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Abstract

Rationale: Patients with chronic obstructive pulmonary disease
(COPD) areat high risk for lung cancer (LC) and represent a potential

(scores 0-6) and high risk (scores 7-10). In comparison with low-risk
patients, in both cohorts LC risk increased 3.5-fold in the high-risk
category.

Conclusions: The COPD-LUCSS is a good predictor of LC risk

target to improve the diagnostic yield of screening programs.

in patients with COPD participating in LC screening programs.
Objectives: To develop a predictive score for LC risk for patients Validation in two different populations adds strength to the findings.

with COPD. .
Keywords: COPD; screening; lung cancer

Methods: The Pamplona International Early Lung Cancer
Detection Program (P-IELCAP) and the Pittsburgh Lung
Screening Study (PLuSS) databases were analyzed. Only patients
with COPD on spirometry were included. By logistic regression
we determined which factors were independently associated with
LC in PLuSS and developed a COPD LC screening score
(COPD-LUCSS) to be validated in P-IELCAP.

At a Glance Commentary

Scientific Knowledge on the Subject: Patients with
chronic obstructive pulmonary disease (COPD) are at high risk
for lung cancer and represent a potential target to improve the
diagnostic yield of screening programs.

Measurements and Main Results: By regression analysis,
age greater than 60, body mass index less than 25 kg/m?,
pack-years history greater than 60, and emphysema presence
were independently associated with LC diagnosis and integrated
into the COPD-LUCSS, which ranges from 0 to 10 points.

Two COPD-LUCSS risk categories were proposed: low risk

What This Study Adds to the Field: We developed and
validated a COPD-specific score to predict lung cancer risk, the
COPD-LUCSS, which may be useful to identify COPD patients
with the highest risk for lung cancer.

Lung cancer (LC) and chronic obstructive
pulmonary disease (COPD) are among
the most important causes of death
worldwide (1). Several studies have

documented that patients with COPD are
at high risk for the development of LC

(2, 3) and LC is an important cause of death
in these patients (4).

The National Lung Cancer Screening
Trial (NLST) recently showed that LC
screening with low-dose computed
tomography (LDCT) of the thorax in
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a selected population of current or former
smokers decreases LC-specific mortality by
at least 20% (5). The NLST selection criteria
included an age between 55 and 74 years,
a smoking history of at least 30 pack-years,
and for former smokers the quit date had to
be within 15 years before recruitment. The
U.S. Preventive Services Task Force and
several professional organizations now
recommend LC screening (6-9) and
recommend using the NLST entry criteria
for the selection of individuals to be
screened.

Because patients with COPD are at
a higher risk for developing LC than healthy
smokers, it has been suggested to use
the presence of airway obstruction on
spirometry and of emphysema on LDCT
as risk factors to select the highest risk
populations for screening programs
(10-14).

The use of clinical variables (age, body
mass index [BMI], pack-years, family
history of LC, or self-reported COPD)
integrated in risk prediction scores has been
previously described in the context of
optimizing the selection of candidates for
CT screening (15-17). The inclusion of
some of these simple clinical parameters
has demonstrated that the LC detection rate
can be improved (10).

To that end, we analyzed the databases
from two different LC screening studies
from Europe and the United States to
develop and validate a COPD-tailored score
that could improve selection criteria to
predict LC risk.

Methods

Participants included in this study were
recruited into two different single-arm
observational LC screening studies using
LDCT: the Pamplona International

Early Lung Cancer Detection Program
(P-IELCAP) in Spain (18), and the
Pittsburgh Lung Screening Study (PLuSS)
in the United States (19).

