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BACKGROUND: Lung cancer risk prediction models do not routinely incorporate imaging metrics
available on low-dose CT (LDCT) imaging of the chest ordered for lung cancer screening.

RESEARCH QUESTION: What is the association between quantitative emphysema measured on
LDCT imaging and lung cancer incidence and mortality, all-cause mortality, and airflow
obstruction in individuals who currently or formerly smoked and are undergoing lung cancer
screening?

STUDY DESIGN AND METHODS: In 7,262 participants in the CT arm of the National Lung
Screening Trial, percent low attenuation area (%LAA) was defined as the percentage of lung
volume with voxels less than –950 Hounsfield units on the baseline examination. Multi-
variable Cox proportional hazards models, adjusting for competing risks where appropriate,
were built to test for association between %LAA and lung cancer incidence, lung cancer
mortality, and all-cause mortality with censoring at 6 years. In addition, multivariable logistic
regression models were built to test the cross-sectional association between %LAA and
airflow obstruction on spirometry, which was available in 2,700 participants.

RESULTS: The median %LAA was 0.8% (interquartile range, 0.2%-2.7%). Every 1% increase in %
LAA was independently associated with higher hazards of lung cancer incidence (hazard ratio
[HR], 1.02; 95% CI, 1.01-1.03; P¼ .004), lung cancer mortality (HR, 1.02; 95% CI, 1.00-1.05; P¼
.045), and all-cause mortality (HR, 1.01; 95% CI, 1.00-1.03; P ¼ .042). Among participants with
spirometry, 892 had airflow obstruction. The likelihood of airflow obstruction increased with
every 1% increase in %LAA (odds ratio, 1.07; 95% CI, 1.06-1.09; P < .001). A %LAA cutoff of
1% had the best discriminative accuracy for airflow obstruction in participants aged > 65 years.

INTERPRETATION: Quantitative emphysema measured on LDCT imaging of the chest can be
leveraged to improve lung cancer risk prediction and help diagnose COPD in individuals who
currently or formerly smoked and are undergoing lung cancer screening.
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The National Lung Screening Trial (NLST) showed that
annual screening with low-dose CT (LDCT) imaging of
the chest decreases death from lung cancer in high-risk
current and former smokers.1 Beyond lung cancer
screening, LDCT imaging can reveal clinically important
intrathoracic abnormalities such as emphysema, airway
thickening, bronchiectasis, pleural disease, and coronary
artery calcium.2,3 These findings have important
implications for the care and prognosis of screened
patients but are not yet routinely incorporated in risk
prediction models. Quantitative emphysema is an
attractive candidate for inclusion in such models given
its automated and time-efficient measurement by
densitometry methods.4 However, previous studies
examining the association between quantitative
emphysema and lung cancer incidence and mortality
have produced mixed results.5-11 Notably, these studies
were heterogeneous regarding CT types (low-dose
vs high-resolution vs cardiac), filter applications for
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noise reduction, density cutoffs for emphysema
definition, and pretest lung cancer risk of participants.

In addition to lung cancer screening, LDCT imaging of the
chest represents an opportunity to identify current or
former smokers with undiagnosed COPD. This is
particularly important because COPD remains
substantially underdiagnosed at a population level.12,13

After adjustments for BMI, smoking pack-years, and
current smoking status, quantitative emphysema detected
on LDCT imaging has been found to be independently
associated with COPD.14 Nonetheless, how this association
varies with age and sex remains to be determined.

In the current analysis of NLST data, the goal was to define
the incremental predictive value of quantitative emphysema
measured on noise-filtered LDCT imaging using a cutoff of
–950 Hounsfield units for lung cancer incidence, lung
cancer mortality, all-cause mortality, and airflow obstruction
prevalence within validated risk prediction models.
Patients and Methods
Participants and Measurements

Details of the NLST design have been previously described.15 Briefly,
the NLST enrolled individuals between 55 and 74 years of age, with
at least a 30 pack-year smoking history, who were either currently
smoking or have quit within the past 15 years. Participants were
randomized to three annual lung cancer screenings with either
LDCT imaging or a single-view chest radiograph. The primary
outcome was death from lung cancer. In this analysis, 7,262
participants from the CT arm were included who met desired
imaging parameters and had no missing clinical data or follow-up
(e-Fig 1).

