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Background: Lung cancer screening (LCS) has the potential to
reduce the risk of lung cancer death in healthy individuals, but the
impact of coexisting chronic illnesses on LCS outcomes has not been
well defined. Consideration of the complex relationship between
baseline risk of lung cancer, treatment-related harms, and risk of
death from competing causes is crucial in determining the balance of
benefits and harms of LCS.

Objectives: To summarize evidence, identify knowledge and
research gaps, prioritize topics, and propose methods for future
research on how best to incorporate comorbidities in making
decisions regarding LCS.

Methods: A multidisciplinary group of international clinicians and
researchers reviewed available data on the effects of comorbidities on
LCS outcomes, focusing on the juxtaposition of lung cancer risk and
competing risks of death, consideration of benefits and risks in

patients with chronic obstructive pulmonary disease, communication
of risk, and treatment of screen-detected lung cancer.

Results: This statement identifies gaps in knowledge regarding how
comorbidities and competing causes of death impact outcomes in
LCS, and we have developed questions to help guide future
research efforts to better inform patient selection, education, and
implementation of LCS.

Conclusions: There is an urgent need for further research that can
help guide clinical decision-making with patients who may not
benefit from LCS owing to coexisting chronic illness. This statement
establishes a research framework to address essential questions
regarding how to incorporate and communicate risks of
comorbidities into patient selection and decisions regarding LCS.
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Overview

An efficacious screening test must identify
disease with high prevalence, mortality, and
cure rate when detected at an early stage in
individuals who are healthy enough to
undergo effective treatment. Lung cancer
screening (LCS) with annual low-dose
computed tomography (LDCT) satisfies these
criteria, and if implemented correctly, it may
be the single intervention, other than quitting
smoking, with the largest effect on decreasing
cancer deaths in our lifetime. The NLST
(National Lung Screening Trial), however,
which provides the evidence for LCS, suffers
from the “healthy volunteer effect.” This
phenomenon, in which participants are better
educated, younger, and have less comorbid
disease than the general population that
would otherwise qualify for LCS, is
commonly seen in screening trials and draws
concerns about the generalizability of the
NLST, especially in groups underrepresented
in the trial. Smoking, the primary risk factor
for lung cancer, also increases the risk for
other respiratory and cardiovascular diseases
(CVDs), which, when severe enough, have
substantial implications for treatment
decisions and outcomes for both lung cancer
and chronic disease. High risk of lung cancer
is associated with greater risk of death not
related to lung cancer, harms from
procedures, and diminished ability to treat a
screen-detected cancer, undermining the
benefits of screening. A significant
challenge in LCS implementation is how to
incorporate comorbid disease of varying
severity into decisions regarding LCS to
improve the selection of those at higher
risk for complications and simultaneously
improve the harm-to-benefit ratio of
screening.

This statement proposes a research
agenda to apprise both investigators and
funding agencies to generate high-priority,
high-quality research surrounding the
incorporation of severity and number of
comorbidities in decisions around LDCT
screening. Topics were identified including
1) juxtaposing lung cancer risk and
competing risks of death; 2) chronic
obstructive pulmonary disease (COPD),
lung cancer risk, and potential harms from
screening; 3) risk communication; and 4)
treatment of screen-detected cancer. For
each of these overarching topics, the
existing evidence is summarized, and
research gaps and questions to be answered
are identified.

Key Conclusions and
Recommendations

Juxtaposing lung cancer risk and competing
risk of death.
d Better selection of those at high risk for

lung cancer may improve the harm-to-
benefit ratio of screening; however,
benefits and harms of LCS may not be
linearly related to risk of developing lung
cancer.

d The complex interplay between baseline
risk of developing lung cancer,
treatment-related harms, and competing
causes of death substantially affects
the balance of harms and benefits of
LCS.

d Research is needed to identify the
optimal threshold where the benefits of
reducing lung cancer death (LCD)
outweigh the risk of dying of a
competing cause and serve to prolong
survival.
COPD, lung cancer risk, and potential

harms of LDCT screening.
d Although individuals with COPD have a

higher risk than smokers without COPD
of developing lung cancer, the presence
of advanced COPD may pose a
significant risk for harms of LCS and
downstream evaluation and treatment of
screen-detected nodules.

d The benefit of screening those with
advanced-stage COPD (Global Initiative
for Chronic Obstructive Lung Disease
[GOLD] classes 3 and 4) is uncertain, and
how best to risk stratify these patients
using functional status information
should be an area of research.
Risk communication.

d Providers vary in their comfort level
regarding advising patients meeting
eligibility criteria not to undergo
screening owing to poor overall health or
limited life expectancy.

d Message framing is critical, but how best
to do this remains unclear.

d Research is needed to identify how
best to support providers through
training, education, and decision support
tools.
Treatment of screen-detected lung

cancer.
d There are currently no data on whether

screening decreases lung cancer
mortality among patients who are
unable or unwilling to undergo
anatomic resection for a screen-detected
cancer.

d There is controversy and confusion
regarding who should be offered
screening, and future research is needed
with the aim of incorporating the balance
of risk of LCD, competing causes of
death, morbidity, mortality, and efficacy
of treatment approaches in the face of
comorbidities.

Introduction

The NLST demonstrated that screening with
LDCT reduced LCDs and overall mortality
(1). However, as in many clinical trials,
participants were healthier than the base
population. When compared with a general
population of individuals eligible for LCS in
the United States, the NLST participants
were younger, healthier, better educated,
less likely to be racial minorities, and more
likely to be former smokers (2). These
sociodemographic differences raise
questions about the generalizability of the
NLST, especially as it relates to those
underrepresented in the trial. It also
presents challenges for clinicians deciding
which patients are appropriate candidates
for LCS, because there is limited evidence
from secondary analyses of NLST data to
guide decision-making about which
patients may be too sick owing to
competing comorbidities to benefit from
screening (3).