Study Protocol

Derivation study (PLuSS cohort). Details
regarding subject enrollment and the
protocol followed for LC assessment in
the PLuSS have been described previously
(19). The study enrolled subjects between
January 2002 and April 2005 that were
between 50 and 79 years of age, current or
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former smokers with at least 12.5 pack-
years of smoking, and with no personal
LC history. As explained in that previous
work (19), “the presence of emphysema
on LDCT was evaluated qualitatively
(present versus absent): three readers,

a pulmonologist, a general radiologist, and
a chest radiologist, visually scored the
baseline CT scan for emphysema presence
and severity. Scoring procedures used

a five-level semi quantitative scale, based on
National Emphysema Treatment Trial
criteria (20), to represent no, trace, mild,
moderate, and severe emphysema. The
latter four categories roughly correspond to
emphysema affecting less than 10, 10-25,
25-50%, and greater than 50% of the lung,
respectively. In a validation study involving
266 study subjects, a simple quadratic
function of this five-level visual emphysema
severity score explained 26% of the variance
observed with a quantitative measure
derived from CT densitometry (19).”

The interrater agreement for visual
emphysema detection was kappa statistic
(0.68; 95% confidence interval, 0.64-0.73).
Airway obstruction was determined at
baseline by spirometry according to the
Global Initiative for Chronic Obstructive
Lung Disease (GOLD) recommendation
(21), in this case without post-
bronchodilation measurements. An annual
or earlier follow-up LDCT was scheduled
according to the established protocol. All
subjects signed an informed consent and
the institutional review board for the
University of Pittsburgh approved the
study.

Validation cohort (P-IELCAP cohort).
Individuals entering the P-IELCAP were
enrolled between September 2001 and
March 2013, as part of the International
Early Lung Cancer Action Program
(18). Detailed information regarding
individual enrollment, emphysema, airway
obstruction, and LC assessments has been
previously described (22). Briefly, we
included men and women, 40 years of age
or older, who were current or former
smokers with a tobacco history of greater
than 10 pack-years, and without LC
symptoms. LDCT and a spirometry were
performed at baseline, and an annual
or earlier follow-up was scheduled
according to the established protocol (18).
As previously explained (18), “the presence
of emphysema on the LDCT was evaluated
qualitatively (present versus absent): all
images were read by two expert chest

radiologists for visual assessment of the
presence of emphysema, using validated
criteria (23). Briefly, the extent of
emphysema was graded from 0 to 4, with
a grade of 0 indicating no emphysema, and
a grade of 4 indicating the presence of
emphysema in greater than 75% of the
lung. For the purpose of this study, patients
with a score greater than or equal to 1 were
classified as having emphysema.” Our
group has shown the reliability of this
measurement with an excellent interrater
agreement (kappa coefficient, 0.91) (23).
Airway obstruction was defined
according to the GOLD recommendations
by the presence of a FEV;/FVC ratio less
than 0.70 after the administration of
albuterol 400 g (21). The ethics committee
of the University of Navarra approved
the study protocol and all subjects signed
an informed consent before entry. Only
individuals from both cohorts with
spirometrically defined COPD (FEV,/FVC
<C0.70) were included in the present study.

Clinical Parameters

A personal interview with trained personnel
in the P-IELCAP cohort and a self-
administered questionnaire in the PLuSS
cohort was conducted and the following
data were registered: age, sex, smoking
status, pack-years history, years since quit
smoking for former smokers, and family
history of LC. The BMI was calculated as the
weight in kilograms divided by height in
meters squared. Pulmonary function tests
were performed following American
Thoracic Society/European Respiratory
Society guidelines (24). NLST inclusion
criteria (age between 55 and 74 yr; at least
30 pack-years of smoking history; and,

if former smokers, had quit within the
previous 15 yr) were applied to both
cohorts.

Outcomes

LC diagnosis was performed in the
P-IELCAP cohort using a standardized
diagnostic algorithm (22). As described
previously (18), “patients with noncalcified
nodules less than 10 mm were followed up
with repeat LDCTs and further workup if
growth of a nodule was detected. Subjects
with suspicious nodules greater than

or equal to 10 mm were immediately
referred for positron emission tomography
(PET), percutaneous needle biopsy, or
intraoperative biopsy. For the purpose of
the study, all cases of LC diagnosed as
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a consequence of screening or due to a new
onset of symptoms (interval cases) were
included in the analysis.”

