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Lung Cancer and Chronic Obstructive Pulmonary
Disease: Role for Screening with Low-Dose

Computed Tomography
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ABSTRACT

Lung cancer and chronic obstructive pulmonary disease are two major public health
problems that are projected to remain among the top leading causes of death worldwide
over the next decade. Recently, lung cancer screening with low-dose computed tomography
of the chest in a high-risk population of smokers has been shown to be effective in reducing
mortality from lung cancer in the National Lung Screening Trial. There is increasing evidence
that individuals with chronic obstructive pulmonary disease and/or emphysema are at
increased risk of having lung cancer. When compared to smokers without chronic obstruc-
tive pulmonary disease, several studies have shown that patients with the disease (forced
expiratory volume in one second to forced vital capacity ratio < 70%) have a 2-6-fold great-
er risk of having lung cancer. Radiographic emphysema is particularly interesting as its
presence, even without airway obstruction, is an independent risk factor for lung cancer.
The risk of lung cancer is greatest in individuals with concomitant airway obstruction and
emphysema. There is evidence that screening patients with chronic obstructive pulmonary
disease is effective and can potentially reduce mortality. A specific lung cancer screening
score for patients with chronic obstructive pulmonary disease has been developed and
can be useful to select those with the highest risk. Multidisciplinary evaluations of patients
with chronic obstructive pulmonary disease should be useful in attenuating potential
harms from diagnostic and therapeutic procedures, especially in those with severe disease.
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This article reviews the evidence of the lung cancer-chronic obstructive pulmonary disease
association, describes potential mechanisms that relate both diseases, evaluates lung
cancer risk assessments in population-based studies and lung cancer screening cohorts,
and discusses different clinical aspects to consider when performing screening in a chronic
obstructive pulmonary disease population. BrN Rev. 2015;1:39-47)
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INTRODUCTION

Lung cancer is the leading cause of death
from malignant disease worldwide, with
more deaths from lung cancer than from colon,
breast, and prostate cancer together?. Lung
cancer mortality hasn’t changed significantly
over the last decades, with an estimated 1.6
million deaths worldwide from this disease
according to the International Agency for Re-
search on Cancer®. It is estimated that by
2030, lung cancer will still be among the top
leading causes of death, ranking third in
high-income countries (Fig. 1)*°. These esti-
mations are mainly due to the fact that the
great majority of lung cancers are diagnosed
at an advanced stage, resulting in a poor
overall survival®. Five-year lung cancer sur-
vival rates vary significantly depending on
the stage of the disease in which it is diag-
nosed, ranging from 50% for stage IA, to 2%
for stage IV2. Therefore, it is imperative to
focus on early detection to improve survival.

Chronic obstructive pulmonary disease (COPD)
is also a major public health problem, in part
as a result of being an under-recognized and
under-diagnosed disease. It is projected to
rank fourth worldwide in terms of mortality
by 2030, which could be explained by the

expanding epidemic of smoking, a reduced
mortality from other common causes of death,
and aging of the world population (Fig. 1)".
The evidence associating COPD and lung
cancer goes back almost 30 years, but the as-
sociation has been systematically confirmed
in more recent studies®’.

Lung cancer and COPD appear to share more
than tobacco exposure as their common risk
and causative factor and chronic inflamma-
tion and lung repair mechanisms present in
COPD are thought to be very important con-
tributors to lung cancer development.

In order to improve early lung cancer detec-
tion and thus improve survival, several stud-
ies involving the use of low-dose computed
tomography (LDCT) of the chest have been
planned and completed over the last two
decades. The results from both the Interna-
tional Early Lung Cancer Action Program
(I-ELCAP)!! and the National Lung Screening
Trial (NLST)? were decisive for the recent
recommendation by the United States Preven-
tive Services Task Force in favor of annual
lung cancer screening'.

