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Abstract

Rationale: Annual computed tomography (CT) is now widely
recommended for lung cancer screening in the United States,
although concerns remain regarding the potential harms, including
those from overdiagnosis.

Objectives: To examine the effect of airflow limitation on
overdiagnosis bycomparing lungcancer incidence, histology, and stage
shift in a subgroup of the National Lung Screening Trial (NLST).

Methods: In anNLST subgroup (n = 18,714), screening participants
were randomized to annual computed tomography (CT, n = 9,357)
or chest radiograph (n = 9,357) screening and monitored for a mean
of 6.1 years. After baseline prebronchodilator spirometry, to identify
the presence of airflow limitation, 18,475 subjects (99%) were
assigned as having chronic obstructive pulmonary disease (COPD)or
no COPD. Lung cancer prevalence, incidence, histology, and stage
shift were compared after stratification by COPD.

Measurements and Main Results: For screening participants
with spirometric COPD (n = 6,436), there was a twofold increase
in lung cancer incidence (incident rate ratio, 2.15; P, 0.001) and,
when compared according to screening arm, no excess lung cancers
and comparable histology. Compared with chest radiography, there
was also a trend favoring reduced late-stage and increased early-stage
cancers in the CT arm (P = 0.054). For those with normal baseline
spirometry (n = 12,039), we found an excess of lung cancers during
screening in theCTarm,almost exclusivelyearly-stageadenocarcinoma-
related cancers (histology shift and overdiagnosis). After correction for
these excess cancers, stage shift was marginal (P = 0.077).

Conclusions: In the CT arm of the NLST-ACRIN (American
College of Radiology Imaging Network) cohort, COPD status was
associated with a doubling of lung cancer incidence, no apparent
overdiagnosis, and a more favorable stage shift.

Keywords: National Lung Screening Trial; chronic obstructive
pulmonary disease; airflow limitation; overdiagnosis; stage shift

On the basis of a 20% reduction in lung cancer
deaths in the computed tomographic (CT)
screening arm of the National Lung Screening
Trial (NLST), yearly CT screening for lung
cancer is now widely recommended (1–4).

However, published reviews of the benefits
and harms of cancer screening have raised
concerns about the potential harms due to
radiation exposure, unnecessary invasive
workup, and overdiagnosis (5–7).

Overdiagnosis is the identification and
treatment of cancers that would not
otherwise have caused death (8–10) and has
been the basis of a review of existing
screening programs for breast, colon, and
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prostate cancers (6). In an analysis of the
NLST, it has been estimated that 18.5% of
the cancers detected in the CT arm may
represent overdiagnosis (8). For every 320
smokers undergoing CT screening, one life
was saved from lung cancer and 1.38 cancers
were “overtreated” (8). This raises the
question, “Are there any biomarkers or
patient characteristics that are associated
with overdiagnosis in lung cancer screening?”

A central feature of overdiagnosed
cancers is a long volume-doubling time (VDT)
(11). In lung cancer this has been arbitrarily
defined as greater than 365–400 days (10–12).
Applying this criterion to the results from a
single-arm CT screening trial of 3,642
smokers, Wilson and colleagues reported
that 48% of non–small cell lung cancer
cases, and 67% of prevalent cancers, were
slow growing and potentially defined as
overdiagnosed cancers (11). In a reanalysis
of that data it was shown that compared
with those with chronic obstructive
pulmonary disease (COPD), defined as
prebronchodilator airflow limitation on
spirometry testing, screening participants

with normal lung function had a twofold
greater prevalence of lung cancers with a
long VDT (slow growing) (13). A similar
finding was reported by Veronesi and
colleagues (14, 15). The relationship
between airflow limitation (COPD) and
overdiagnosis of lung cancer (13) has not
yet been reported in the NLST.