Patient selection for LCS is complex,
because factors that increase the risk of
developing lung cancer (e.g., smoking) also
correlate with risk of developing other
diseases associated with high morbidity and
mortality (e.g., COPD, CVD, other cancers).
Competing risk is defined as the risk that a
substitute event (e.g., cardiovascular death)
interferes with the likelihood that an
individual will experience the disease-specific
outcome of interest (e.g., LCD) (4). As risk of
lung cancer increases, so does competing
risk of death and harms of diagnostic
evaluation and treatment of screen-detected
lung cancer, potentially decreasing the net
benefit of LCS (Figures 1A and 1B). How
to determine the number, severity, and
combination of comorbid conditions in
which competing causes of death or reduced
ability to tolerate diagnostic procedures
and cancer treatment would diminish the
benefit of LCS is unclear. Furthermore,
communication and decision tools regarding
trade-offs of LCS in the face of comorbidities
are undeveloped.
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To advance the field, the American
Thoracic Society (ATS) convened a
multidisciplinary panel to summarize the
available data surrounding the impact of
comorbid conditions as it relates to LCS. In
this research statement, we aimed to identify
and prioritize gaps in knowledge to outline
and help guide the formation of research
efforts in these areas to better inform patient
selection for and education about LCS.

Methods

The project was sponsored by the Thoracic
Oncology Assembly and approved by the
ATS Project Review Subcommittee. The
multidisciplinary, international participants
(pulmonologists, thoracic surgeons,
internists, nurse practitioners, and
epidemiologists) were chosen by the project
chairs (M.P.R., N.T.T., and R.S.W.) because
of their expertise in all aspects of LCS,
evaluation of comorbidities, and lung cancer
treatment outcomes. Representatives of
other professional societies, including the
American College of Chest Physicians,
Society of Thoracic Surgery, International
Association for the Study of Lung Cancer,
and American College of Physicians, were
invited to ensure a diverse representation.
Conflicts of interest were disclosed and
managed according to the policies and
procedures of the ATS. The chairs identified
several topics for discussion that were vetted
before the in-person meeting, and relevant
articles were distributed to participants.
Participants selected to be speakers provided
input on the agenda.

The groupmet at the ATS International
Conference in Washington, DC, in May
2017, with main foci of identifying the gaps
in knowledge about how comorbid
conditions impact outcomes in LCS and
identifying and prioritizing key research
questions that will lead to optimized
screening in patients with comorbid
conditions. The in-person meeting included
presentations reviewing existing data on the
following six key topics:

1. How do screen-eligible U.S. individuals
differ from NLST participants?

2. What is the impact of comorbidities on
cancer survival?

3. How can prediction of non–lung cancer
deaths in persons screened for potential
lung cancer be improved?

4. What are the special considerations for
patients with COPD that serve as a

marker for increased risk of lung cancer,
increased risk of death from competing
causes, and decreased ability to tolerate
surgery for screen-detected cancers?

5. What is the outcome of surgery for stage I
non–small cell lung cancer (NSCLC)

in smokers with advanced COPD or
other serious comorbidities?

6. What is the role of stereotactic body
radiation therapy (SBRT) as an
alternative treatment in early-stage
NSCLC detected through LCS?

Increasing risk of developing lung cancer
(e.g., age, smoking, COPD)
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Figure 1. (A) Hypothetical schema of the risk of developing lung cancer versus the ability to undergo
treatment, risk of death from competing causes, and risk of harms of procedures. (B) Hypothetical
schema of the relationship between lung cancer risk and screening benefit. COPD = chronic
obstructive pulmonary disease; LCS = lung cancer screening.
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After formal presentations, the chairs
moderated breakout sessions that included
all participants, with the goal of expanding
the discussion and developing research
questions. The breakout sessions focused on
lung cancer risk (including risk prediction,
special considerations for patients with
COPD, and risk communication) and
treatment of screen-detected lung cancer
(including sublobar resection, thoracoscopy,
and nonsurgical treatment), and during
the discussions, the first set of research
questions was drafted.
After the in-person meeting, a
comprehensive summary of the
transcribed meeting and field notes was
compiled and organized by the chairs, and
outlines were circulated to the writing
committee. Subsequent conference calls
were held to consolidate, refine, and
prioritize the research questions and to
identify methods to address them. The
manuscript was drafted by the chairs,
iteratively revised with input from the writing
committee, and circulated to all meeting
participants for review. The final document
was approved by the ATS Board of Directors.

Results

The results are organized into four
overarching topics: risk of lung cancer
juxtaposed against competing risks of death,
COPD, and lung cancer; communication of
risks; and outcomes after treatment of
screen-detected lung cancer. Each
subsection includes the summary of the
evidence and research gaps, followed by the
research questions identified during the
meeting. Table 1 provides the list of
research questions and potential
approaches to addressing them.

Juxtaposing Lung Cancer Risk and
Competing Risk of Death from Other
Causes

Summary of evidence and research gaps.
Although using age and pack-year smoking
history criteria for determining eligibility
versus ineligibility for LCS is practical from
the viewpoint of ease in implementation,
it may be overly simplistic because
individualized risk varies significantly owing
to the influence of numerous variables (5, 6).
Since the publication of the NLST, research
has included secondary data analyses with
modeling exercises focused on identifying

specific at-risk populations as well as
individualization of a person’s overall risk
of developing or dying of lung cancer (6, 7).
Models that predict lung cancer risk by
incorporating age, smoking intensity, and
quit-year history as continuous variables
and including additional risk factors such
as race, family history of lung cancer,
history of prior cancer, and COPD have the
potential to identify individuals most at risk
for developing or dying of lung cancer, thus
reducing the number needed to screen
(NNS) to prevent an LCD (6, 7). For example,
within the NLST, it was shown that stratifying
participants by individual risk using the
PLCO2012 (Prostate, Lung, Colorectal, and
Ovarian Trial 2012) cancer model calculator
was better than the NLST entry criteria of age
and smoking history for determining who
would develop lung cancer (7).