Data on demographic characteristics, smoking history, self-reported
COPD, and personal and family history of cancer were collected at
study enrollment. The NLST LDCT acquisition protocol has been
previously reported.15 Emphysema was quantified on the baseline
screening CT scan as the percent low attenuation area (%LAA),
defined as the percentage of lung volume with voxel density less
than –950 Hounsfield units, using automated densitometry
software (Imbio LLC). Prior to emphysema quantification, a 3 �
3 � 3 median filter was applied to reduce image noise to
match that found in standard-dose scans.16 A subset of
participants also underwent pre-bronchodilator spirometry at the
baseline visit using a SpiroPro spirometer (eResearch Technology
GmbH).

The study protocol was approved by the institutional review
boards of all study centers. All participants gave written informed
consent.

Outcomes

Outcomes of interest in the current analysis were lung cancer
incidence and mortality, all-cause mortality, and presence of airflow
obstruction on spirometry. In the NLST protocol, a lung cancer
diagnosis was confirmed on pathology reports following diagnostic
procedures performed for further evaluation of a positive screen, and
the vital status of participants was assessed through questionnaires
and review of the National Death Index registry, with an end point
verification team determining the cause of death. A ratio of FEV1

over the FVC of < 70% on spirometry was used to define airflow
obstruction.

Statistical Analyses

Baseline characteristics are presented for all participants and according
to %LAA subgroups (%LAA # 1%; 1% < %LAA # 5%; %LAA > 5%)
as mean and SD for continuous variables, and as count and proportion
for categorical variables.

Multivariable Cox regression models were constructed to test the
association between %LAA and lung cancer incidence, lung
cancer mortality, and all-cause mortality. Models were
individually adjusted for variables relevant to each outcome based
on previous NLST analyses by Tammemägi et al17 for lung
cancer incidence and by Kovalchik et al18 for lung cancer
mortality. We also built parsimonious models adjusted only for
age and sex, variables that are routinely available as part of
Digital Imaging and Communications in Medicine metadata and
that can be incorporated into automated image analysis. To
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account for dependent censoring from competing causes of death
in modeling lung cancer incidence and mortality, we used an
inverse probability weighting approach applied to Cox models
based on age, sex, race, ethnicity, highest level of education
attained, BMI, current smoking status, smoking intensity,
smoking duration, time since smoking cessation, self-reported
COPD, personal history of cancer, family history of lung cancer,
and %LAA. A similar approach was used to generate Kaplan-
Meier curves for lung cancer incidence according to %LAA
severity groups (%LAA # 1%; 1% < %LAA # 5%; %LAA >

5%). The proportional hazard assumption was checked and met
in all full and parsimonious Cox regression models included in
this analysis. In all models, participants were censored at 6 years
from study entry. For lung cancer incidence, any death without
cancer incidence was dependent censoring; loss to follow-up
without cancer incidence or cancer-free status at year 6 was
independent censoring. For lung cancer mortality, any death not
1814 Original Research
caused by lung cancer was dependent censoring; loss to follow-
up or alive vital status at year 6 was independent censoring. For
all-cause mortality, loss to follow-up or alive vital status at year
6 was independent censoring.

Logistic regression models adjusted for age and sex were also
constructed to test the cross-sectional association between %LAA
and airflow obstruction on spirometry. We then calculated the
sensitivity, specificity, positive predictive value, negative predictive
value, and area under the curve (AUC) to determine the predictive
ability of a %LAA cut off of 1% for airflow obstruction in subgroups
stratified according to age (< 65 years vs $ 65 years) and sex (male
vs female).

All analyses were performed in R software version 3.4.1 (R Foundation
for Statistical Computing). The following R packages were used:
“survival,” “ipw,” and “pROC.” A P value < .05 was considered
statistically significant.
Results

Participant Characteristics

The median %LAA was 0.8% (interquartile range, 0.2% to
2.7%). Among all 7,262 participants, 3,965 (54.6%) had %
LAA# 1%, 2,204 (30.3%) had %LAA between 1% and 5%,
and 1,093 (15.1%) had %LAA > 5%. Mean age of all
participants was 61.5 years and increased with increasing %
LAAcategory. The respective proportions of female subjects
and current smokers were 41.3% and 48.8%, and decreased
with increasing %LAA category. Participants smoked a
mean of 28.1 cigarettes per day for a mean duration of 39.9
years. For former smokers, mean time since smoking
cessation was 3.8 years. Complete clinical and demographic
characteristics of participants are listed in Table 1.