In the PLuSS cohort as also stated
in their original work (19) “to document
diagnostic events and outcomes, a nurse
practitioner maintained telephone contact
with persons who had received a follow-
up recommendation. At annual intervals,
the investigators used brief telephone
interviews and/or mailed questionnaires to
update the vital and cancer status of study
subjects and to ascertain interval lung
biopsy procedures. Using information
obtained over the telephone and signed
consent, the investigators identified,
acquired, and reviewed relevant medical
records, including images and reports from
imaging studies (thoracic CT, PET, or PET-
CT), biopsy procedure reports, pathology
reports, and death certificates.” Follow-up
time was registered in months up to the
time of the LC diagnosis.

Statistical Analysis

Quantitative data with a normal distribution
were expressed using the mean and the
SD. Quantitative data with nonnormal
distribution were described with the median
and the interquartile range. Qualitative data
were described using relative frequencies.
We first selected the predictor variables to
include in the COPD LC screening score
(COPD-LUCSS) from the PLuSS cohort.
Cox regression analysis was used to explore
the independent association of each
predictor variable with LC diagnosis in
the PLuSS cohort. Predictor variables that
were statistically significant were included
in a multiple Cox regression model to
determine which of them best predicted LC
diagnosis. The use of the predictors as
continuous variables showed that the model
has a similar statistical performance before
and after categorization (see Table E1 in
the online supplement). We believe, as
research practitioners, that categorization
of predictor variables can help clinicians
apply the score in their daily practice.

To determine the threshold of a
categorical variable to be included in the
score, we first divided each continuous
variable in quartile or quintiles. We then
visually compared their Kaplan-Meier (KM)
curves and selected the best cut off values of
each predictor variable (data not shown):
age greater than 60 years, pack-years greater
than 60, and BMI less than 25.
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To build the new COPD-LUCSS, we
first determined the relative weight of each
predictor variable in the score by calculating
its value according to the ratio of their
log(hazard ratios) (logHR) to the smallest
one (in this case, BMI <25), obtained in the
Cox analysis: logHR BMI <25/logHR BMI
<25=1, logHR pack-years >60/logHR
BMI <25 =1.7 (rounded to 2 for its clinical
application); logHR age >60 years old/
logHR BMI <25 = 3.2 (rounded to 3 for
its clinical application); and logHR
emphysema yes versus no/logHR BMI
<25 =3.8 (rounded to 4 for its clinical
application). To obtain the final value of the
COPD-LUCSS, we added each predictor
variable value, ranging from 0 to 10 points
(Table 1).

COPD-LUCSS risk categories were
selected after visual inspection of the LC risk
profile of each point of the COPD-LUCSS
in the deriving cohort (Figure 1). Visually,
groups 0-6 and 7-10 appear to be
clustered, showing a gap between scores 6
and 7. Based on the grouping of the KM
curves of each score, two categories were
selected: high risk (scores 0-6) and low risk
(scores 7-10). Cox regression was used to
explore the association of (COPD-LUCSS)
categories and the probability of LC
diagnosis using low-risk category as
reference.

To validate the score we then
calculated the COPD-LUCSS in the
validating cohort (P-IELCAP) using the
previously defined score. Patients with
COPD from P-IELCAP were then classified
as low (those with scores 0-6) and high risk
(those with scores 7-10) and their KM
curves constructed for the cumulative risk
of LC diagnosis.

To determine the accuracy of
COPD-LUCSS, we compared its

Table 1. COPD-LUCSS

Score

(Points)
BMI <25 1
Pack-years history >60 2
Age >60 yr 3
Radiologic emphysema, yes 4
Total 10

Definition of abbreviations: BMI = body mass
index; COPD-LUCSS = chronic obstructive
pulmonary disease lung cancer screening score.
COPD-LUCSS categories: low-risk category,
0-6 points; high-risk category, 7-10 points.

predictive capacity with that of the NLST
entry criteria that have been chosen as
selection criteria for screening by numerous
approved guidelines. To that end, we
compare the KM curves of those patients
with and without NLST criteria with those
in the highest and lowest risk categories
of the COPD-LUCSS. Significant levels for
all tests were established as a two-tailed

P less than or equal to 0.05. Calculations
were made with SPSS version 20.0 Inc.
(IBM, Chicago, IL).

