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Abstract: Lung cancer and chronic obstructive pulmonary disease (COPD) are two intimately related diseases,
with great impact on public health. Annual screening using low-dose computed tomography (LDCT) of the chest
significantly reduces mortality due to lung cancer, and several scientific societies now recommend this technique.
COPD, defined by the presence of airflow obstruction [forced expiratory volume and forced vital capacity (FVC)
ratio less than 0.70], and their clinical phenotypes, namely emphysema and chronic bronchitis, have been associated
with increased lung cancer risk. Several epidemiological studies, including lung cancer screening trials, have
found a 2- to 4-fold increase in lung cancer risk in patients with COPD when compared to individuals without
airflow obstruction. Part of the risk attributed to airflow obstruction appears to be derived from the presence of
radiographic emphysema. The latter has proven to be an important lung cancer risk factor in smokers without
airflow obstruction and even in never smokers. This evidence supports the idea of including patients with COPD
and/or emphysema in lung cancer screening programs. There is evidence that lung cancer screening in this
population is effective and can potentially reduce mortality. Specific lung cancer risk scores have been developed
for patients with COPD [COPD lung cancer screening score (LUCSS) and COPD-LUCSS-diffusing capacity
for carbon monoxide (DLCO)] to identify those at high risk. A multidisciplinary approach for an adequate patient
selection, especially of patients with severe disease, is key to maximize benefits and reduce harms from lung cancer
screening in this population. Patients with COPD included in lung cancer screening programs could also benefit

from other interventions, such as smoking cessation and adequate treatment.
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Introduction worldwide, with more deaths from lung cancer than from
colon, prostate and breast cancer together (2,3). It is

Lung cancer and chronic obstructive pulmonary disease estimated that by 2030 it will still be one of the main causes

(COPD) are two major public health problems. Data from

of death due to the fact that lung cancer diagnosis is usually
the Global Burden of Disease Study 2013 states that lung

made at an advanced stage (4).

cancer and COPD are among the six non-communicable COPD is the leading cause of death among chronic

leading causes of years of life lost globally, especially in
developed and high-income countries (1). Lung cancer
is the leading cause of death from malignant disease
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respiratory diseases, causing 6 times more deaths than
asthma or interstitial lung diseases (1). This number
could be even higher owed to the fact that COPD is often
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an underdiagnosed disease (5). In almost every country
lung cancer is within the top leading causes of death and
COPD is closely positioned (1). This is no coincidence, as
several epidemiological studies have observed an important
association between these two diseases and various
mechanisms to explain this relationship has been proposed.
Chronic inflammation due to tobacco exposure and lung
repair mechanisms in COPD patients appear to be key
features for lung cancer development (6).

Lung cancer screening with low-dose computed
tomography (LDCT) of the chest has emerged in the las
few years as a technique that could improve the burden
of lung cancer. The International Early Lung Cancer
Action Program (I-ELCAP) demonstrated that using
LDCT to screen for lung cancer following a standardized
protocol could detect up to 85% of lung cancers in clinical
stage I (7). Moreover, the National Lung Screening Trial
(NLST) further demonstrated that lung cancer screening
with LDCT significantly reduces lung cancer mortality (8).
Both studies highlight the value of lung cancer screening
and served as fundamental evidence for the positive
recommendation for screening issued by the United States
Preventive Services Task Force (USPSTF) (9).

Screening programs are most effective when high risk
populations are targeted. There is plenty of evidence that
points to COPD as an important risk factor for lung cancer
(10-14). In this review we present the current available
evidence linking both diseases as well as the role of lung
cancer screening in this high-risk population.

Physiopathology and mechanisms

Various mechanisms have been proposed to explain the
association between COPD and lung cancer. These
mechanisms include genetic susceptibility, deoxyribonucleic
acid (DNA) damage and repair, epigenetics, downregulation
of specific microRNA, expression of pro-inflammatory
genes induced by hypoxia, tumor growth factor-B and
integrins, telomere length and dysfunction, and immune
adaptive responses (15-19). There is no definitive
explanation for the association, and interactions between
many of them are presumably present. It is not the purpose
of this review to thoroughly discuss these mechanisms, and
we suggest the reader to address the appropriate sources.