Emphysema and Lung Cancer Incidence

A total of 353 participants developed lung cancer by 6
years of follow-up. Participants with higher %LAA had a
higher likelihood of lung cancer incidence as shown in
Figure 1 (pairwise comparisons by %LAA severity
groups: P ¼ .04 for %LAA 1%-5% vs %LAA # 1%; P ¼
.03 for %LAA > 5% vs %LAA 1%-5%; P < .001 for %
LAA > 5% vs %LAA # 1%). In multivariable analyses,
each 1% increase in %LAA was associated with an
increased hazard of lung cancer incidence (hazard ratio
[HR], 1.02 [95% CI, 1.01-1.03; P ¼ 0.004]; C statistic for
model, 0.71 [95% CI, 0.68-0.74]) (Table 2). Other
variables independently associated with lung cancer
incidence included higher age, lower BMI, greater
smoking intensity and duration, self-reported COPD,
and a family history of lung cancer. In a parsimonious
model including only age and sex as covariates, %LAA
remained significantly associated with lung cancer
incidence (HR, 1.02 per 1% increase [95% CI, 1.01-1.04;
P < .001]; C statistic for model, 0.64 [95% CI, 0.61-
0.67]).
Emphysema and Lung Cancer Mortality

A total of 99 participants died of lung cancer by 6 years
of follow-up. Each 1% increase in %LAA was
independently associated with an increased hazard of
lung cancer death (HR, 1.02 [95% CI, 1.00-1.05;
P ¼ .045]; C statistic for model, 0.73 [95% CI,
0.67-0.79]) (e-Table 1). Other factors associated with
lung cancer death included older age, greater smoking
history, shorter time since smoking cessation, and
family history of lung cancer. In a parsimonious model
including only age and sex, higher %LAA was
associated with lung cancer mortality, but this
association was not statistically significant (HR, 1.02 per
1% increase [95% CI, 1.00-1.04; P ¼ .08]; C statistic,
0.63 [95% CI, 0.58-0.69]).
Emphysema and All-Cause Mortality

A total of 422 participants died of any cause, including
lung cancer, during 6 years of follow-up. Each
1% increase in %LAA was independently associated with
higher all-cause mortality (HR, 1.01 [95% CI, 1.00-1.03;
P ¼ .042]; C statistic for model, 0.68 [95% CI, 0.65-
0.71]) (e-Table 2). Other factors associated with death
from any cause were older age, male sex, non-Hispanic
Black race and ethnicity, greater smoking history, and
shorter time since smoking cessation. In a parsimonious
model including only age and sex, higher %LAA was
associated with all-cause mortality, but this association
was not statistically significant (HR, 1.01 per 1% increase
[95% CI, 1.00-1.02; P ¼ .10]; C statistic for model, 0.64
[95% CI, 0.61-0.67]).
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TABLE 1 ] Baseline Characteristics of Participants

Characteristic All (N ¼ 7,262)
%LAA # 1%
(n ¼ 3,965)

1% < %LAA
# 5% (n ¼ 2,204)

%LAA > 5%
(n ¼ 1,093) P Valuea

Age, y 61.5 � 5.0 60.9 � 4.8 61.8 � 5.1 63.2 � 5.4 < .001

Female 2,997 (41.3%) 1,944 (49.0%) 749 (34.0%) 304 (27.8%) < .001

Race and ethnicity < .001

Non-Hispanic White 6,624 (91.2%) 3,561 (89.8%) 2,034 (92.3%) 1,029 (94.1%)

Non-Hispanic Black 360 (5.0%) 251 (6.3%) 85 (3.9%) 24 (2.2%)

Hispanic or other 278 (3.8%) 153 (3.9%) 85 (3.9%) 40 (3.7%)

Highest level of school attained < .001

Less than high school 430 (5.9%) 270 (6.8%) 114 (5.2%) 46 (4.2%)

High school 1,586 (21.8%) 872 (22.0%) 451 (20.5%) 263 (24.1%)

Some college, no degree 925 (12.7%) 515 (13.0%) 286 (13.0%) 124 (11.3%)

Associate/technical degree 1,698 (23.4%) 978 (24.7%) 482 (21.9%) 238 (21.8%)

Bachelor’s degree 1,364 (18.8%) 704 (17.8%) 434 (19.7%) 226 (20.7%)

Graduate degree 1,259 (17.3%) 626 (15.8%) 437 (19.8%) 196 (17.9%)

BMI, kg/m2 28.0 � 5.0 28.9 � 5.3 27.4 � 4.7 25.8 � 4.0 < .001

Individuals who currently smoke 3,544 (48.8%) 2,154 (54.3%) 992 (45.0%) 398 (36.4%) < .001