Results

The clinical and physiologic characteristics
of both cohorts are shown in Table 2. In
comparison with PLuSS, the COPD cohort
in P-IELCAP was characterized by a lower
proportion of women, fewer pack-years,
more former smokers with longer
abstinence times, a higher FEV;%,

a higher proportion of patients in GOLD
stages I-II, and fewer individuals with
emphysema on LDCT. The groups have
similar age, proportions of active smokers,
and proportions of individuals with family
history of LC. The frequency of diagnosis of
LC was greater in PLuSS.

No correlation was found between
emphysema presence and FEV;% in the
P-IELCAP cohort (Spearman correlation
coefficient, 0.04; P=0.31) and weak in
the PLuSS cohort (Spearman correlation
coefficient, —0.06; P=0.01).

A total of 48% and 30% of the subjects
with COPD in P-IELCAP and PLuSS,
respectively, did not meet NLST criteria.
These subjects would have not been
screened if NLST criteria had been used.
Of those diagnosed with LC, all of the
individuals from P-IELCAP and 70% of
those from PLuSS were in GOLD stages I-11.

We then chose the PLuSS database to
develop the COPD-LUCSS: an age greater
than 60 years, a BMI less than 25 kg/m?,
an accumulated smoking history of more
than 60 pack-years, being in GOLD stages I
or II, and the presence of emphysema
on the LDCT were all independently
associated with a diagnosis of LC on a Cox
regression analysis (Table 3). After a
multivariable analysis (Table 3), only age
older than 60 years, a BMI less than 25 kg/
m?®, more than 60 pack-years of smoking,
and emphysema on the LDCT remained
independently associated with a diagnosis
of LC. To build the COPD- LUCSS score,
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Figure 1. Kaplan-Meier survival curves comparing each chronic obstructive pulmonary disease lung
cancer screening score lung cancer point risk profile in the derivation Pittsburgh Lung Screening
Study chronic obstructive pulmonary disease cohort. Visually, groups 0-6 and 7-10 appear to

be clustered, showing a gap between scores 6 and 7. Thus, risk groups were classified as low risk
(0-6 points) and high risk (7—10 points).

we assigned points to each parameter scores categories according to their KM risk
according to their HR values in the Cox profile are low risk (0-6 points) and high
regression (see Table E4). COPD-LUCSS risk (7-10 points) (Figures 1 and 2). We
scores range from 0 to 10 and proposed used the Harrell C index to calculate the

Table 2. Clinical and Physiologic Characteristics of Both Cohorts

P-IELCAP (n =572) PLuSS (n = 1,553) P Value

Age, yr 61+9 617 0.66
Sex (female/male), % 17/83 43/56 <0.001
BMI, kg/m?* 27+ 4 27+5 0.05
Pack-years® 43 (30-60) 53 (39-70) <0.001
Active smoker, % 34 33 0.47
FEV;%" 79 (66-91) 71 (58-83) <0.001
FEV,/FVCt 62 (56-66) 62 (55-66) 0.97
Years of former smoker' 7 (3-15) 4 (1-8) <0.001
Family history LC (yes), % 17 17 0.89
GOLD I-Il vs. llI-IV, % 93vs. 7 85vs. 15 <0.001
LDCT emphysema, yes % 45 62 <0.001
LC diagnosis, n (%) 33 (6%) 134 (9%) 0.03
LC incidence density 2.29/100 1.05/100 <0.001
LC annual detection rate 5.34 0.9

Follow-up, mo® 13 (1-48) 108 (95-118) <0.001

Definition of abbreviations: BMI = body mass index; GOLD = Global Initiative for Obstructive Lung
Disease; LC = lung cancer; LDCT = low-dose computed tomography; P-IELCAP = Pamplona
International Early Lung Cancer Detection Program; PLUSS = Pittsburgh Lung Screening Study.
*Mean *+ SD.

TMedian (25th-75th percentiles).