Screening significantly reduces mortality
by simultaneously increasing the absolute
numbers of cancers diagnosed at an early
treatable stage and reducing the absolute
numbers of late-stage cancers (i.e., clinically
relevant stage shift) (5–7, 16). This contrasts
with merely increasing the proportion of early-
stage cancers, many of which represent “excess
cancers” identified through screening-
related overdiagnosis (6–10). It is
noteworthy that in all the large controlled
CT lung cancer screening studies reported
to date (7, 14, 17, 18), there has been an
excess of cancers detected in the CT arm
compared with the control arm. The
majority of these excess cancers are early-
stage cancers, predominantly of the
adenocarcinoma (AC) or bronchioloalveolar
subgroup (formerly known as BAC); these
BAC-related cancers have been reclassified
as adenocarcinoma in situ, minimally
invasive adenocarcinoma, or invasive
adenocarcinoma, lepidic predominant (8, 19).
That CT screening identifies a significant
excess of these “early-stage” adenocarcinoma-
associated cancers, described previously as a
“histology shift,” is a well-known feature of
CT screening for lung cancer (9, 19). It is
because of this histology shift, masquerading
as a stage shift (increase in early-stage
cancers), that single-arm CT studies cannot
exclude overdiagnosis, or directly correlate
stage shift with survival benefit (18, 20).
To better understand the potential for
histology shift and overdiagnosis in the
NLST, we initially examined the full
NLST results to determine lung cancer
prevalence/incidence and lung cancer
histology according to screening arm
and interval (see the online supplement)
(8, 21, 22). Using data from participants
enrolled through the American College of
Radiology Imaging Network (NLST-ACRIN
cohort), which included 18,714 participants
with spirometry testing, we examined the
effect of airflow limitation (COPD) at
baseline on lung cancer prevalence/
incidence, histology shift, and clinical stage.
Preliminary results from this study have
been previously reported in the form of an
abstract (23).

Methods

In the ACRIN cohort of the NLST,
participants from 23 centers agreed to take
part in the study, which included baseline
prebronchodilator spirometry (21, 22).
From this cohort of 18,714 ACRIN-based
NLST participants, 768 patients with
histology-confirmed lung cancer were
diagnosed over the study period of 7.5
years. Data from the NLST-ACRIN cohort
provide a unique opportunity to examine
the effect of COPD status on CT screening
for lung cancer (23).

Spirometry was measured at
baseline with a SpiroPro spirometer
(eResearchTechnology, GmbH, Estenfeld,
Germany), taking the best maneuvers of
acceptable blows. Consistent with other CT
screening studies (11, 14, 17, 18), COPD
was defined by the presence of airflow
limitation based on prebronchodilator
spirometry (FEV1/FVC, 0.70) and COPD
severity (FEV1% predicted) according to the
Global Initiative on Chronic Obstructive
Lung Disease (GOLD) criteria grades 1–4
(www.gold.org; accessed June 18, 2014).
Spirometry was performed only when the
following criteria were met: no chest
infection in the preceding 3 weeks and no
use of a short-acting bronchodilator inhaler
in the preceding 6 hours or long-acting
bronchodilator in the preceding 24 hours.
Those not meeting these criteria were
rescheduled for spirometric testing at a later
date. Patients with lung cancer were
identified as those diagnosed after baseline
screening and confirmed on histological
sampling according to accepted
international classification criteria (22).
Of the 768 lung cancers identified, lung
function results and lung cancer histology
results were available for 758 patients with
lung cancer (99% of total).

Statistical Analysis
Differences in lung cancer prevalence,
incidence, incidence rates, and incidence
rate ratios, stratified by screening arm,
screening interval, and histology, were
compared (see the GLOSSARY in the online
supplement). Differences in lung cancer
prevalence according to screening arm
and stratified by COPD were compared
using 23 2 tables with Fisher’s exact
test. Incidence rates were compared using
incidence rate per 1,000 person-years,
incidence rate ratio per 1,000 person-years,

At a Glance Commentary

Scientific Knowledge on the
Subject: Although the National Lung
Screening Trial (NLST) shows that
computed tomographic (CT) screening
for lung cancer reduces lung cancer
mortality by 20%, concerns remain
regarding the potential harms,
including from overdiagnosis. In a post
hoc analysis of the NLST,
overdiagnosis is estimated to account
for 18% of lung cancers identified
during screening, so that for every one
life saved, one person suffers
overtreatment.