Smoking intensity (cigarettes/d) 28.1 � 10.9 28.1 � 11.0 27.6 � 10.6 29.2 � 11.0 < .001

Smoking duration, y 39.9 � 7.4 39.6 � 7.2 40.0 � 7.5 41.2 � 7.7 < .001

Time since smoking cessation, y 3.8 � 5.1 3.4 � 4.9 4.1 � 5.2 4.6 � 5.1 < .001

Self-reported COPD 366 (5.0%) 118 (3.0%) 95 (4.3%) 153 (14.0%) < .001

Personal history of cancer 283 (3.9%) 162 (4.1%) 91 (4.1%) 30 (2.7%) .10

Family history of lung cancer 1,623 (22.3%) 910 (23.0%) 484 (22.0%) 229 (21.0%) .32

Data are presented as means � SD for continuous variables and counts (proportions) for categorical variables. %LAA ¼ percent low attenuation area
(defined as the percentage of lung volume with voxels less than –950 Hounsfield units on CT imaging of the chest).
aP value comparing the three %LAA groups using analysis of variance for continuous variables and the c2 test for categorical variables.
Emphysema and Airflow Obstruction Prevalence

Among the 7,262 participants included in this
analysis, 2,700 (37.2%) had spirometry performed. Of
these, 892 (33.0%) had chronic airflow obstruction.
Male subjects had a higher prevalence of airflow
obstruction than female subjects (36.9% vs 28.6%;
P < .001). Within each sex, individuals aged $ 65
years had a higher prevalence of airflow obstruction
compared with those aged < 65 years:
43.8% vs 33.9% for male subjects (P < .001) and
36.8% vs 25.6% for female subjects (P < .001). The
medians and interquartile ranges for %LAA were
2.0% (0.4%-6.4%) in participants with airflow
obstruction and 0.3% (0.1%-1.0%) in those without
airflow obstruction. Histograms of %LAA distribution
in participants with and without airflow obstruction
are shown in e-Figure 2. Many smokers with airflow
obstruction had mild emphysema, whereas some
smokers without airflow obstruction had a significant
burden of emphysema.
chestjournal.org
In a logistic regression model adjusted for age and sex,
each 1% increase in %LAA was strongly associated with
airflow obstruction (OR, 1.07; 95% CI, 1.06-1.09; P <

.001). To further characterize this cross-sectional
association between airflow obstruction and quantitative
emphysema on LDCT imaging, we studied the accuracy
of a %LAA cut off of 1% for the presence of airflow
obstruction in different age and sex subgroups. This
practical cutoff was selected because the optimal %LAA
cut off for distinguishing between those with and
without airflow obstruction was 1.27% after
maximization of the Youden index (sensitivity þ
specificity, – 1). %LAA > 1% best predicted the presence
of airflow obstruction in male subjects aged $ 65 years
(sensitivity, 74%; specificity, 66%; AUC, 0.77), followed
by female subjects aged $ 65 years (sensitivity, 65%;
specificity, 73%; AUC, 0.75) (Fig 2). The sensitivities,
specificities, positive predictive values, negative
predictive values, and their 95% CIs according to
subgroups of participants are listed in e-Table 3. The
1815
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Figure 1 – Kaplan-Meier curves showing inverse-weighted time-to-event
probabilities for lung cancer incidence according to %LAA groups. %
LAA ¼ percent low attenuation area.
highest specificity of %LAA > 1% for the presence of
airflow obstruction was in female subjects aged < 65
years.

In this group of participants with available spirometry,
%LAA did not achieve statistical significance for
predicting lung cancer incidence and mortality due to
loss of power from reduced sample size but retained
effect sizes comparable in magnitude and direction to
the entire cohort (e-Table 4). In this same group, airflow
obstruction was associated with all outcomes but
achieved statistical significance for lung cancer mortality
only (HR, 1.77; 95% CI, 1.03-3.05; P ¼ .04).

Discussion
In this analysis of NLST data, we show that quantitative
emphysema measured on LDCT imaging is
independently associated with lung cancer incidence,
lung cancer mortality, and all-cause mortality at 6 years
of follow-up in current or former smokers undergoing
lung cancer screening. We also show that quantitative
emphysema on LDCT imaging is associated with higher
odds of airflow obstruction and that a %LAA cut off of
1% can identify airflow obstruction with good accuracy
in individuals aged > 65 years.