The benefits and harms of LCS may
not, however, be linearly related to the risk
of developing lung cancer. The complex
interplay between baseline risk of
developing lung cancer, treatment-related
harms, and competing risk of death from
other causes is crucial in determining the
balance of harms and benefits of LCS
(Figures 1A and 1B). For example, in the
NLST, the cohort with the lowest 5-year
risk (quintile 1) of LCD, accounting for 1%
of prevented LCD, was associated with a
NNSs of 5,276 and 1,648 false-positive
results per prevented LCD (6). In contrast,
the cohort with the highest LCD (quintile 5),
accounting for 38% of prevented LCD, was
associated with NNSs of 161 and 65 false-
positive results per prevented LCD (6).
Moreover, this highest-risk cohort (for
LCD) would likely also have a high risk of
comorbid conditions and competing causes
of death, which would work to reduce the
life-year gains in this very high-risk group.
In subsequent analyses of the NLST, COPD
prevalence increased with increased lung
cancer risk according to the PLCO2012 risk
model (Figure 2) (3), and the risk of
non–lung cancer deaths was greater
than the risk of LCD (Figure 3) (8).
Furthermore, as the risk of lung cancer and
the prevalence of comorbidities increase,
the ability of individuals to tolerate
diagnostic procedures or treatment for a
screen-detected cancer decreases (a fact not
taken into account in existing models). Thus,
in individuals at high risk of lung cancer, the
greater risk of death not related to lung
cancer, harms from procedures, and
diminished ability to treat a screen-detected

cancer may undermine the benefits of
screening. A population-based survey found
that life expectancy was lower in individuals
eligible for LCS using U.S. Preventive
Services Task Force criteria when compared
with NSLT participants (19.6 vs. 21.2 yr),
likely reflecting that individuals in the
general population were older and more
likely to be current smokers and to have
diabetes, stroke, or heart disease (9).

Estimating the risk of developing lung
cancer and success of treatment and then
comparing these with the risk of dying of
a competing cause is crucial. Models that
accurately predict noncancer mortality risk
are needed and may help to improve patient
selection for LCS. Furthermore, for such
models to be applicable for individual
prediction, the area under the receiver
operating characteristic curve is recommended
to be greater than or equal to 0.80 (10).
Incorporating severity of comorbidities and
functional status into a noncancer mortality
risk model may improve the area under the
receiver operating characteristic curve but
may render such a model too complex for use.

Risk prediction models do not account
for potentially increased treatment-related
risk in those with increased risk for the
development of lung cancer. A comparison
of outcomes of smokers aged 65 years or
older diagnosed with stage I NSCLC in the
NLST with a National Cancer Institute
Surveillance, Epidemiology, and End Results
Program (SEER)-Medicare cohort meeting
NLST age criteria with similar low
comorbidity scores (Charlson comorbidity
index [CCI], 0–1) revealed no difference in
perioperative surgical mortality or 5-year
lung cancer–specific mortality; however,
5-year all-cause survival was lower in the
SEER NLST-eligible cohort (73.6% vs.
63.8%) (11). Furthermore, in the SEER
NLST-ineligible patients (e.g., CCI, >2),
perioperative mortality was almost doubled,
and 5-year survival was significantly lower
(47.1%; P< 0.0001) (11). Individuals
eligible for LCS who have a higher
comorbidity burden may not benefit from
screening, owing to death resulting from
competing causes (Figure 4) (12). As such,
it is conceivable that maximum screening
benefit (e.g., decreased lung cancer
mortality) may result from screening those
in the middle quintiles of risk (e.g., quintiles
2–4). An approach focusing on screening
outcomes such as decreased deaths
resulting from lung cancer rather than
solely on lung cancer risk may have utility

AMERICAN THORACIC SOCIETY DOCUMENTS

e6 American Journal of Respiratory and Critical Care Medicine Volume 198 Number 2 | July 15 2018



in identifying those who receive the greatest
benefit from screening (Figure 2).

Further research is needed to identify
the optimal threshold (benefits of reducing
risk of LCD outweighing risks of dying of
another cause) at which to determine
eligibility for screening. If the probability of

dying of competing causes within 5 years
is higher than the probability of living for
5 years (i.e., .50% competing mortality
risk), the likelihood of benefit from LCS
will be quite low. However, only a very
small proportion of individuals have
probabilities this extreme of dying of

competing causes. If the threshold is
reduced, however, the number of false-
positive results increases, and at some
point, if this threshold is used to
determine eligibility for screening, there
is a risk that an individual with a small
net benefit may not be offered screening.

Table 1. Identified Research Questions by Topic: Incorporating Coexisting Chronic Illness into Decisions about Patient Selection for
Lung Cancer Screening

Question Possible Research Methods

Risk prediction

1. At what threshold of competing causes of death should
screening not be offered?

Development of models that predict noncancer mortality risk,
incorporate severity of comorbidities and functional status

2. What is the preferred method to quantify the severity and
burden of comorbidities among patients referred for LCS?

Survey-based risk prediction models that use self-reported variables
(including sex, race, and medical comorbidities such as COPD,
hypertension, CVD, and diabetes) to predict all-cause mortality may
be leveraged to focus on LCS outcome

Development or refinement of index scores that include contributions
of multiple comorbid conditions together with severity. CISNET
microsimulation modeling (incorporating comorbidity data into
CISNET models) may inform factors such as quality of life and cost
effectiveness of LCS in patients with and without comorbidities.

3. Should functional assessment, comorbidity severity, or
both be included in models assessing competing causes
of death, and how can this be effectively accomplished?

Comparison of outcomes in patients based on varying models

4. What are the ethical issues concerning withholding LCS
from individuals at very high risk for competing causes of
death?

Qualitative studies, surveys, consensus-building methods (e.g., Delphi)
to assess patient, provider, and policy maker opinions

COPD and lung cancer risk

5. What is the ratio of benefits to harms of LCS among
patients with advanced COPD?

Comparison of outcomes in patients screened for LCS with COPD.
“Watch the Spot” study includes incidental and LCS-detected lung
nodules in “real-world” population of patients and will collect
observational data on harms of nodule evaluation

6. Does functional status information facilitate identification
of individuals with advanced COPD who may not benefit
from or may be harmed by LCS?

Incorporation of functional status (e.g., BODE index) in databases of
LCS patients and comparison of outcomes

Communication of risk with patients

7. What information and which approaches optimize
understanding and shared decision-making among
patients with multiple comorbidities or limited life
expectancy?