What This Study Adds to the
Field: In this post hoc analysis of the
NLST, we find that screening
participants with airflow limitation
have twofold greater lung cancer
incidence, minimal overdiagnosis, and
a more favorable stage shift compared
with those with no airflow limitation,
after correction for overdiagnosis.
These results suggest the benefit-to-
harm ratio of CT screening may differ
across subgroups of those currently
eligible for lung cancer screening.
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mid-P exact test (24), and exact confidence
intervals. Differences in histology and clinical
stage in the lung cancer cases were
compared according to COPD status and
screening arm, using 23 2 tables with
Fisher’s exact test. Significance was defined as
a two-tailed P, 0.05. All statistical analyses
were performed with SAS (version 9.4; SAS
Institute, Cary, NC) and STATA (StataCorp,
College Station, TX) statistical software.

Results

Demographic Variables of the
NLST-ACRIN Cohort
Table 1 shows a comparison of the
demographic characteristics of the full NLST
trial cohort (n = 53,452) and lung cancer
cases (n = 2,058) compared with the NLST-
ACRIN cohort (n = 18,714) and lung cancer
cases (n = 768) (21, 22, 25). The NLST-
ACRIN cohort participants are similar to the
full NLST study participants with respect to
the most important demographic variables
of age, sex, pack-years, percent current
smokers, and body mass index. On the basis
of the pulmonary function testing in the

NLST-ACRIN cohort (n = 18,714), 64.3%
had no COPD, a further 27.4% had GOLD
1–2 COPD, 5.8% had GOLD 3 COPD, and
1.1% had GOLD 4 COPD (Table 1). There
were missing data for 239 subjects.

Lung Cancer Histology According to
Screening Arm Stratified by COPD
Status
A comparison of the lung cancer prevalence,
incidence rate, histology, and clinical stage,
according to the presence or absence of
COPD, is shown in Table 2. Regardless of
the screening interval, patients with COPD
were associated with a twofold greater lung
cancer incidence rate than were those with
normal lung function (P, 0.001 for
screening and follow-up intervals; Table 2).
COPD was also associated with significantly
fewer BAC-related cancers and significantly
more non–small cell lung cancer histology
(Table 2). Table 3 and Figure 1 show a
detailed breakdown of all lung cancers
(n = 758) by histology, after stratification
by COPD status and screening arm.
In those diagnosed with lung cancer and
spirometric COPD (n = 401), the lung cancer

prevalence was nominally the same and the
overall distribution of lung cancer histology
was comparable in each screening arm with
no evidence of a histology shift (Table 3 and
Figure 1A). In contrast, in patients with lung
cancer with no COPD at baseline (n = 357),
there were an additional 29 lung cancers in
the CT arm compared with the CXR arm
(Table 3 and Figure 1), attributable to the 30
additional BAC-related cancers in the CT
arm (Table 3). Of the 30 excess BAC lung
cancers detected in the normal lung function
group, 27 (90%) were identified in the
screening (T0–T2) interval (comparable to
findings in the full NLST; see Figure E2 in
the online supplement).

Lung Cancer Staging According to
Screening Arm Stratified by COPD
Status
For those patients with lung cancer with
spirometric COPD (Table 3), early-stage
cancer (absolute numbers) was significantly
greater for the CT arm (117) compared
with the CXR arm (53% vs. 43%) with a
corresponding drop in late-stage cancer

Table 1. Comparison of Baseline Demographics and Spirometric Data for NLST Study Subjects and NLST-ACRIN Cohort

Screening Trial

NLST (Main Study) NLST-ACRIN Cohort

Screening
Participants Lung Cancer Cases Total Cohort Lung Cancer Cases

Subject demographics
Number 53,452 2,058 18,714 768
Mean (SD) age, yr 61.4 (5.0) 63.7 (5.3) 61.6 (5.0) 63.6 (5.2)
Male, % 59 60 55 56
Mean (SD) pack-years 56.0 (23.9) 64.9 (27.1) 55.9 (23.5) 63.9 (27.0)
Current smokers, % 48 60 50 60
Family history of lung cancer, % 22 26 23 26
Self-reported COPD,* % 17 27 20 32
Mean (SD) body mass index 27.9 (5.0) 26.8 (4.7) 27.8 (5.1) 26.9 (4.9)