COPD, emphysema, and lung cancer risk

The association between COPD and lung cancer was first
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described in the 1980’s by Skillrud et 4/. (10) and Tockman
et al. (11), when a 4-fold increase in lung cancer incidence
and mortality, respectively, was described in patients with
airflow obstruction. Since then, many cohort studies,
including lung cancer screening trials, have demonstrated
that patients with COPD have 2-4 times greater risk of
incident lung cancer when compared to those who do not
have COPD (12-14,20). This greater risk prevails even after
controlling for smoking exposure. The timing of COPD
diagnosis also appears to be important. In a sample of
almost 12,000 incident lung cancer cases, where 23% had
a prior diagnosis of COPD, the risk of lung cancer among
patients diagnosed of COPD within 6 months of the lung
cancer diagnosis was 2-3 times higher than those diagnosed
of COPD more than one and more than ten years before,
respectively (21).

Several studies have assessed the risk between the
degree of airflow obstruction and lung cancer, but results
have been contradictive. Using data from the Body mass
index, Airflow obstruction, Dyspnea, Exercise performance
(BODE) observational cohort of patients with COPD, de
Torres et al. described a higher risk of incident lung cancer
in patients with mild and moderate airflow obstruction (HR
3.05; 95% CI: 1.41-6.59, and HR 2.06; 95% CI: 1.01-4.18,
respectively) (22). Similarly, in the Pamplona subcohort of
the International Early Lung Cancer Detection Program
(P-IELCAP), 94% of the patients with COPD diagnosed
with lung cancer had spirometric global initiative for chronic
obstructive lung disease (GOLD) grades 1 and 2 (23).
These results contrast with those from other studies. In the
Pittsburgh Lung Screening Study (PLuSS) (13) and in the
National Health and Nutrition Examination Survey (24),
the risk for incident lung cancer was almost 3-fold greater in
patients with moderate to very severe airflow obstruction as
compared to patients with mild COPD.

The association between impaired lung function and
the risk of lung cancer has been confirmed in a recent
meta-analysis. Compared with the highest quintile of
forced expiratory volume in one second (FEV1 >100%
predicted), the lowest quintile of FEV1 (<~70% predicted)
was associated with a 2- and almost 4-fold increase in lung
cancer risk in men and women, respectively (25). In patients
with COPD, a reduced FEV1, as small as 90% predicted,
was associated with more than 2-fold increase in lung cancer
risk (26).

The evidence presented so far has focused on spirometric
defined COPD, i.e., FEVI and forced vital capacity
(FVC) ratio less than 70%, and includes individuals who
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have chronic bronchitis and/or emphysema. The use of
computed tomography has allowed physicians to assess the
presence emphysema in patients with COPD. de-Torres
and colleagues analyzed the impact of emphysema presence
on LDCT on lung cancer risk (12). Lung cancer incidence
density in individuals with emphysema was 3 times higher
than in those without emphysema. Even in patients without
airflow obstruction, the presence of emphysema increased
the risk of incident lung cancer 4-fold (RR 4.33; 95% CI:
1.04-18.16) (12). Interestingly, when airflow obstruction
and emphysema were included in a single regression model,
only emphysema remained as an independent risk factor for
lung cancer, suggesting that part of the risk attributed to
spirometric defined COPD could be due to the presence of
emphysema. In PLuSS, Wilson and colleagues obtained the
same results (13).

The importance of emphysema has also been assessed in
non-smoking populations. In a population of almost 500,000
nonsmokers who were followed for a 20-year period,
lung cancer mortality was significantly associated with
emphysema (HR 1.66; 95% CI: 1.06-2.59) (27). Similarly,
the I-ELCAP group compared the impact of emphysema
on lung cancer prevalence in current, former and never
smokers who underwent lung cancer screening (28).
A surprising fact of this study was that lung cancer
prevalence in smokers (current or former) with emphysema
was similar to that found in never smokers with emphysema
(2.1% and 2.6%, respectively, P=0.61). The odds ratio for
lung cancer prevalence in nonsmokers with emphysema
was 6-fold greater when compared to nonsmokers without
emphysema (28).