Qualitative and mixed-methods studies

8. How can providers best be supported in discussing these
sensitive topics with patients?

Qualitative and mixed-methods studies to assess impact and utility of
varying decision aid tools

9. What information and which approaches are most useful
to patients and providers in discussing discontinuation of
annual LCS (vs. not initiating screening) when serious
comorbidities limit the benefit of screening?

Qualitative and mixed-methods studies

Treatment for screen-detected cancer

10. Does LCS followed by alternative treatments of
screen-detected cancers (e.g., SBRT, sublobar resection)
reduce mortality relative to no screening among patients
who cannot tolerate anatomical resection?

Database analysis of outcomes in LCS patients stratified by treatment,
with adjustment for confounding factors (e.g., propensity score
matching, instrumental variable analysis)

Definition of abbreviations: BODE = body mass index, airflow obstruction, dyspnea rating, and exercise capacity; CISNET =Cancer Intervention and
Surveillance Modeling Network; COPD = chronic obstructive pulmonary disease; CVD = cardiovascular disease; LCS = lung cancer screening; SBRT =
stereotactic body radiation therapy.
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Because any prediction model inherently
has a degree of uncertainty, potential
ethical issues come to light when
considering using risk prediction models
to identify patients who should not be
offered screening owing to competing causes
of death or inability to tolerate treatment for
a screen-detected cancer. These models are
developed and validated at the population
level, and accuracy in determining
individual-level outcomes is inexact.

Few studies have examined the
relationship between comorbidities and lung

cancer outcomes (11). A recent retrospective
cohort study found that patients with lung
cancer could be grouped into five distinct
classes based on comorbidity profiles
(defined by progressively greater CCI scores
and the presence or absence of specific types of
vascular disease and diabetes) that predict
treatment and survival (13). Patients in class 1
were younger, had no comorbid conditions,
were more likely to receive stage-appropriate
therapy, and had better survival than patients
in other classes despite having the least
favorable stage distribution. In contrast,

patients in class 5 were older, more likely to
have multiple comorbid conditions (more
than five), to receive no treatment, and to
experience worse survival (median survival for
patients in class 1 was 1.13 yr vs. 0.48 yr for
those in class 5; P, 0.0001). The effect of
comorbidity class on survival persisted when
adjusted for stage and was strongest for
patients with early-stage NSCLC (stages I–II),
a finding that has important implications for
LCS because the majority of patients
undergoing LCS will be diagnosed with early-
stage disease (13).

Index scores that consider contributions
by multiple comorbid conditions, such as the
CCI or Elixhauser comorbidity index (14, 15),
are relatively simple to calculate using
International Classification of Diseases
diagnosis codes, have been validated to
correlate with clinical outcomes, and are well
studied in screening for other cancers (16–19).
However, these indices have been applied
mostly in retrospective research studies, have
not been actively applied in LCS, and have
failed to capture the severity of diseases needed
to consider the effect of comorbidity in
patients with lung cancer (20, 21).
Furthermore, because scoring systems for the
indices are based on medical practice at the
time the indices are created, they may not
reflect advances made in medical care and
outcomes of a particular comorbid illness (e.g.,
survival of HIV infection 30 years ago is much
different from today). In addition, there exists
a strong relationship between intensity of
smoking, lung function, and lung cancer risk
with comorbid disease in ever smokers that is
not reflected in these comorbidity indices.
Suggested tools to predict noncancer
competing mortality risk before patients are
enrolled in LCS include clustering of
comorbidities so that they are phenotypically
more recognizable to the provider than a
number (e.g., CCI of 4). Such a method may
be easier for providers to understand and to
communicate the estimated risk of dying of
competing causes. Models using self-reported
variables (including sex, race, and medical
comorbidities such as COPD, CVD, and
diabetes) have been developed to predict
mortality (up to 14-yr mortality) in adults
aged 65 years and older (22, 23), and these
models may be leveraged to assist in
determining the impact of competing risks of
death on LCS outcomes.

Risk prediction: research questions.
1. At what threshold of competing causes

of death should screening not be offered?

Increasing risk of developing lung cancer by PLCO2012 quintile
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Figure 2. Relationship between lung cancer risk, lung cancer deaths, non–lung cancer deaths, and
chronic obstructive pulmonary disease (COPD) prevalence according to PLCO2012 (Prostate, Lung,
Colorectal, and Ovarian Trial 2012) lung cancer risk quintile. Adapted from Reference 3.
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2. What is the preferred method to quantify
the severity and burden of comorbidities
in patients referred for LCS?

3. Should a functional assessment of
comorbidity severity and life expectancy
be included in models assessing
competing causes of death?

4. What are the ethical issues concerning
withholding LCS from individuals at very
high risk for competing causes of death?

Modeling as a means to predict
noncancer mortality risk before LCS may
help determine cutoffs, but how to apply the
information provided by such models needs
to be established. Before setting policy or
recommendations about the threshold or
process to advise against LCS, research into
patient, provider, and policy maker opinions
on the surrounding ethical issues is needed.

COPD, Lung Cancer Risk, Competing
Risk of Death, and Harms of
Screening

Summary of evidence and research gaps.
COPD poses a particular challenge in LCS.
Although these patients have twice the risk
of developing lung cancer (primarily related

to emphysema) compared with smokers
without COPD (6, 8, 24–27), the presence
of advanced COPD may pose a significant
risk for harms from LCS and downstream
evaluation and treatment of screen-detected
nodules. Patients with advanced COPD are
significantly more likely to experience
complications during evaluation of
pulmonary nodules (28), develop
respiratory-related surgical complications,
have a higher 30-day mortality after
resection of lung cancer (especially after
thoracotomy) (29, 30), and have a greater
likelihood of dying of causes other than
lung cancer (31). Risks after transthoracic
needle biopsy of a pulmonary nodule
include hemorrhage (in only 1% of
biopsies, but 17.8% of patients will require a
blood transfusion) and pneumothorax (in
15% of biopsies, and 6.6% will require a
chest tube). These complications are more
common in smokers and those with COPD
and are associated with longer hospital
stay and respiratory failure requiring
mechanical ventilation (28). In a study
evaluating the safety of bronchoscopy in
COPD, minor and major complications
among all patients with COPD were 13%
and 5%, respectively; however, respiratory

complications occurred in 22% of patients
with severe to very severe COPD, as
compared with 6% in patients without
COPD (32). Moreover, COPD, a common
comorbid disease in patients with lung
cancer, is associated with increased risk
of death from both lung cancer and
competing non–lung cancer causes (3).
Given these trade-offs between potential
benefits and harms of LCS, whether to
screen patients with advanced COPD
(severe; GOLD grades 3 and 4) remains
controversial.