Pulmonary function tests
Total† ND ND 18,714 768
GOLD 1 ND ND 1,607 (8.6%) 78 (10.2%)
GOLD 2 ND ND 3,528 (18.9%) 213 (27.7%)
GOLD 3–4‡ ND ND 1,294 (6.9%) 109 (14.2%)
GOLD status unknown (due to missing data)x 7 (,1%) 1 (,1%)
ALL COPD ND ND 6,436 (34.4%) 401 (52.2%)
No COPD ND ND 12,039 (64.3%) 357 (46.5%)
Missing spirometry data ND ND 239 (1.3%) 10 (1.3%)

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; GOLD = Global Initiative for Chronic Obstructive Lung Disease; ND =
not done; NLST = National Lung Screening Trial; NLST-ACRIN = NLST participants enrolled through the American College of Radiology Imaging
Network.
*Self-reported COPD in the NLST was based on questionnaire responses referring to the past diagnosis of COPD, emphysema, chronic bronchitis, or a
combination of these.
†Pulmonary function results were available for 99% of screening participants and lung cancer cases.
‡Stage 4 COPD: 1.1% in total cohort and 2.7% in lung cancer cases.
xCOPD based on FEV1/FVC, 0.70 but percent predicted FEV1 not known owing to missing height.
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(223) in the CT arm (47% vs. 57%). This
difference in reduced late-stage cancers
(P = 0.054) corresponds to a clinically relevant
stage shift in which an absolute reduction in
late-stage cancers occurs together with an
increase in early-stage cancers, where the
latter does not include excess or
overdiagnosed lung cancers (see below).

The previously described finding differs
from that of the lung cancer cases found
in participants with no COPD (Table 3),
where there was an excess of cancers in
the CT arm compared with the CXR arm
(also observed in the full study and shown in
Figures E1 and E2). This is associated with a
shift toward early-stage cancers (59% vs. 42%)
in the CT arm (143) and a downward
shift (217) in late-stage cancers (41% vs. 58%,
respectively; P = 0.0020). On a reanalysis of
the no-COPD data, when 26 of the 29

“excess” cancers in the CT arm (Table 3) are
excluded from the analysis, representing
those early-stage BAC-related cancers from
the T0–T2 screening interval, the stage shift
is now no longer significantly in favor of the
CT arm (P = 0.077). After removing these 26
BACs (potentially overdiagnosed cancers),
we found that the reduction in late-stage
cancers was less in absolute numbers in
favor of CT screening than CXR (increase
in early-stage cancer of 117 and decrease
in late-stage cancer of 217) for no COPD
(Table 3). This is less than we found for
those with COPD, for whom there was an
increase in early stage of117 and a decrease
in late stage of 223 (Table 3). Given that
smokers with COPD account for only
35% of all screening participants in the
NLST-ACRIN cohort but 53% of all lung
cancers (Table 2), we estimate that nearly

two-thirds of the reduced late-stage
shift from CT screening may come from
those with underlying COPD. This
estimate is based on the stage shift data
in Table 3: (1) similar reductions in late-
stage cancers (with CT in COPD, 223/201
CXR cancers [11.4%]; with CT in no COPD,
217/164 CXR cancers [10.4%]) and (2)
COPD prevalence in the whole study and in
those with lung cancer (35 and 53%,
respectively; i.e., 0.35O 0.53 = 0.66 or 66%).

Discussion

In an analysis of the NLST-ACRIN cohort,
we found significant differences in lung
cancer incidence and lung cancer histology
according to COPD status. The annual lung
cancer incidence, regardless of screening
interval, was twofold greater in participants
with COPD compared with those with
normal lung function. In those patients with
lung cancer with COPD at baseline, there
were no excess cancers in comparing the CT
and CXR arms, with comparable histology
and a nearly significant stage shift in favor of
early-stage cancer over late-stage cancer
(Table 3). In those lung cancers found in
screening subjects with no COPD at
baseline, we found an excess of cancers
attributed entirely to early-stage cancers of
the BAC-related subgroup (Table 3). When
these were excluded, we found that the
stage shift favoring early-stage over late-
stage cancers was no longer significant.
This suggests that identifying lung cancer
by CT screening in smokers with COPD
may result in more cancers per person
screened while minimizing overdiagnosis.

