.49; 95% CI, 1.11-2.01). Zulueta et al. (60)
studied risk of death in patients with COPD and LC by
reference to presence of emphysema in a sample of 9,047
subjects who underwent low-dose CT: emphysema was
detected in 2,637 patients (29%), and proved to be a
predictive factor of mortality in COPD (HR =9.3; 95% CI,
4.3-20.2; P<0.0001) and LC (HR =1.7; 95% CI, 1.1-2.5;
P=0.013) after adjustment for age and smoking habit.

Gao et al. (61) performed a meta-analysis of 7
observational studies, finding evidence of worse overall LC
survival in the presence of emphysema (HR =1.66; 95% CI,
1.25-2.22). This finding was likewise reported by Oelsner
et al. (62) using CT-based detection of emphysema, and
in addition to the higher risk of LC mortality (HR =1.84;
95% CI, 1.09-3.12), was also reported for other respiratory
diseases (HR =2.94; 95% CI, 1.68-5.15).

© Annals of Translational Medicine. All rights reserved.
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Dai er al. (63) included 1,073 patients for surgical
treatment of LC, dividing them into 3 groups, two by
presence (n=565) or absence of emphysema (n=435), and
a third categorised as non-surgical (n=73). They detected
worse results in pulmonary function, dyspnea and survival
in the group with emphysema (HR =1.73; 95% CI,
1.23-2.44). Insofar as microcytic LC is concerned, Lee
et al. (64) reported that presence of emphysema measured
semiquantitatively on CT was associated with worse
prognosis in 149 cases of microcytic LC (HR =1.85; 95%
CI, 1.14-3; P=0.012). In a recent retrospective study,
Lim er al. (65) analysed the differences in radiological and
pathological characteristics by presence of emphysema in a
group with diagnosis of COPD and LC with histology of
adenocarcinoma. They included 216 smokers, 102 of whom
had diagnosis of COPD. The authors found that presence
of emphysema was associated with a higher degree of
histological aggressiveness (P=0.006) and solid mass lesions
on CT (P<0.001). After adjustment for sex, age and smoking
habit, presence of emphysema maintained an association
with greater histological aggressiveness (OR =3.44; 95% CI,
1.12-10.56; P=0.03) and a higher frequency of solid lesions
(OR =6.19; 95% CI, 1.80-21.25; P=0.004) vis-d-vis the
group without emphysema. Presence of emphysema was also
associated with worse median survival (37 vs. 57.5 months,
P=0.038).

Future lines of research

Despite growing evidence of the association between
emphysema and LC, there are still unresolved aspects,
stemming in part from the methodology used by the
various studies. Hence, the different ways of measuring
radiological emphysema (visual or automated), along with
the different HU limits set for its detection, interfere with
the emphysema detection rate and could thus influence the
overall interpretation of results of studies that analyse its
relationship with LC. The lack of studies that compare the
risk of LC between groups having emphysema with COPD
and emphysema without COPD is a line of research to be
developed, in order to establish the role of emphysema as
an independent risk factor for LC , without being associated
with COPD, as is often the case.

Conclusions

In conclusion, emphysema is an independent risk factor
for LC. This risk increases with higher rates of cigarette
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smoking. Pulmonary areas with greatest CT-assessed
emphysema severity are associated with highest risk.
The most frequent histological lineage in patients with
emphysema and LC is adenocarcinoma, and the coexistence
of emphysema and LC is associated with lower survival
and higher risk of post-operative complications after LC
surgery. Lastly, there are multiple potential pathways
implicated in this association, though in all cases through
chronic inflammatory status and anomalous cellular repair,
which, along with polymorphisms in various genes, serve to
trigger carcinogenesis.
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