This review summarizes the evidence linking
COPD and lung cancer risk, and the potential
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Ficure 1. Lung cancer and COPD death rates per 100,000 over time among current and former smokers, stratified by sex. Data obtained
from the first Cancer Prevention Study | (CPS 1) for the period from 1959 to 1965, from the second Cancer Prevention Study (CPS Il) for the
period from 1982 to 1988, and from five contemporary cohort studies for the period from 2000-2010 (adapted from Thun, et al.%).

role of lung cancer screening in this high-risk
population. The presence of COPD, defined
by a forced expiratory volume in one second
to forced vital capacity ratio (FEV,/FVC) be-
low 70%, and emphysema as determined by
computed tomography (CT) scanning have
been shown to be independent risk factors for
lung cancer. Although COPD and emphyse-
ma frequently coexist, in this manuscript we
will discuss them individually.

MECHANISMS INVOLVED IN LUNG
CANCER DEVELOPMENT IN CHRONIC
OBSTRUCTIVE PULMONARY DISEASE

Several mechanisms have been postulated
linking these two diseases, including but not
limited to genetic susceptibility, deoxyribo-
nucleic acid (DNA) damage and repair mech-
anisms, epigenetics involving DNA methyla-
tion and posttranslational modifications of
histones, downregulation of certain microRNA
(miRNA), expression of proinflammatory

genes by hypoxia, and the role of the hypox-
ia-induced factor, tumor growth factor-g and
integrins, and adaptive immune responses,
among others!*!” (Table 1). It is not the pur-
pose of this review to thoroughly discuss
these mechanisms and for a more compre-
hensive understanding, the reader should re-
fer to the appropriate sources.

CHRONIC OBSTRUCTIVE PULMONARY
DISEASE AND RISK OF LUNG CANCER

Studies from the mid-1980s by Skillrud, et al.®
and Tockman, et al.? found an association be-
tween lung cancer and COPD, an observation
that has been confirmed over time. Several
cohort studies, including some lung cancer
screening trials, have indicated that patients
with COPD are 2-6 times more likely to de-
velop lung cancer than those without COPD,
a risk that persists even after controlling for
smoking exposure!®2l. Furthermore, lung
cancer risk has been shown to be strongly
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TaBLE 1. Potential mechanisms associating chronic
obstructive pulmonary disease and lung cancer.

Genetic susceptibility

MMP1 CHRNA3 RB1 MPO
CYP1A1 CHRNAS5 TP53 EPHX1
Epigenetics

— DNA promoter hypermethylation and DNA global hypomethylation.
— Post-translational modifications of histones (acetylation, methyl-
ation, ubiquitination, sumoylation and phosphorylation).

miRNA
— miRNA silencing by DNA hypermethylation.

DNA repair mechanisms
— Induced by inhalation of cigarette smoke or toxic pollutants

Inflammation
Hypoxia-induced factor STAT3
TGF-B and integrins TRAIL receptors 1, 2, 3
Adaptive immune responses C0X-2
Proteinases: neutrophil elastase, cathepsin S, various MMP

NFkp activation

MMP: matrix metalloproteinase; miRNA: microRNA; CYP1A1: cytochrome P450
subfamily 1, polypeptide 1; MPO: myeloperoxidase; EPHX1: epoxide hydrolase 1;
CHRNA: cholinergic receptor, neuronal nicotinic, a-polypeptide; RB1:
retinoblastoma 1; DNA: deoxyribonucleic acid; TGF-B: tumor growth factor 3;
STAT3: signal transducer and activator of transcription; COX-2: cyclooxygenase 2.

dependent on the timing between COPD di-
agnosis and lung cancer detection, with a
threefold greater risk in patients diagnosed
with COPD in the previous six months as
compared to those with a more than 10-year
history of COPD*.

The degree of airway obstruction appears to
be associated with lung cancer. However, ev-
idence in this matter is contradictive. In the
Body mass index, Airflow obstruction, Dys-
pnea, Exercise performance (BODE) observa-
tional cohort of patients with COPD, de-Tor-
res, et al. reported an increased risk of lung
cancer in patients with mild and moderate
degrees of airway obstruction (HR: 3.05; 95%
CIL: 1.41-6.59, and HR: 2.06; 95% CI: 1.01-4.18,
respectively)®. This observation has been