It is well accepted that overdiagnosis is
an issue for cancer screening programs and
that CT screening identifies many lung
cancers that may not be life-threatening
(8–13, 26). In an analysis of the NLST
study, it was estimated that overdiagnosis
accounted for about 18.5% of all lung
cancers detected in the CT arm (8).
However, although there was a 35% excess
of lung cancers in the CT arm compared
with the CXR arm during screening
(T0–T2) in the full NLST (see data in the
online supplement, including Figure E2 and
Table E1), there was approximately double
that reported in the Danish Lung Cancer
Screening Trial, where there was an excess
of 65% in the CT arm compared with no
screening (17–19). The latter suggests that
compared with no screening, the potential

Table 2. Comparison of Lung Cancer Incidence Rate, Histology, and Clinical Stage
According to Chronic Obstructive Pulmonary Disease Status in the NLST-ACRIN
Cohort

Characteristic COPD No COPD Total P Value

Total 6,436 (34.8%) 12,039 (65.2%) 18,475*
Lung cancer prevalence

by screening arm
401 (53%) 357 (47%) 758 ,0.0001

CXR 201 (50%) 164 (46%) 365 0.27
CT 200 (50%) 193 (54%) 393
Excess cancer 21 129 128

Lung cancer incidence rate
by interval (per 1,000
person-years)

T0–T6 8.12 3.78 5.27 ,0.001†

T0–T2 12.73 6.01 8.33 ,0.001‡

T3–T6 5.14 2.36 3.31 ,0.001x

Lung cancer prevalence by
histology

0.0035

Small cell 60 (15%) 51 (14%) 111 (15%)
Squamous cell 95 (24%) 73 (20%) 168 (22%)
Adenocarcinoma 127 (32%) 129 (36%) 256 (34%)
BAC 19 (5%) 40 (11%) 59 (8%)
Large cell 16 (4%) 14 (4%) 30 (4%)
Non–small celljj 81 (20%) 50 (14%) 131 (17%)
Other 3 (,1%) 357 3 (,1%)
Total 401 758

Lung cancer prevalence by
clinical staging

0.10

Early 187 (47%) 181 (51%) 368 (49%)
Late 203 (51%) 173 (48%) 376 (50%)
Unknown 11 (3%) 3 (1%) 14 (2%)
Total 401 357 758

Definition of abbreviations: BAC = bronchioloalveolar cancer; COPD = chronic obstructive pulmonary
disease; CT = computed tomography; CXR = chest radiograph; NLST-ACRIN = National Lung
Screening Trial participants enrolled through the American College of Radiology Imaging Network.
*18,714 2 missing data (239) = 18,475.
†Incident rate ratio (IRR) = 2.15 (95% confidence interval [CI], 1.86–2.48) (T6 includes follow-up years
7 and 8).
‡IRR = 2.12 (95% CI, 1.76–2.55).
xIRR = 2.18 (95% CI, 1.72–2.76).
jjUnspecified non–small cell lung cancer.
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for overdiagnosis in CT-based lung
cancer screening may be even higher
than previously anticipated (8). That a
significant excess of lung cancers detected
by CT during the screening period then
became a significant deficit for the next 2–3
years of follow-up (see Figures E1 and E2)
suggests many of the cancers detected
during screening (T0–T2) had long
doubling times (.365 d) (9, 11, 12, 26, 27).
This is particularly relevant in Figure E2
showing that in the CT arm, the
incidence of BAC-related cancers reduces
dramatically during follow-up, while the
excess non–small cell lung cancer (NSCLC)
during screening (T0–T2) becomes a deficit
during follow-up (T3–T6). This contrasts
with the results for those randomized to the
CXR arm, where lung cancer incidence
(and histology) was relatively stable across
the screening and follow-up intervals
(z130/yr; Figures E1 and E2, and Table E1).
That the BAC-related cancer prevalence
during CT follow-up (T3–T6) is comparable
to both CXR intervals (Table E1) suggests
that the vast majority are overdiagnosed and
mostly indolent, consistent with the