C statistics of our Cox regression model.
The C statistics value for the model using
continuous predictor variables was 0.698,
whereas when using the 0-10 score with
discretized predictor variables it was 0.691.
The proposed score was then externally
validated in the P-IELCAP validating
cohort (see Figure E2) showing a similar
risk profile. Cox regression analysis showed
that patients in the highest risk category
have a 3.5-fold greater risk of developing
LC, both in the deriving and the validating
cohorts (Table 4).

In both cohorts, KM curves of patients
included in the highest COPD-LUCSS LC
risk category allows a better identification of
patients at risk (by visual comparison) than
that obtained by NLST criteria (see Figures
E2A and E2B).

Discussion

This study of the value of LC screening

in spirometrically defined COPD in two
international cohorts had several novel
findings. First, using easily obtainable
variables a LC risk score (COPD-LUCSS)
was developed in the PLuSS cohort and then
validated in the P-IELCAP cohort. Second,
two LC risk categories were identified to
help in the selection of high-risk patients
with COPD that could benefit from specific
preventive strategies, such as LC screening.
Lastly, application of the current NLST
entry criteria results in a high proportion of
missed LCs in both sites.

COPD-Lung Cancer Score
(COPD-LUCSS)

One of the most difficult challenges of
screening programs is the appropriate
selection of patients with an optimal risk-
benefit ratio (25-28). The use of simple
clinical risk factors, such as age, pack-years
history, BMI, family history of LC, or
self-reported COPD, integrated in a risk
prediction score has been previously
reported in the context of selecting the
best candidates for LC screening (13-15).
Kovalchick and coworkers (29) made

an initial attempt to improve NLST’s
predictive capacity for a general population
of current and former smokers by including
emphysema among the parameters to be
evaluated. These authors reported that
including this radiologic feature better
defined the LC risk profile, resulting in the
prevention of more deaths. Tammemagi
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Table 3. Univariable and Multivariable Cox Analysis Exploring the Independent
Association of the Studied Variables with LC Diagnosis in the PLuSS Cohort

P Value HR 95% CI
Univariable Cox analysis
Age >60 vs. <60 0.001 25 1.6-3.7
Sex, male vs. female 0.88 0.9 0.7-1.4
BMI <25 vs. >25 0.026 2.1 1.1-4.1
Pack-years >60 vs. <60 0.001 1.9 1.3-2.6
Active smoker 0.37 1.2 0.8-1.6
Years of former smoker 0.47 1.6 0.5-5.0
Family history LC, yes vs. no 0.29 1.2 0.8-1.8
GOLD I-Il vs. llI-IV 0.04 1.4 1.04-1.6
Emphysema, yes vs. no 0.001 3.5 2.3-5.2
Multivariable Cox analysis
Age >60 vs. <60 0.005 2.3 1.5-3.5
BMI <25 vs. >25 0.15 1.2 0.9-1.8
Pack-years >60 vs. <60 0.001 15 1.1-2.2
Emphysema, yes vs. no 0.001 2.7 1.7-4.3

Definition of abbreviations: BMI = body mass index; Cl = confidence interval; GOLD = Global initiative
for Obstructive Lung Disease; HR = hazard ratio; LC = lung cancer; PLUSS = Pittsburgh Lung
Screening Study.

and coworkers (30) suggested that the use of
spirometric values (FEV;%) in smokers could
be a useful predictor for early LC detection,
with a greater effect in men than women.

Because COPD and emphysema are
among the strongest risk factors associated
with LC in the setting of LC screening, we
decided to expand LC screening criteria in
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Figure 2. Kaplan-Meier survival curves showing the lung cancer risk profile of patients in the low- and
high-risk groups from the derivation cohort. Patients in the high-risk group (chronic obstructive
pulmonary disease lung cancer screening scores 7—-10 points) have a significant higher probability of
lung cancer diagnosis than those in the lower risk group.
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a specific population of smokers or former
smokers by including spirometrically
proved COPD. Patients with COPD,
especially those with mild to moderate lung
function impairment and radiologically
detected emphysema, have a twofold to
threefold risk for LC development as
compared with smokers without these
characteristics (18, 19). Several mechanisms
have been proposed to explain the
association between COPD and LC,
including genetic risk factors (31), chronic
local and systemic inflammatory processes
(32), decreased immune surveillance

(33), uncontrolled stimulation of
bronchioalveolar stem cells (32), and
common epigenetic processes (34). Because
of this association, and because LC is one
of the most frequent causes of death in
patients with COPD (35), it has been
suggested that screening for LC in this
population may have an excellent risk-
benefit ratio for LC detection (10-12).