Evidence regarding the severity of emphysema and
lung cancer risk is not consistent. In PLuSS, Wilson
and colleagues found that lung cancer risk was higher
for individuals with mild emphysema, followed by those
who had moderate-severe, and traces of emphysema,
respectively (13). Similarly, Li and colleagues (29) found
that lung cancer risk did not increase with more extense
empshyema (OR 3.33; 95% CI: 2.30-4.82, and OR 3.80;
95% CI: 2.78-5.19, for 210% and >5% emphysema,
respectively). On the other hand, Zulueta ez 4/. did find a
linear trend between emphysema severity and lung cancer
mortality, but the association was only significant for
marked emphysema (30). These results contrasts to those
from Maldonado et 4/. (14) and Kishi ez . (31) where no
significant associations between emphysema and lung
cancer risk were found. A possible explanation for these
contradictive results can be found in the methodology used
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to determine the presence and the amount of emphysema.
While the latter two studies used automated emphysema
quantification, the first two relied on visually assessed
emphysema. In this regard, in a meta-analysis by Smith
et al., only visually determined emphysema on CT was
independently associated with an increased lung cancer
risk (32).

The presence of emphysema around the region of a
tumor has also been subject of study. Studies coincide in
the fact that lung cancer develops more often in areas of the
lung with more emphysema. Bishawi and co-workers found
a strong association for cancer being located in the area
with the highest degree of emphysema, usually being the
right upper quadrant (33). Using data from the Lung Tissue
Research Consortium, Hohberger and colleagues found
that the odds of having a more severe emphysema score in
the location of lung cancer was 1.34 (95% CI: 1.11-1.62),
once again, more frequently in the right upper lobe (34).
In a more recent study, Kinsey and colleagues used an
automated densitometric analysis for the measurement of
emphysema (Airway Inspector Software) to assess whether
emphysema in the region where the tumor occurs results in
larger tumors (35). The mean difference in tumor diameter
between the lower and upper quartiles of emphysema was
0.7 cm (21%), and increasing emphysema in the region of
the tumor was significantly associated with a worse overall
survival (for each 10% increase in peritumoral emphysema
score, there was a 30% increase in the hazard of death).

It is worth saying that the risk of lung cancer is the
greatest when both airflow obstruction and emphysema
coexist. Lung cancer incidence density per 1,000 person-
years of follow-up was almost 2-fold greater in participants
with both diseases when compared to participants who had
either one of them (12). In PLuSS, for a same degree of
airflow obstruction, the presence of emphysema increased
the odds ratio of having lung cancer (13).

Finally, the association between chronic bronchitis and
lung cancer has also been assessed. Pooled analyses from
the International Lung Cancer Consortium (36) and the
SYNERGY Project (consortium of international lung
cancer case-control studies) (37), have described significant
associations between chronic bronchitis and lung cancer.
In the former, based on data from 13 studies, a previous
diagnosis of chronic bronchitis was associated with a 47%
increase in lung cancer risk overall (RR 1.47; 95% CI: 1.29-
1.68). The risk was slightly higer in ever smokers (RR 1.63;
95% CI: 1.40-1.89) (36). In the latter study, this association
was only significant in males (OR 1.33; 95% CI 1.20-1.48
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vs. OR 1.12; 95% CI: 0.92-1.35 in women) (37).

The evidence so far shows significant associations
between lung cancer and spirometric defined COPD,
including each of their classical phenotypes, such as chronic
bronchitis and emphysema. Based on the different risk
assessments, emphysema and airflow obstruction clearly
stand out.

Airflow obstruction and emphysema as selection
criteria for lung cancer screening

The significant reduction in lung cancer mortality observed
in the NLST trial provided enough evidence for different
scientific societies to make recommendations in favor of
lung cancer screening with LDCT, including the USPSTF
(9,38-43). All these societies mainly rely on the entry criteria
used in the NLST trial: men and women between 55 and
74 years of age, currently smoking or having quit within the
previous 15 years, and with a smoking history of at least 30
pack-years (8). However, there is evidence that these criteria
might not be sensitive enough in detecting lung cancer
cases. In some lung cancer representative samples, more
than 50% of lung cancer cases didn’t meet NLST criteria,
otherwise meaning that they wouldn’t have been included
in a lung cancer screening program (44-47). Wang and
colleagues described the trend of the proportion of patients
with lung cancer meeting USPSTF screening criteria (same
as NLST with upper limit for age extended to 80 years)
between 1984 and 2011. Out of 1351 lung cancer cases,
the proportion of individuals who met USPSTF selection
criteria decreased from 56.8% in 1984-1990 to 43.3% in
2005-2011 (47). If we keep using these entry criteria and
these trends continue its descent, we will have to deal with
more lung cancers outside of a screening setting. These data
suggest that we need to find additional selection criteria
to identify more individuals at risk. Considering the vast
evidence pointing at COPD and emphysema as important
risk factors for lung cancer, it isn’t strange that these criteria
are being suggested as selection criteria.