findings of Patz and colleagues (8). In
contrast to the SCLC/other histology group,
in which prevalence is comparable
irrespective of screening arm or interval, for
the NSCLC group the excess during CT
screening (T0–T2) is 1.5-fold the deficit
(1171/2113) during 4 years of follow-up
(Table E1). We suggest that this large
excess of NSCLC during screening in the
full NLST (8), followed by a
disproportionately smaller deficit during
follow-up, indicates that a large
proportion of NSCLC detected in the CT
arm reflects a histology shift and
overdiagnosis, identifying lung cancers
behaving in either an “indolent” or “less
aggressive” manner (9–12, 26, 27). On the
basis of these findings, we would reframe
the question posed by Detterbeck in his
editorial on overdiagnosis (26), that is, “Is
the detection of these cancers purely
‘tangential’ to the implementation of CT
screening?” as “Is it better to focus on (or
target) more aggressive lung cancers?”

Consistent with other CT screening
studies, the excess lung cancers in the
NLST were primarily of the BAC-related

and AC histological subtypes (Figure 1 and
Figures E1 and E2) (8). These findings
concur with preliminary data from the
European CT screening studies, specifically,
Continuous Observation of Smoking
Subjects (COSMOS), Danish Lung Cancer
Screening Trial (DLST), and Dutch–Belgian
Lung Cancer Screening Trial (NELSON)
(14, 17, 18). Screening studies reporting
VDT have observed that most cancers with
a VDT equal to or exceeding 400 days are
either BAC-related cancers or AC (11, 12,
27). Pastorino states that “when there is an
increase above the expected number of
BAC-related cancers and AC lung cancers
found on screening, then overdiagnosis
should be considered” (9). The data we
report here show for the first time that
these excess cancers are limited to those
with normal lung function (discussed
further later). It has been suggested that CT
screening identifies a distinct type of
“adenocarcinoma” with more indolent
behavior, represented by either BAC (now
classified as a subgroup of adenocarcinomas)
or slow-growing adenocarcinoma (27). Just
what proportion of these excess cancers

Table 3. Distribution of Lung Cancer Histology and Stage in NLST-ACRIN Cohort, According to Screening Arm and Presence of
Spirometry-defined Chronic Obstructive Pulmonary Disease at Baseline

COPD: GOLD 1–4 (n = 401) No COPD (n = 357)

CXR Arm CT Arm Abs Diff. Total CXR Arm CT Arm Abs Diff. Total Overall Total

Histology
Small cell 34 (17%) 26 (13%) 28 60 (15%) 30 (18%) 21 (11%) 29 51 (14%) 111
Squamous cell 44 (22%) 51 (26%) 17 95 (24%) 32 (20%) 41 (21%) 19 73 (20%) 168
Adenocarcinoma 63 (31%) 64 (32%) 11 127 (32%) 63 (38%) 66 (34%) 13 129 (36%) 256
BAC* 7 (3%) 12 (6%) 15 19 (5%) 5 (3%) 35 (18%) 130† 40 (11%) 59
Large cell 9 (4%) 7 (4%) 22 16 (4%) 8 (5%) 6 (3%) 22 14 (4%) 30
Non–small cell 43 (21%) 38 (19%) 25 81 (20%) 26 (16%) 24 (12%) 22 50 (14%) 131
Other (carcinoid) 1 (,1%) 2 (1%) 11 3 (0.8%) 0 0 0 0 (0%) 3
Total 201 200 21 401 164 193 129 357 758

Clinical stage
Stage 1–2 85 (43%) 102 (53%) 117 187 69 (42%) 112 (59%) 143 181 368
Stage 3–4 113 (57%) 90 (47%) 223‡ 203 95 (58%) 78 (41%) 217x 173 376
Subtotal 198 192 -6 390 164 190 126 354 744
Unknown stage 3 8 15 11 0 3 13 3 14
Total 201 200 -1 401 164 193 129 357 758