later confirmed in the Pamplona Internation-
al Early Lung Cancer Detection Program
(P-IELCAP), where 94% of the patients with
COPD diagnosed with lung cancer had COPD
in Global initiative for chronic Obstructive
Lung Disease (GOLD) grades 1 and 2%*. These
results contrast with those of Wilson, et al.
from the Pittsburgh Lung Screening Study
(PLuSS), where the highest lung cancer risk
was found among COPD patients with GOLD
grades 3 and 4 (OR: 2.86; 95% CI: 1.48-5.53)%.
Similarly, in a lung cancer screening trial from
the Mayo Clinic, the risk of lung cancer in-
creased as both the FEV, and the FEV,/FVC
ratio decreased?!. Data from the First National
Health and Nutrition Examination Survey also
showed that moderate and severe obstructive
lung disease were significant predictors of in-
cident lung cancer (HR: 2.8; 95% CI: 1.8-44,
and HR: 1.4; 95% CI; 0.8-2.6, respectively)*.

A recent meta-analysis has confirmed the as-
sociation between impaired lung function
and the risk of lung cancer, where even a
small reduction in FEV, (approximately 90%
predicted) was associated with a 30% increase
in the risk of lung cancer in men (RR: 1.30;
95% CI: 1.05-1.62), and a 2.64-fold increase in
women (RR: 2.64; 95% CI: 1.30-5.31)%. Cal-
abro, et al. have confirmed this observation
in patients with COPD, where a cut-off value
of FEV, < 90% predicted resulted in the high-
est sensitivity and specificity in predicting
lung cancer?.

Of note, in a population of never smokers, lung
cancer risk was increased in individuals with
a previous diagnosis of concomitant chronic
bronchitis and emphysema (HR: 2.44; 95% CL:
1.22-490), whereas no significant association
was found for chronic bronchitis alone®.
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EMPHYSEMA AND RISK
OF LUNG CANCER

The presence of emphysema on a LDCT and
its relationship with lung cancer has also
been the subject of several studies. Most of
the lung cancer screening studies that have
assessed airway obstruction have also ana-
lyzed the impact of radiographic emphysema
on lung cancer detection. Evidence suggests
that most of the lung cancer risk attributed to
spirometrically defined COPD (FEV,/FVC <
70%) could be in part a result of emphysema
per se. In a study by de-Torres, et al., the lung
cancer incidence density in participants with
visually determined emphysema was three-
fold higher than in subjects without it. Even
in individuals without airway obstruction,
the presence of emphysema increased the
risk of lung cancer fourfold (RR: 4.33; 95% CI:
1.04-18.16). In a multivariate regression analy-
sis where COPD and emphysema were in-
cluded in a single model, only emphysema
remained as an independent significant risk
factor for lung cancer”. These results were
also observed in PLuSS: the risk of lung can-
cer in subjects with emphysema was 3.56
(95% CI: 2.21-5.73), remaining significant even
after competing with COPD in a single re-
gression model, a risk that was present even
in subjects with no airway obstruction®. In a
large population of never smokers, a previous
diagnosis of emphysema was associated with
a 66% increase in lung cancer mortality?.
Moreover, data from the I-ELCAP trial showed
that the presence of emphysema on the base-
line LDCT significantly increased the risk of
lung cancer in current, former, and never
smokers who underwent screening (OR: 1.8;
95% CI: 1.4-2.2, OR: 1.7, 95% CI: 1.3-2.2, and
OR: 6.3; 95% CI: 2.4-16.9, respectively)?.

No clear trend between the severity of em-
physema and risk of lung cancer development
has been found, with the highest risk seen in
those with mild emphysema (OR: 4.43; 95%
CIL: 2.53-7.79), followed by moderate-severe,
and trace of emphysema, respectively?’. How-
ever, in a lung cancer screening cohort from
New York, a linear trend between the extent
of visually assessed emphysema and the risk
of death from lung cancer was observed, but
the association was only significant for marked
emphysema (areas of decreased attenuation in
more than half of the lung parenchyma)®.

In contrast, in other studies where emphyse-
ma was quantified automatically using soft-
ware, a significant association between em-
physema and the risk of lung cancer was not
found?!?!. In this regard, a meta-analysis by
Smith, et al. found that only visually deter-
mined emphysema on CT was independently
associated with an increased odds of lung
cancer, an observation that did not hold for
automated emphysema detection®. This high-
lights the value of simple visual determina-
tion of emphysema on LDCT over soft-
ware-automated based quantification.