In this sense, a few medical societies have included
additional risk factors in addition to the NLST/USPSTF
criteria. The American Association for Thoracic
Surgery (39) and the National Comprehensive Cancer
Network (40) guidelines both give initial recommendations
using USPSTEF and NLST entry criteria, respectively.
However, in a secondary recommendation, they include
younger individuals with less smoking exposure (>50 years
of age and >20 pack/year smoking history) provided they
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have one additional risk factor, such as COPD.

In line with this, our group has proposed complementing
NLST criteria with visually determined emphysema (46). In
P-IELCAP and PLuSS, both lung cancer screening cohorts
with broader entry criteria than NLST, only 36% and 59%
of their participants, respectively, met NLST entry criteria.
This resulted in a 39% and 20% reduction in the lung
cancer diagnostic yield, respectively. By using emphysema as
a complementary criterion to NLST (NLST/E) for annual
screening, only three incident lung cancers would have
been left undetected in each cohort, representing a 3% and
12% reduction in diagnostic yield in PLuSS and P-IELCAP,
respectively. Furthermore, annual lung cancer detection
rates and the number of individuals needed to be screened
in one year to detect one lung cancer (NND) were higher
in the NLST/E groups, when compared to NLST alone,
highlighting the importance of emphysema in selecting
individuals at high risk (46). In the Continuous Observation
of Smoking Subjects (COSMOS) lung cancer screening
trial, different models to stratify the risk of developing lung
cancer during annual screening rounds were developed.
When compared to other LDCT findings, such as nodule
size, nodule type (solid vs. non-solid), and lung function,
emphysema was a much stronger lung cancer predictor in
most of the models tested (48).

Using the NLST population sample, Kovalchik and
colleagues built a lung cancer death risk prediction model
to test whether screening benefits and harms vary according
to lung cancer risk (49). They observed that the greatest
numbers of deaths from lung cancer were prevented in the
group that was at greatest risk of death. In the risk model
developed, emphysema was the factor with the greatest risk
of death (HR 1.56; 95% CI: 1.20-2.04). They concluded
that a risk-based strategy for lung cancer screening could
provide a rational, empirical framework for the inclusion of
NLST-ineligible smokers at high risk of lung cancer death,
with whom we certainly agree (49).

Recently, a lung cancer screening score (LUCSS) to
identify patients with COPD with the highest risk of
developing lung cancer (COPD-LUCSS) was developed
by our group (50). Age, body mass index (BMI), pack-
years of smoking history, and the presence of radiological
emphysema were included in the score (7able I). Patients
were classified into two categories depending on their
total score: low-risk (0-6 points) or high risk (>7 points).
The latter group had a 3-fold increase in lung cancer risk
when compared to the low-risk group (HR 3.5; 95% CI:
1.7-7.1) (50). Considering that in clinical practice most
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Table 1 COPD lung cancer screening score (LUCSS)
Variable

Points assigned

BMI <25 kg/m® 1
Pack-years >60 2
Age >60 years 3
Emphysema presence on LDCT 4
Total 10

BMI, body mass index; LDCT, low-dose computed tomography;
COPD, chronic obstructive pulmonary disease.

Table 2 Modified COPD lung cancer screening score (LUCSS)
DLCO

Variable Points assigned
BMI <25 kg/m® 1.5
Pack-years> 60 1

Age >60 years 2.5
Emphysema presence on LDCT 3

Total 8

BMI, body mass index; LDCT, low-dose computed tomography;
DLCO, diffusing capacity for carbon monoxide; COPD, chronic
obstructive pulmonary disease.

patients with COPD do not have a CT available, and thus,
no way of confirming emphysema, the same authors later
reported a modified version of the score, where diffusing
capacity for carbon monoxide (DLCO) was used instead
of visually detected emphysema (7able 2). In this new score
(COPD-LUCSS-DLCO), participants were also classified
into low (0-3 points) and high risk groups (3.5-8 points),
where the latter had a 2.4 increased risk of death from lung
cancer when compared to the low-risk group (95% CI: 2.0~
2.7) (51). These results do not mean patients with COPD in
the low-risk category should be left aside and not included
in screening programs, as they still have a higher risk of
developing lung cancer than healthy smokers. Although it
is not completely established how each risk category should
be managed, it is possible that individuals at risk for lung
cancer may benefit from different screening regimes, with
less intense screening for lower-risk groups. This may have
a significant impact on costs of lung cancer screening.