Definition of abbreviations: Abs Diff. = absolute difference; BAC = bronchioloalveolar cancer; COPD = chronic obstructive pulmonary disease; CT =
computed tomography; CXR = chest radiograph; GOLD =Global Initiative for Chronic Obstructive Lung Disease; NLST-ACRIN =National Lung Screening
Trial participants enrolled through the American College of Radiology Imaging Network.
*BAC includes adenocarcinoma in situ, minimally invasive adenocarcinoma, and invasive adenocarcinoma, lepidic predominant.
†Of the 35 excess BACs in the CT arm, 30 (86%) come from the “No COPD” group, 6-fold greater than in those with COPD. Of these 30 excess BACs, 27
were diagnosed during the T0–T2 interval.
‡In those with COPD, a trend toward a favorable stage shift toward early stage was seen in the CT arm compared with the CXR arm (odds ratio [OR], 1.51;
95% confidence interval [CI], 1.00–2.29; P = 0.054), which was associated with an absolute reduction in late-stage cancer (223).
xIn those with no COPD, a favorable stage shift toward early stage was seen in the CT arm compared with the CXR arm, and a change in late-stage
cancers (217) was seen (OR, 1.97; 95% CI, 1.27–3.09; P = 0.002). When the excess lung cancers (126 early-stage BAC from T0 to T2; see text) were
excluded from the analysis, the stage shift was no longer significant (OR, 1.52; 95% CI, 0.96–2.40; P = 0.077). Excluding all 30 excess BACs in the CT
versus CXR arm (T0–T6), P = 0.098.
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represents truly indolent disease remains
uncertain, but it is clear that overdiagnosis is
an important issue in lung cancer screening
by CT and may place at harm a significant
number of asymptomatic (otherwise
“healthy”) smokers (8). The question then
becomes “what biomarkers or strategies
are available that might help minimize
overdiagnosis and maximize the stage shift
during screening?”

When we stratified the lung cancer cases
in the NLST-ACRIN cohort by COPD status,
we found that in those with COPD, there
were no excess cancers and no histology
shift in the CT arm compared with the CXR

arm (i.e., no apparent histology shift or
overdiagnosis). However, we did find a nearly
significant stage shift toward early-stage lung
cancer with reduced late-stage cancers
(Table 2 and Figure 1). True stage shift,
wherein screening simultaneously leads to
an increase in early-stage and reduction in
late-stage cancers, likely underlies the
mortality reduction gained from screening
(16, 26). Indeed, in the CT arm of the NLST-
ACRIN cohort, we report an 11.5%
reduction (23/200) in late-stage cancers with
COPD, which contributes to the overall 20%
reduction in mortality reported in the NLST
(22). In contrast, among those with normal

lung function, excess cancers primarily of
the BAC-related histology were found. More
importantly, the increase in early-stage
cancers in those with no COPD, after
correction for this excess, resulted in an 8.8%
reduction in late-stage cancers (17/193) with
CT, wherein the stage shift was no longer
significant (Table 3 and Figure 1). That these
excess cancers were almost exclusively
identified by CT during the screening period
(T0–T2; Figure 1 and Figure E2) indicates
that the tendency to overdiagnosis (and
potential harm from overtreatment) is most
relevant to those with normal lung function.
This also suggests that COPD appears to be
associated with more aggressive forms of
CT-detected lung cancer, concordant with
findings from other screening studies
(11, 13). We note, in this study, that 68% of
all BAC-related lung cancers (40/59) were
identified in those with no COPD (Table 3).
This is important because many of these will
be identified as ground-glass opacities,
with indolent (nonprogressive) behavior,
that could be better managed with serial
CT scans. Such an approach will reduce the
potential for harm from unnecessary
intervention (i.e., reduce overdiagnosis). In a
small study of patients with mild-to-moderate
COPD undergoing yearly CT screening
compared with an unscreened COPD
group (28), the mortality reduction was
nearly 10-fold greater with screening
compared with no screening. Although
this finding requires confirmation in a
larger and better powered study, it suggests
that significant gains come from screening
those with mild to moderate COPD (29).
It is noteworthy that 79% of those with
COPD in the ACRIN-NLST cohort had
mild-to-moderate COPD, previously
associated with a significant risk of lung
cancer (30–33). Although some argue that
competing causes of death might dilute
the mortality gains of screening smokers
with COPD (34), the data do not bear this
out (33). In all three studies that address
this issue, after stratifying by the presence
or absence of COPD on presurgery
spirometry, comparable 5-year survival
outcomes were found after surgical
removal of early-stage NSCLC (35–37).
If the differences in stage shift we found
between COPD and no COPD were
translated directly to mortality reduction,
with no effect from competing causes of
death or perioperative death from COPD,
we estimate that the mortality reduction
would be nearly twofold greater in those
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Figure 1. Absolute lung cancer numbers according to COPD status and screening arm in the NLST-
ACRIN cohort, showing (A) excess early-stage BAC/Adeno and histology shift in the no-COPD
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with COPD than in those with no COPD
(66 and 34%, respectively). On the basis of
these observations, the differential effects
of spirometry-defined airflow limitation
(COPD) on mortality reduction in the
NLST-ACRIN cohort are currently the
subject of a detailed analysis.