In screening trials (1, 33, 34) in which
20–30% of the patients had COPD (mild or
moderate; GOLD grade 1 or 2), the risks
from harms associated with LCS (morbidity
and mortality of procedures or surgical
resection) are low. For example, in the
LDCT group of participants in the NLST,
only 29.2% had COPD. The rates of at least
one complication after a diagnostic
procedure for a positive screening test in
the LDCT group were only 1.4%, with no
severe complications after transthoracic
needle biopsy, and only 3.5% after
bronchoscopy (1). However, the patients in
these trials are not representative of all
patients with COPD in the general
population who meet age and smoking
eligibility criteria for LCS. Furthermore,
although pulmonary function testing with
spirometry and DLCO quantify and provide
a physiologic assessment of COPD severity,
FEV1 only weakly predicts mortality
when greater than 50% predicted and
furthermore does not capture the complex
nature of COPD as a systemic disease (31).
Use of functional assessment may be a
better means by which to quantify the
degree of pulmonary impairment. The
BODE (body mass index, airflow
obstruction, dyspnea rating, and exercise
capacity) index is one such functional
assessment tool that captures physiologic
impairment, patient perception of
symptoms, and the two domains that
express consequences of COPD (body mass
index and exercise capacity) (31). With
increasing BODE quartile, there is a
significant increased risk of mortality, as
high as 80% in 52 months in quartile 4,
where patients with a higher BODE index
are more likely to die of respiratory failure
(61%) than of lung cancer (31). Given the
complex interplay between COPD and lung
cancer, further research is needed to identify
the ratio of benefits to harms of LCS among
patients with more advanced, severe COPD.

Increasing risk of developing lung cancer by PLCO2012 tertile

D
ea

th
s 

(p
er

 1
,0

00
 p

er
so

n
s 

sc
re

en
ed

)

Respiratory Deaths

Other Deaths

Cardiovascular Deaths

Lung Cancer Deaths

Other Cancer Deaths

0
Tertile 1 Tertile 2 Tertile 3

5

10

15

20

25

30

35

40
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Factoring COPD into LCS decision-
making: research questions.
1. What is the ratio of benefits to harms

of LCS among patients with advanced
COPD?

2. Does functional status information
facilitate identification of individuals
with advanced COPD who may not
benefit from or may be harmed by LCS?

Individuals with COPD have a higher risk
of developing lung cancer; however, the
presence of advanced COPD may also
pose a risk for harms from LCS and
downstream evaluation and treatment of
screen-detected nodules. Research to
ascertain baseline risk of developing lung
cancer, treatment-related harms, and
competing risk of death from other causes
is crucial in determining how best to risk
stratify patients with advanced COPD
before LCS.

Communication of Risk with Patients

Summary of evidence and research gaps.
Prior research identified discussing limited
life expectancy and decreased benefit of
cancer screening to be challenging for
providers in non-LCS contexts (35, 36).
Providers vary in their comfort level
regarding advising patients who meet
eligibility criteria not to undergo
screening owing to poor overall health or
limited life expectancy (37), and a recent
vignette-based survey suggested that
many providers may advise patients to
undergo LCS despite poor overall health
and limited life expectancy (38). Although
some perceive advising against LCS as
excluding patients from medical care,
others see it as individualizing LCS
decisions by encouraging screening for
those who will benefit and discouraging
screening for those who will not benefit
because of competing causes of death.
Similarly, patients with serious health
problems are divided in their opinions
regarding whether and how they would
like their providers to discuss limited life
expectancy in the context of decision-
making about cancer screening (39).
Message framing is critical, but how best
to do this is not clear. Examples of
message framing include an interpretive
statement, “LCS will not help you live
longer,” or the more neutral conveying of
information, “Here is your risk of dying
of any disease including lung cancer

without LCS, and here is your risk of
dying of any disease including lung
cancer with LCS” (39). Message framing
will vary across different groups of
patients and must take into account the
patient’s education level, cultural beliefs,
and heath literacy, including their ability
to understand complex issues such as risk
model concepts and competing causes of
death.

Workflow considerations are critical
to achieving successful implementation of
the policy requirement for shared decision-
making and may be especially important
for more complex discussions when the
anticipated benefit of LCS is marginal
owing to limited life expectancy or
increased risk of harms. Further research is
needed to identify how best to support
providers through training, education, and
decision support tools. The course of the
conversation, topics to be covered, and
patient and provider needs and preferences
for supporting these conversations may be
different in the context of discontinuing
annual LCS owing to development or
progression of a health problem, as
opposed to the context of never initiating
screening because of serious comorbid
disease. Given the complexity of the
decision involved, it is also important to
support collaborative communication
among providers (e.g., primary care
provider, pulmonologist, and radiologist)
to avoid conflicting messages and to
present a cohesive recommendation to
patients.

Communicating interrelated risks:
research questions.
1. What information and which

approaches optimize understanding and
shared decision-making among patients
with multiple comorbidities or limited
life expectancy?

2. How can providers best be supported in
discussing these sensitive topics with
patients?

3. What information and which
approaches are most useful to patients
and providers in discussing
discontinuation of annual LCS (vs. not
initiating screening) when serious
comorbidities limit the net benefit of
screening?

Qualitative and quantitative research
investigating patient preferences
regarding decisions not to undergo LCS
could serve to inform these questions.