One important feature observed in some of the
aforementioned studies is that the risk of lung
cancer is significantly higher in individuals
with concomitant airway obstruction and ra-
diographic emphysema. For instance, in one
study lung cancer incidence density in partici-
pants with both risk factors was almost 11-fold
greater (37.5 lung cancers per 1000 person-years)
than in healthy smokers (no emphysema and
no airway obstruction). The incidence density
in subjects with only emphysema or only air-
way obstruction was 18.8 lung cancers per
1000 person-years'. Similarly, Wilson, et al.
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found that the combination of airway ob-
struction and emphysema increased the odds
of lung cancer, independent of the degree of
airway obstruction®.

CHRONIC OBSTRUCTIVE PULMONARY
DISEASE AND EMPHYSEMA AS
SELECTION CRITERIA FOR LUNG
CANCER SCREENING

The results from the NLST provided enough
evidence for different medical societies to rec-
ommend in favor of lung cancer screening.
The American Cancer Society®?, the American
Society of Clinical Oncology®, the American
College of Chest Physicians®®, and the Amer-
ican Lung Association®® all have made posi-
tive recommendations for lung cancer screen-
ing based on the inclusion criteria used in the
NLST (age between 55 and 74 years, current
smoker or having quit within the previous 15
years, with a smoking history of at least 30
pack-years)!2. However, there is evidence that
these entry criteria might not be sensitive
enough in detecting lung cancer cases, con-
sidering that in some representative lung can-
cer cohorts, about half of subjects participat-
ing in the trials do not meet NLST criteria®%.
Furthermore, a recent study has shown a de-
cline over the last 25 years in the proportion
of patients meeting the NLST high-risk pro-
file, suggesting that more sensitive criteria
may need to be identified*’. Following this
premise, other medical societies have includ-
ed broader criteria than those from the NLST.
For instance, both the American Association
for Thoracic Surgery*! and the National Com-
prehensive Cancer Network* guidelines
have lowered the age and smoking history
thresholds to 50 years and 20 pack-years,

respectively, provided individuals had an ad-
ditional risk factor such as COPD.

Kovalchik, et al.*® applied a lung cancer death
risk prediction model within the NLST pop-
ulation, with emphysema being the most im-
portant risk factor (HR: 1.56; 95% CI: 1.20-
2.04). The greatest numbers of preventable
deaths were observed in subjects at highest
risk of death. However, considering the lim-
itations of the NLST entry criteria, restricting
the selection criteria even more could have
important consequences.

Our group has recently published a different
strategy, complementing NLST criteria with
radiographic emphysema to select individu-
als for annual screening rounds®. This was
based on the fact that, in a lung cancer screen-
ing cohort recruited at our center as part of
the I-ELCAP study, as many as 80% of partic-
ipants with lung cancer who did not meet
NLST criteria (a priori, a lower risk popula-
tion) had emphysema on their baseline
LDCT?. By exclusively using NLST entry cri-
teria in this lung cancer screening cohort
from Pamplona (P-IELCAP), 39% of the orig-
inal lung cancer cases would not have been
detected. Complementing NLST criteria by
including individuals with age younger than
55, but with emphysema on the LDCT (NL-
ST/E), improved incident lung cancer detec-
tion by almost 70%. Furthermore, annual
lung cancer detection rates and the number
of individuals needed to be screened in one
year to find one lung cancer were better in
the NLST/E group than in the NLST-only
group, highlighting the importance of em-
physema in selecting individuals at high risk.
Moreover, investigators from the Continuous
Observation of Smoking Subjects (COSMOS)
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TaBLE 2. Chronic obstructive pulmonary disease lung cancer
screening score

BMI < 25 kg/m? 1

Pack-years > 60 2
Age > 60 years B
Presence of emphysema on LDCT 4
Total 10

BMI: body mass index; LDCT: low-dose computed tomography.

lung cancer screening trial have also devel-
oped a model to stratify individual risk to
develop lung cancer during annual screening
rounds based on findings from the baseline
LDCT. In this study, emphysema was found
to be a significant lung cancer risk predictor.