Although tobacco exposure is the leading cause of both
emphysema and lung cancer, emphysema is an
established risk factor for lung cancer even after
accounting for smoking history.19,20 Persistent
inflammation in the lung parenchyma has been
proposed as a mechanistic driver of this link between
1816 Original Research
emphysema and lung cancer.21 In their constant
attempts to repopulate injured areas of the lung in
response to chronic damage induced by cigarette
smoking, bronchoalveolar stem cells may in time start to
proliferate uncontrollably, thereby leading to
tumorigenesis.22 Not only does emphysema provide a
milieu conducive to malignancy, but it also promotes
tumor growth and aggressiveness. Murakami et al23

showed that stage I non-small cell lung cancers arising
from pulmonary emphysema are associated with higher
tumor microvessel density, proliferative activity and
postoperative recurrence rate compared with cancers
arising from non-emphysematous lung.

Emphysema detected visually on CT imaging has been
associated with lung cancer incidence and mortality
following a dose-response relationship based on the
grade of visual emphysema (eg, none, trace, mild,
moderate, confluent, advanced).11,24,25 However, visual
assessment of emphysema severity remains limited by
interobserver variability.26-28 We show that automated
quantification of emphysema measured on noise-filtered
LDCT imaging using a cut off of –950 Hounsfield units
in current or former smokers undergoing lung cancer
screening is also associated with lung cancer incidence
and mortality. Therefore, the routine use of emphysema
quantification can significantly inform lung cancer risk
prediction. To illustrate this point, consider two
hypothetical patients with identical demographic
characteristics, smoking histories, and personal/family
histories of malignancy but with quantitative
emphysema on LDCT imaging of 1% for patient A and
10% for patient B. Compared with patient A, patient B
has a 20% higher risk of developing lung cancer in the
next 6 years according to our risk prediction model. By
contrast, had emphysema been treated as a binary
variable (present vs absent), estimates of lung cancer risk
would have been identical for both patients. Each
individual who smoked has a pretest probability of lung
cancer based on individual risk factors but a potentially
different posttest probability based on CT findings such
as emphysema severity and nodule characteristics.

The association between %LAA and lung cancer
incidence was maintained when adjusted for age and sex
only, which suggests that parsimonious lung cancer risk
prediction models are valid and feasible. Age, sex, and %
LAA can be automatically extracted from a radiology
examination to generate a personalized report that could
aid both the patient and the clinician in their discussion
of lung cancer risk. Our results also suggest that both
quantitative emphysema and airflow obstruction are
[ 1 5 9 # 5 CHE ST MA Y 2 0 2 1 ]



TABLE 2 ] Multivariable Cox Regression Model of Lung Cancer Incidence

Variable Hazard Ratio (95% CI) P Value

Age (per 1-y increase) 1.04 (1.00-1.08) .03

Race and ethnicity

Non-Hispanic White 1.00 [reference group]

Non-Hispanic Black 0.99 (0.59-1.65) .96

Hispanic or other 0.43 (0.19-0.96) .04

Education (per 1-level increase) 0.94 (0.88-1.01) .08

BMI (per 1-kg/m2 increase) 0.97 (0.95-0.99) .02

Smoking status (current vs former) 1.04 (0.77-1.40) .81

Smoking intensity (per 1-cigarette/d increase) 1.02 (1.01-1.03) < .001

Smoking duration (per 1-y increase) 1.06 (1.03-1.09) < .001

Time since smoking cessation (per 1-y increase) 0.97 (0.93-1.01) .20

Self-reported COPD (yes vs no) 1.45 (1.00-2.10) .048

Personal history of cancer (yes vs no) 0.98 (0.57-1.67) .94

Family history of lung cancer (yes vs no) 1.39 (1.10-1.76) .006

%LAA (per 1% increase) 1.02 (1.01-1.03) .004

%LAA ¼ percent low attenuation area (defined as the percentage of lung volume with voxels less than –950 Hounsfield units on CT imaging of the chest).
individually important for predicting long-term
outcomes, especially lung cancer incidence for %LAA
and lung cancer mortality for FEV1/FVC < 0.7.
Although a higher extent of emphysema is generally
associated with the presence of airflow obstruction,
many individuals with FEV1/FVC < 0.7 had a low
burden of emphysema in the current cohort, whereas
some individuals with FEV1/FVC $ 0.7 had significant
emphysema. Therefore, both chest CT imaging and
spirometry play a role in risk prediction depending on
the clinical manifestations of each individual’s
underlying lung disease.