Topics to explore include who is the
preferred person to deliver the message
(e.g., primary care provider or LCS
coordinator), what is the best way to frame
the message, and what are the utility and
helpfulness of various decision aid tools in
facilitating these conversations. There is a
need for research to elicit patient and
provider needs and to develop decision
aids or tools that incorporate models that
predict risk of dying of competing diseases
and/or include sample scripts or
messaging that providers could use when
discussing screening or explaining why
they are recommending against LCS with
patients.

Treatment for Screen-detected Lung
Cancer

Summary of evidence and research gaps.
The U.S. Preventive Services Task Force
guidelines (40) specifically suggest
excluding patients unable to tolerate
surgical resection, but other guidelines
recommend limiting screening to those
“in reasonably good health” (41) or
those healthy enough to tolerate
“cancer treatment” (42). These
recommendations mix the simplistic
exclusionary concept (no reason to
screen if no treatment will be given)
with the relative issues of balancing risk
of LCD versus competing causes of
death and morbidity, mortality, and
efficacy of treatment approaches in the
face of comorbidities. This confusion
underlies the controversy whether
eligibility for LCS should be limited
to patients able to tolerate surgical
resection or should include other
treatment approaches, such as SBRT.

Perioperative mortality after surgical
resection in LCS trials varies from 1% to
3.3% (1, 33, 34). Importantly, these trials
enrolled healthy patients, and at least in
the NLST, 82% of the participating
centers were large academic centers and
76% were National Cancer Institute–
designated cancer centers with expertise
in all aspects of cancer care, including
dedicated thoracic surgeons (1). Such
conditions are associated with improved
outcomes after surgery (43, 44) but are
not universally present in community
hospitals throughout the United States or
other countries. In the small subset of
NLST patients with stage I NSCLC who
underwent radiation therapy (n = 25), the
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5-year survival was significantly worse
than that of those who had surgery (26%
vs. 74%, respectively) (11). However, it is
not clear exactly what this radiation
therapy treatment entailed or why
radiation therapy was pursued rather
than surgery.

There is controversy about the
relative effectiveness of SBRT versus
resection. First, the data regarding SBRT
involve a specific type of tumor (relatively
peripheral stage I NSCLC), and thus it
may not be entirely appropriate to apply
these data to all screen-detected cancers.
Second, observational data comparing
SBRT versus resection for stage I
peripheral tumors typically involve
compromised patients and are inherently
confounded by competing causes of
death, making assessment of treatment
efficacy difficult. One can attempt to
minimize some of the confounding
variables by assessing the inherent efficacy
of SBRT versus surgery in low-risk patients.

We currently have no data on whether
screening decreases lung cancer mortality
among patients who are unable or
unwilling to undergo anatomic resection.
With regard to patients fit to undergo
surgery, two small randomized trials
of SBRT versus lobectomy suggested
improved outcome in the SBRT group
(estimated overall survival at 3 yr, 95%;
95% confidence interval [CI], 85–100) in
the SBRT group compared with 79%
(95% CI, 64–97) in the surgery group
(hazard ratio, 0.14; 95% CI, 0.017–1.190;
P = 0.037), but these results are difficult
to interpret owing to poor accrual
(combined total of only 58 patients) (45).
A large National Cancer Database study
of optimal patients (no comorbidities)
and optimal treatment (lobectomy or full-
dose SBRT) demonstrated that after
propensity matching for essentially all
known potential confounding factors (20
factors), the overall survival after SBRT
was lower than after lobectomy (5-yr
survival, 59% vs. 29%; P, 0.001) (46).
Similar results were seen in a subset
analysis of SBRT patients who had been
recommended to have lobectomy but
chose SBRT instead (46). Finally, a recent
international survey showed that only

28% of thoracic oncology specialists
(excluding radiation oncologists) believed
that SBRT had a benefit the same as or
better than that of resection (47). These
data suggest that considering surgical
resection and SBRT as equivalent
treatments for screen-detected cancers
is probably premature, and more
evidence and examination are needed.
Unfortunately, the results of several
ongoing randomized trials of surgery
versus SBRT among surgically eligible
patients with early-stage NSCLC will not
be available for several years.

Although decreasing FEV1 and DLCO

predict worse postoperative outcomes of
thoracotomy, this effect is markedly
diminished for resections performed via
video-assisted thoracoscopic surgery
(VATS) (48–50). The perioperative
mortality in advanced COPD is lower after
VATS lobectomy than after thoracotomy
(1.5–2.9% vs. 3.5–7.8%, respectively)
(48–51). However, in U.S. population
databases, only 30–40% of lobectomies are
performed via VATS; furthermore, only
50% of lobectomies in the United States are
performed by dedicated cardiothoracic
surgeons, and only 60% of lobectomies
performed by cardiothoracic surgeons are
via VATS (52). Thus, the issue of how the
risk of perioperative mortality should factor
into a decision whether to screen a
patient with pulmonary compromise is
complicated: The risk is linked not only to
the degree of compromise but also to the
type of resection (VATS vs. open, lobe vs.
segment) and where the resection may be
performed. Finally, it must be remembered
that competing causes of death in
compromised patients may have
implications that overshadow the impact of
perioperative mortality when considering
screening.

Treatment for screen-detected lung
cancer: research questions.
1. Does LCS followed by alternative

treatments of screen-detected cancers
(e.g., SBRT, sublobar resection) reduce
mortality relative to no screening
among patients who cannot tolerate
anatomical resection? Although it is
unlikely that an adequately powered
randomized clinical trial will be

undertaken to answer this question,
database analyses or modeling studies
could address this issue.