Recently, de-Torres, et al. have developed and
validated a lung cancer screening score specif-
ically designed for patients with COPD (COPD-
LUCSS) in two lung cancer screening cohorts
from Spain (P-IELCAP) and the United States
(PLuSS)*. Age, body mass index, pack-years of
smoking history, and the presence of emphyse-
ma were included in the score (Table 2)*. Ac-
cording to their total score, patients with COPD
could be categorized into low-risk (0-6 points)
or high-risk categories (= 7 points). The latter
group of patients had a significantly higher
risk of developing lung cancer (HR: 3.5; 95% CI:
1.7-71) when compared to patients in the low-
risk category®. These results do not mean that
individuals in the low-risk group should not be
included in screening programs as they still
have a higher risk of lung cancer when com-
pared to smokers without airway obstruction.
The appropriate way to deal with this group of
patients is yet to be determined, but it is pos-
sible that they may need less frequent screen-
ings than those in the high-risk category.

Based on this data, the use of COPD and/or
emphysema to select individuals at high risk
of lung cancer outside the NLST selection cri-
teria would presumably improve lung cancer
detection. However, whether the significant
reduction in lung cancer mortality observed
in the NLST will also be seen in patients with
COPD, remains to be confirmed.

CLINICAL CONSIDERATIONS

Concerns might exist on whether individuals
with COPD and/or emphysema should be in-
cluded in lung cancer screening programs,
and if those diagnosed with lung cancer will
eventually benefit from treatment, as this
group of patients experience higher compet-
ing mortality risks, which could catalogue
them as ineligible for surgical resections!®46.
The impact of lung cancer screening has been
assessed in patients with mild and moderate
COPD by comparing a sample that under-
went screening with a matched sample that
did not. Mortality incidence density from
lung cancer was 30-times lower in the screen-
ing group than in the control group (0.08 vs.
248 deaths per 100 person-years; p < 0.001)".
In individuals with severe disease and resect-
able lung cancer, there is evidence that newer
surgical treatments (sublobar resection or
lung volume reduction surgery [LVRS]) and
ablative therapies (stereotactic radiosurgery
or radiofrequency ablation) are valid alterna-
tives to consider due to their acceptable risk
and good long-term outcomes**-%3. There are
even reports of successful lung cancer surgi-
cal treatments in patients that previously un-
derwent endobronchial LVRS for severe em-
physema®. In any case, the potential harms
of screening in this population should be
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attenuated by the implementation of a multi-
disciplinary approach and registry monitor-
ing as recommended by guidelines®.

The implementation of a screening program
could be useful in other scenarios. Firstly, it is
an ideal setting to offer smoking cessation
treatments. Data from the Danish Lung Cancer
Screening Trial showed that being part of a
lung cancer screening program significantly
promotes smoking cessation®. Furthermore, a
review of different studies concluded that pos-
itive LDCT results are associated with in-
creased abstinence®. Smoking cessation will
be especially useful in individuals with COPD
as it is the most effective intervention in stop-
ping the progression of COPD, as well as in-
creasing survival and reducing morbidity, in-
cluding lung cancer risk*. Furthermore, among
patients with COPD, quitting smoking is also
associated with transient improvement in spi-
rometry, improvement in the transfer factor of
lung for carbon monoxide, and a decrease in
micronodules on high-resolution CT. Second-
ly, the inclusion of smokers in a screening pro-
gram could help diagnose COPD in previously
considered healthy smokers, or adequately cat-
egorize patients already diagnosed with the
disease, provided spirometric assessments are
performed at least during the baseline screen-
ing round. This would be useful as it will allow
early intervention for airway obstruction and
adequate treatment according to guidelines.

CONCLUSIONS

Chronic obstructive pulmonary disease and
emphysema are important risk factors for
lung cancer, with impact in both lung cancer
incidence and mortality. There is preliminary

evidence that lung cancer screening with
LDCT is effective in patients with COPD, and
patients with the disease should be consid-
ered for inclusion in lung cancer screening
programs. A specific lung cancer screening
score for patients with COPD (LUCSS) has
proven useful in identifying those with the
highest risk of lung cancer*®. A thorough
evaluation by a multidisciplinary team should
be implemented in order to attenuate poten-
tial harms from diagnostic and therapeutic
procedures, especially in those with severe
disease. Beyond improving early lung cancer
detection, a lung cancer screening program
could offer indirect benefits to patients with
COPD, such as those resulting from smoking
cessation and adequate COPD treatment.
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