In this subanalysis of the NLST, we
have shown that lung cancer incidence rates
were twofold greater in those with COPD
than in those with normal lung function
(Table 2). This replicates the results from
other screening studies showing greater
lung cancer detection (or diagnosis) rates
in those with COPD (29, 33, 38, 39). We
and others have previously noted that
NLST-based eligibility criteria for lung
cancer screening, limited to age and pack-
year exposure, have low sensitivity,
excluding between 50 and 70% of all lung
cancers from screening (39–41). In the
study by Sanchez-Salcedo and colleagues,
sensitivity of the eligibility criteria was
substantially increased when the presence
of airflow limitation or emphysema was
added to the current NLST-based
eligibility criteria (39). Collectively, these
findings suggest that when risk stratifying
current and former smokers for their
lung cancer risk, variables related to
susceptibility to COPD (age, smoking
history, self-reported COPD, low body
mass index, genetic factors, CT
emphysema, or lung function) can be
combined to derive a more precise overall
lung cancer risk (23, 25, 38, 42–45).

There are several potential limitations of
our study. We note that the NLST-ACRIN

cohort participants make up only 35% of the
full NLST study. However, the NLST-ACRIN
cohort appears to be representative
of the wider NLST population as the
demographic variables of this subgroup
are comparable to those of the full study
(Table 1). Consistent with other CT
screening studies (11, 14, 17, 18, 39, 45),
only prebronchodilator airflow limitation
was used in this study to define COPD
status. Such an approach allows for greater
comparability with these existing studies and
better reflects the community-based
(epidemiological) use of spirometry as a
screening tool for airflow limitation.
Although a misdiagnosis of asthma (or fully
reversible airflow limitation) is possible in
those we assigned as COPD, it is likely to be
modest (conferring a dilutional effect) in
this group of older heavy smokers (mean
age, 62 yr; mean pack-years, 56). A further
limitation of the study is that data on VDTs
are not available to confirm the results of
others suggesting many of these “excess
cancers” are indeed indolent and not life-
threatening (11, 13). Data from the
NELSON trial suggest that volumetric-based
determination of VDT may reduce both
false positive rates (46) and overdiagnosis
(47). Last, we have not assessed the presence
of emphysema in those with and without
airflow limitation or lung cancer, and it
remains a hotly debated issue as to whether
airflow limitation or emphysema is the more
important manifestation of COPD linked to
an increased risk of lung cancer (33, 39, 48).
On this basis, we cannot exclude the
possibility that some BAC-related cancers,

corresponding to ground-glass opacities
during screening, are more difficult to
identify on CT in the presence of
emphysema.

We conclude that the presence of
COPD identifies smokers at greatest risk of
lung cancer (30–32) and that it is associated
with an increased lung cancer incidence
rate in CT screening studies (29, 33, 38, 39).
COPD is also associated with more
aggressive cancers and significantly less
(or minimal) overdiagnosis (13, 28, 29).
Although this finding requires replication
(17, 18), our observations argue in favor of
the routine use of screening spirometry in
asymptomatic smokers at risk of lung
cancer either in general (49), or specifically
as part of assessing the harm-to-benefit
ratio of CT screening (31, 33, 39). We
believe that preselection of eligible smokers
for possible CT screening requires greater
appraisal as current criteria include many
low-risk smokers for whom the harm may
substantially outweigh the benefit of
screening (25, 43, 50). The results of this
study suggest that overdiagnosis is a
significant issue in CT screening for lung
cancer and is found exclusively in those
with normal lung function at lower risk.
We conclude that lung cancer risk
assessment requires the inclusion of
variables underlying COPD risk, and that
such an approach may help to better
optimize the benefit-to-harm ratio of CT
screening. n

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