Discussion

Our committee identified gaps in
knowledge regarding incorporating
comorbidities and competing causes of
death into LCS decisions. This statement
highlights the urgent need for further
research that will guide clinical decision-
making with patients with comorbid
conditions in whom LCS harms may
outweigh the benefits. Assessing the impact
of comorbidities on the effectiveness of
LCS is difficult. First, patients are
heterogeneous, and other variables such as
age, sex, and ethnicity, can interact with
comorbidities and their severity. Second,
isolated comorbidities vary in severity, and
specific types of comorbid conditions
result in different treatment and survival
outcomes. Third, conditions such as COPD
that increase lung cancer risk also increase
the risk of death from other non–cancer-
related causes. In advanced COPD, the
risk for developing cancer must be
balanced against increased complications
during evaluation of screen-detected
pulmonary nodules, higher mortality after
resection of lung cancer, and greater
likelihood of dying of causes other than
lung cancer. Fourth, there is variability
among providers regarding
individualizing LCS decisions, and
agreement on message framing will be
critical. How best to accomplish this
challenging aspect of LCS is not clear.
Fifth, alternative treatments are
increasingly being suggested as a way to
extend LCS to a population of patients
that cannot tolerate anatomical resection,
but it is unclear whether LCS followed by
these alternative treatments will improve
mortality relative to no screening among
such patients. This statement establishes
a research framework for addressing
essential questions about how to
incorporate coexisting chronic illness into
decision-making and patient selection
for LCS. n

This statement was prepared by an ad hoc subcommittee on coexisting chronic illness and lung cancer screening of the ATS Assembly
on Thoracic Oncology.
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8. Tammemägi MC, Church TR, Hocking WG, Silvestri GA, Kvale PA, Riley
TL, et al. Evaluation of the lung cancer risks at which to screen ever-
and never-smokers: screening rules applied to the PLCO and NLST
cohorts. PLoS Med 2014;11:e1001764.

9. Howard DH, Richards TB, Bach PB, Kegler MC, Berg CJ. Comorbidities,
smoking status, and life expectancy among individuals eligible for
lung cancer screening. Cancer 2015;121:4341–4347.

10. Harrell FE Jr. Regression modeling strategies: with applications to
linear models, logistic and ordinal regression, and survival analysis.
2nd ed. Cham, Switzerland: Springer-Verlag; 2015.

11. Tanner NT, Dai L, Bade BC, Gebregziabher M, Silvestri GA. Assessing
the generalizability of the national lung screening trial: comparison of patients
with stage 1 disease. Am J Respir Crit Care Med 2017;196:602–608.

12. Young RP, Hopkins RJ, Gamble G. Comorbidity and competing causes
of death attenuate outcomes in the NLST. J Thorac Oncol 2017;12
(11 Suppl 2):S1758.

13. Gould MK, Munoz-Plaza CE, Hahn EE, Lee JS, Parry C, Shen E.
Comorbidity profiles and their effect on treatment selection and
survival among patients with lung cancer. Ann Am Thorac Soc 2017;
14:1571–1580.

14. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method
of classifying prognostic comorbidity in longitudinal studies:
development and validation. J Chronic Dis 1987;40:373–383.

15. Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures
for use with administrative data. Med Care 1998;36:8–27.

16. Sharabiani MT, Aylin P, Bottle A. Systematic review of comorbidity
indices for administrative data. Med Care 2012;50:1109–1118.

17. Walter LC, Lindquist K, Nugent S, Schult T, Lee SJ, Casadei MA, et al.
Impact of age and comorbidity on colorectal cancer screening
among older veterans. Ann Intern Med 2009;150:465–473.

18. Walter LC, Bertenthal D, Lindquist K, Konety BR. PSA screening
among elderly men with limited life expectancies. JAMA 2006;296:
2336–2342.

19. Saini SD, Vijan S, Schoenfeld P, Powell AA, Moser S, Kerr EA. Role of
quality measurement in inappropriate use of screening for colorectal
cancer: retrospective cohort study. BMJ 2014;348:g1247.
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21. Tammemägi CM, Nerenz D, Neslund-Dudas C, Feldkamp C,
Nathanson D. Comorbidity and survival disparities among black and
white patients with breast cancer. JAMA 2005;294:1765–1772.

22. Cruz M, Covinsky K, Widera EW, Stijacic-Cenzer I, Lee SJ. Predicting
10-year mortality for older adults. JAMA 2013;309:874–876.

23. Schonberg MA, Li V, Marcantonio ER, Davis RB, McCarthy EP.
Predicting mortality up to 14 years among community-dwelling
adults aged 65 and older. J Am Geriatr Soc 2017;65:1310–1315.

24. Sanchez-Salcedo P, Wilson DO, de-Torres JP, Weissfeld JL, Berto J,
Campo A, et al. Improving selection criteria for lung cancer
screening. The potential role of emphysema. Am J Respir Crit Care
Med 2015;191:924–931.

25. Gonzalez J, Marı́n M, Sánchez-Salcedo P, Zulueta JJ. Lung cancer
screening in patients with chronic obstructive pulmonary disease.
Ann Transl Med 2016;4:160.

26. de-Torres JP, Marı́n JM, Casanova C, Pinto-Plata V, Divo M, Cote C,
et al. Identification of COPD patients at high risk for lung cancer
mortality using the COPD-LUCSS-DLCO. Chest 2016;149:936–942.

27. Hopkins RJ, Duan F, Chiles C, Greco EM, Gamble GD, Aberle D, et al.
Reduced expiratory flow rate among heavy smokers increases lung
cancer risk: results from the National Lung Screening Trial–American
College of Radiology Imaging Network Cohort. Ann Am Thorac Soc
2017;14:392–402.

28. Wiener RS, Schwartz LM, Woloshin S, Welch HG. Population-based
risk for complications after transthoracic needle lung biopsy of a
pulmonary nodule: an analysis of discharge records. Ann Intern Med
2011;155:137–144.

AMERICAN THORACIC SOCIETY DOCUMENTS

e12 American Journal of Respiratory and Critical Care Medicine Volume 198 Number 2 | July 15 2018



29. Husain ZA, Kim AW, Yu JB, Decker RH, Corso CD. Defining the high-
risk population for mortality after resection of early stage NSCLC.
Clin Lung Cancer 2015;16:e183–e187.

30. Lowry KP, Gazelle GS, Gilmore ME, Johanson C, Munshi V, Choi SE,
et al. Personalizing annual lung cancer screening for patients with
chronic obstructive pulmonary disease: a decision analysis. Cancer
2015;121:1556–1562.