Clinical considerations

There are concerns about the inclusion of patients with
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COPD and/or emphysema in lung cancer screening
programs, as the potential benefits of screening might be
surpassed by the increased risk of death inherent to COPD
and/or emphysema (especially if airflow obstruction or
emphysema are severe) and their associated comorbidities
(52,53). de-Torres and colleagues explored the impact of
screening in a sample of patients with mild and moderate
COPD from a lung cancer screening trial, based on
preliminary data from their group showing that in these
subgroups is where lung cancer risk is greater (54). By
comparing lung cancer mortality in this group with that of
a matched sample of COPD patients who didn’t undergo
screening, they observed that the mortality incidence
density was 30-times lower in the group that underwent
screening (0.08 vs. 2.48 deaths per 100-person-years;
P=0.001). In the Danish Lung Cancer Screening Trial
(DLCST), although no statistically significant effects of
CT screening on lung cancer mortality were found overall,
non-significant trends were found among patients with
COPD, where a 24% relative reduction in the risk of death
was found in the group who underwent screening (55).
In the subgroup of participants from the NLST who had
a spirometry done, Young and colleagues observed that
the lung cancers that developed in patients with COPD
appeared to be more aggressive, and less overdiagnosis
was seen in this group when compared to lung cancers in
participants with no airflow obstruction (56).

In terms of treatments, there is growing evidence that
newer surgical treatments, such as sublobar resections or
lung volume reduction surgeries, or ablative treatments,
such as stereotactic body radiotherapy, offer good long-term
outcomes in patients with advanced age, as well as advanced
COPD and/or emphysema (57-66). In any case, adequate
patient selection is key to reduce screening’s potential harms
to a minimum. The implementation of a multidisciplinary
approach and registry monitoring as recommended by
guidelines will help overcome this potential problem.

Patients with COPD and/or emphysema enrolled in
lung screening programs could also benefit from smoking
cessation treatments. In the DLCST, authors found and
overall increasing smoking cessation rate during the
screening program, where higher motivation to quit at
baseline predicted smoking abstinence at the final screening
round (67). Positive results in the LDCT are especially
associated with increased abstinence (68). Achieving
smoking abstinence in patients with COPD would be
especially useful, as it is the most effective intervention in
stopping the progression of the disease, as well as increasing
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survival and reducing morbidity, including lung cancer
risk (69). If spirometry, a simple, inexpensive and validated
diagnostic test, were to be added to lung cancer screening
programs, smokers being screened could also benefit
from early diagnosis of COPD, a disease overwhelmingly
underdiagnosed (5). Presently, screening for COPD is not
recommended since there is no known benefit to treating
asymptomatic patients. However, we can now have a
great impact on mortality rates in patients with COPD by
detecting lung cancer, one of the main causes of death in
this population, in early, curable stages.

Conclusions

Airflow obstruction and emphysema are important risk
factors for lung cancer, with significant associations not only
with lung cancer incidence, but with death from lung cancer.
There is evidence that lung cancer screening in patients with
COPD is effective, and newer, less aggressive treatments
offer new opportunities to patients with advanced disease,
who otherwise wouldn’t be included in screening programs
or offered potential curative treatments. The COPD-
LUCSS and the COPD-LUCSS-DLCO are useful tools to
identify patients with COPD with high and low risk of lung
cancer, although their specific role in screening programs
is yet to be determined. A multidisciplinary assessment is
essential to include patients with COPD in lung cancer
screening programs, especially for those with advanced
disease and associated comorbidities, in order to reduce
potential harms from diagnostic and therapeutic procedures.
Besides improved early lung cancer detection, patients with
COPD included in screening programs could benefit from
smoking cessation interventions, complete characterization
of their disease, and adequate treatment. Finally, lung cancer
screening programs offer a great opportunity to uncover the

vast underdiagnosis of COPD.
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