We developed COPD-LUCSS using
two different COPD cohorts participating in
different LC screening studies. We first
identified predictor variables independently
associated with LC risk in one of the cohorts
(PLuSS) and used them to develop a score.
We then validated the ability of this score
to predict LC risk in the second cohort
(P-ILECAP). The predictor variables
included in the score included age greater
than 60 years, a BMI less than 25 kg/m?,
a smoking history greater than 60 pack-
years, and the presence of emphysema on
the LDCT. Two categories were defined
according to the points sum on the COPD-
LUCSS. Compared with low-risk category,
patients with COPD in the high-risk
category had a significantly higher risk of
developing LC (Table 4). This finding has
potential important clinical implications
considering that patients with COPD in
low-risk category have a twofold to
threefold risk (unpublished data) of LC
compared with active or former smokers
without airway obstruction (18, 19).

Whether only patients with COPD
in high-risk categories should be screened
remains to be seen. However, it is possible
that individuals in low-risk category may
need less frequent screenings than those in
high-risk category, resulting in a significant
impact on the costs of screening. The
development of a simple to use risk score
based mainly on clinical parameters (age,
smoking history, BMI) and the presence
of CT-detected emphysema, could have
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Table 4. Cox Regression Analysis Comparing Each COPD-LUCSS Lung Cancer

Category Risk

P-IELCAP cohort

Low-risk vs. high-risk category
PLuUSS cohort

Low-risk vs. high-risk category

P Value HR 95% CI
0.001 3.5 1.7-71
0.001 3.5 2.4-5.1

Definition of abbreviations: Cl = confidence interval; COPD-LUCSS = chronic obstructive pulmonary
disease lung cancer screening score; HR = hazard ratio; P-IELCAP = Pamplona International Early
Lung Cancer Detection Program; PLUSS = Pittsburgh Lung Screening Study.

important implications in the clinical
management of patients with COPD.

The identification of those at higher risk
could tackle two important problems of
this lethal association: the early detection
of LC in patients with COPD, and the
selection of individuals with the best risk-
benefit ratio for LC screening programs. The
latter may help in defining the optimal
frequency of LC screenings in different
populations.

Strengths and Limitations

The main strengths of the present study are
the inclusion of two geographically different
COPD populations and the development of
a novel COPD-LUCSS, subsequently

validated in a different COPD population.
The study also has limitations. First, the
findings should be restricted to patients
with COPD similar to the ones included in
these screening programs: individuals with
mild to moderate degrees of airway
obstruction. Further studies should be
performed in patients with COPD not
regularly seen in screening programs with
more severe disease. Second, emphysema
was detected qualitatively by LDCT.
Unfortunately, we did not have information
on diffusion capacity (an indirect
measurement of emphysema presence,
although not that specific) to include in the
generation of this score without using LDCT
because diffusing capacity of carbon

monoxide has been shown to be an
independent predictor of LC deaths in
patients with COPD (36). Further studies
should include this measurement to
validate our findings.

Third, COPD participants from the
P-IELCAP have a short follow-up time,
an aspect that could limit our findings.
However, if the patients would have been
followed for a longer period of time, it is
likely that a higher number of LC would
have been diagnosed, thus enhancing
our findings. Lastly, we should consider
that patients with COPD have frequently
associated comorbidities (37), such as
cardiovascular disease, other types of
cancers, and others that may impact on
their morbidity and mortality. This could
represent a competing cause of death or
a limitation for lung resection of LC in early
stages.

In conclusion, a COPD-specific
score to predict LC risk, the COPD-LUCSS,
may be useful to identify patients with
COPD with the highest risk for LC. LC
screening may have an impact on the
high mortality rate from LC seen in patients
with COPD.

Author disclosures are available with the text
of this article at www.atsjournals.org.
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