31. Celli BR, Cote CG, Marin JM, Casanova C, Montes de Oca M, Mendez
RA, et al. The body-mass index, airflow obstruction, dyspnea, and
exercise capacity index in chronic obstructive pulmonary disease. N
Engl J Med 2004;350:1005–1012.

32. Bellinger CR, Khan I, Chatterjee AB, Haponik EF. Bronchoscopy safety
in patients with chronic obstructive lung disease. J Bronchology
Interv Pulmonol 2017;24:98–103.

33. Henschke CI, Yankelevitz DF, Libby DM, Pasmantier MW, Smith JP,
Miettinen OS; International Early Lung Cancer Action Program
Investigators. Survival of patients with stage I lung cancer detected
on CT screening. N Engl J Med 2006;355:1763–1771.

34. Infante M, Cavuto S, Lutman FR, Brambilla G, Chiesa G, Ceresoli G,
et al.; DANTE Study Group. A randomized study of lung cancer
screening with spiral computed tomography: three-year results from
the DANTE trial. Am J Respir Crit Care Med 2009;180:445–453.

35. Pollack CE, Platz EA, Bhavsar NA, Noronha G, Green GE, Chen S, et al.
Primary care providers’ perspectives on discontinuing prostate
cancer screening. Cancer 2012;118:5518–5524.

36. Royce TJ, Hendrix LH, Stokes WA, Allen IM, Chen RC. Cancer
screening rates in individuals with different life expectancies. JAMA
Intern Med 2014;174:1558–1565.

37. Schoenborn NL, Bowman TL II, Cayea D, Pollack CE, Feeser S, Boyd
C. Primary care practitioners’ views on incorporating long-term
prognosis in the care of older adults. JAMA Intern Med 2016;176:
671–678.

38. Iaccarino JM, Clark J, Bolton R, Kinsinger L, Kelley M, Slatore CG, et al.
A national survey of pulmonologists’ views on low-dose computed
tomography screening for lung cancer. Ann Am Thorac Soc 2015;12:
1667–1675.

39. Schoenborn NL, Lee K, Pollack CE, Armacost K, Dy SM, Bridges JFP,
et al. Older adults’ views and communication preferences about
cancer screening cessation. JAMA Intern Med 2017;177:
1121–1128.

40. U.S. Preventive Services Task Force. Final update summary: lung
cancer: screening. 2015 Jul [accessed 2018 Jan 5]. Available from:
https://www.uspreventiveservicestaskforce.org/Page/Document/
UpdateSummaryFinal/lung-cancer-screening.

41. Wender R, Fontham ETH, Barrera E Jr, Cloditz GA, Church TR,
Ettinger DS, et al. American Cancer Society lung cancer
screening guidelines. CA Cancer J Clin 2013;63:106–117.

42. Mazzone PJ, Silvestri GA, Patel S, Kanne JP, Kinsinger LS, Wiener RS,
et al. Screening for Lung Cancer: CHEST Guideline and Expert Panel
Report. Chest 2018;153:954–985.

43. Bach PB, Cramer LD, Schrag D, Downey RJ, Gelfand SE, Begg CB.
The influence of hospital volume on survival after resection for lung
cancer. N Engl J Med 2001;345:181–188.

44. Silvestri GA, Handy J, Lackland D, Corley E, Reed CE. Specialists
achieve better outcomes than generalists for lung cancer surgery.
Chest 1998;114:675–680.

45. Chang JY, Senan S, Paul MA, Mehran RJ, Louie AV, Balter P, et al.
Stereotactic ablative radiotherapy versus lobectomy for operable
stage I non-small-cell lung cancer: a pooled analysis of two
randomised trials. Lancet Oncol 2015;16:630–637.

46. Rosen JE, Salazar MC, Wang Z, Yu JB, Decker RH, Kim AW, et al.
Lobectomy versus stereotactic body radiotherapy in healthy patients
with stage I lung cancer. J Thorac Cardiovasc Surg 2016;152:44–54.e9.

47. Lammers A, Mitin T, Moghanaki D, Thomas CR Jr, Timmerman R,
Golden SE, et al. Lung cancer specialists’ opinions on treatment for
stage I non-small cell lung cancer: a multidisciplinary survey. Adv
Radiat Oncol 2018;3:125–129.

48. Ceppa DP, Kosinski AS, Berry MF, Tong BC, Harpole DH, Mitchell
JD, et al. Thoracoscopic lobectomy has increasing benefit in
patients with poor pulmonary function: a Society of Thoracic
Surgeons database analysis. Ann Surg 2012;256:487–493.

49. Burt BM, Kosinski AS, Shrager JB, Onaitis MW, Weigel T. Thoracoscopic
lobectomy is associated with acceptable morbidity and mortality in
patients with predicted postoperative forced expiratory volume in 1
second or diffusing capacity for carbon monoxide less than 40% of
normal. J Thorac Cardiovasc Surg 2014;148:19–28, 28–29.e1.

50. Berry MF, Villamizar-Ortiz NR, Tong BC, Burfeind WR Jr, Harpole DH,
D’Amico TA, et al. Pulmonary function tests do not predict pulmonary
complications after thoracoscopic lobectomy. Ann Thorac Surg
2010;89:1044–1051, discussion 1051–1052.

51. Sandri A, Papagiannopoulos K, Milton R, Chaudhuri N, Kefaloyannis E,
Pompili C, et al. High-risk patients and postoperative complications
following video-assisted thoracic surgery lobectomy: a case-matched
comparison with lower-risk counterparts. Interact Cardiovasc Thorac
Surg 2015;21:761–765.

52. Detterbeck F, Molins L. Video-assisted thoracic surgery and open
chest surgery in lung cancer treatment: present and future. J Vis Surg
2016;2:173.

AMERICAN THORACIC SOCIETY DOCUMENTS

American Thoracic Society Documents e13

https://www.uspreventiveservicestaskforce.org/Page/Document/UpdateSummaryFinal/lung-cancer-screening
https://www.uspreventiveservicestaskforce.org/Page/Document/UpdateSummaryFinal/lung-cancer-screening

	link2external
	link2external
	link2external