Our results have important implications for the
optimization of lung cancer screening. The optimal
interval between LDCT screenings remains unknown
but is likely affected by baseline risk. It is possible that
select lower risk screen-eligible patients could safely
undergo screening at intervals longer than 1 year.
Considering the presence and severity of emphysema on
the first LDCT screening may be helpful in refining risk
prediction. Although NLST participants with a negative
baseline screen had a significantly lower incidence of
and mortality from lung cancer over the course of the
trial,29 visual emphysema detected on a negative baseline
screen was an independent predictor of a subsequent
lung cancer diagnosis.30 Specifically, the number needed
to screen was substantially lower in participants with
visual emphysema compared with those without
emphysema at baseline (28 vs 62 at the second
screening, and 40 vs 91 at the third screening). Further
chestjournal.org
research is needed to guide how to best exploit all
available demographic, clinical, and radiologic data to
improve the accuracy of lung cancer risk prediction and
to inform decisions regarding screening frequency.
Artificial intelligence, which has had a number of
successful applications in clinical medicine, may well
serve such a purpose.31 In fact, a machine learning
approach applied to chest CT scans of individuals who
smoked showed promising results for predicting
important outcomes such as respiratory events and
deaths.32

The finding of a strong correlation between emphysema
and airflow obstruction on spirometry also points to an
important collateral benefit of lung cancer screening. The
detection of emphysema on LDCT imaging of the chest
should alert the prescribing physician to the possibility of
underlying COPD if not already diagnosed, particularly in
patients with chronic respiratory symptoms (eg, shortness
of breath, cough, mucus production). Although COPD
affects close to 30 million individuals and is the fourth
leading cause of death in the United States,33,34 it remains
substantially underdiagnosed.13,35 Factors contributing to
underdiagnosis include underutilization of spirometry and
attribution of respiratory symptoms to older age or
physical deconditioning.36 In this analysis, we show that %
LAA as low as 1% predicts airflow obstruction with good
accuracy, especially in older individuals. Therefore, a
finding of %LAA $ 1% should, at the very least, prompt
clinical providers to obtain spirometry in symptomatic
individuals, if not already performed. Beyond emphysema
1817
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Figure 2 – Receiver-operating characteristic curves showing the discriminative ability of % low attenuation area > 1% for airflow obstruction in
different age and sex subgroups. AUC ¼ area under the curve.
detection, LDCT imaging of the chest provides a valuable
opportunity to deliver better comprehensive care to
individuals who smoke and undergo lung cancer
screening. Examples include performing smoking cessation
interventions at the point of screening for individuals who
currently smoke37 and instituting cardiovascular disease
risk assessments in individuals with coronary artery
calcium detected on LDCT imaging.38

Our analysis has several limitations. First, participants
who did not meet acceptable CT reconstruction
parameters were excluded due to inability to accurately
process their scans through automated densitometry.
Further research is needed to understand how to
overcome these technical barriers and widen the
applicability of these analytic methods. Second, in
addition to the severity of emphysema, the type of
emphysema (eg, centrilobular, panlobular, paraseptal) is
1818 Original Research
clinically important regarding lung cancer risk and
COPD morbidity.39-41 Such information can currently
only be obtained from visual assessments of emphysema.
Third, a post-bronchodilator FEV1/FVC < 0.7 is
required to establish a diagnosis of COPD but we used
pre-bronchodilator spirometry in this analysis.42

Although this approach could result in false-positive
findings for the diagnosis of COPD, such
misclassification is unlikely to have been frequent given
the extensive smoking histories of participants enrolled
in NLST. Fourth, our analysis did not study CT metrics
other than emphysema that can also significantly
contribute to airflow obstruction, such as airway wall
thickness and bronchiectasis. Fifth, our analysis did not
include data on regional quantitative emphysema, which
have the potential to further refine risk prediction
models for clinically relevant outcomes. For example,
upper-lobe-predominant emphysema has been
[ 1 5 9 # 5 CHE ST MA Y 2 0 2 1 ]



associated with higher lung cancer incidence and greater
5-year progression of emphysema, whereas lower-lobe-
predominant emphysema has been associated with more
severe airflow obstruction.43,44

Conclusions
Quantitative emphysema measured on LDCT
imaging of the chest is a valuable tool to predict
chestjournal.org
long-term outcomes, and it suggests the diagnosis
of COPD in symptomatic individuals who currently
or previously smoked and are undergoing lung
cancer screening. Further investigation is needed
to determine how best to operationalize it on a
large scale to generate individualized risk
predictions for lung cancer and COPD in actual
clinical practice.
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