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Abstract

National recommendations for lung cancer screening for former
and current smokers aged 55–80 years with a 30–pack-year smoking
history create demand to implement efficient and effective systems
to offer smoking cessation on a large scale. These older, high-risk
smokers differ from participants in past clinical trials of behavioral
and pharmacologic interventions for tobacco dependence. There
is a gap in knowledge about how best to design systems to extend
reach and treatments to maximize smoking cessation in the context
of lung cancer screening. Eight clinical trials, seven funded by
the National Cancer Institute and one by the Veterans Health
Administration, address this gap and form the SCALE
(Smoking Cessation within the Context of Lung Cancer Screening)
collaboration. This paper describes methodological issues
related to the design of these clinical trials: clinical workflow,
participant eligibility criteria, screening indication (baseline or

annual repeat screen), assessment content, interest in stopping
smoking, and treatment delivery method and dose, all of which
will affect tobacco treatment outcomes. Tobacco interventions
consider the “teachable moment” offered by lung cancer
screening, how to incorporate positive and negative screening
results, and coordination of smoking cessation treatment with
clinical events associated with lung cancer screening. Unique data
elements, such as perceived risk of lung cancer and costs of
tobacco treatment, are of interest. Lung cancer screening presents
a new and promising opportunity to reduce morbidity and
mortality resulting from lung cancer that can be amplified by
effective smoking cessation treatment. SCALE teamwork and
collaboration promise to maximize knowledge gained from the
clinical trials.
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In 2010, the National Cancer Institute (NCI)
completed the landmark National Lung
Screening Trial (NLST) (1). This study
randomized 53,454 current or former heavy
smokers to three annual screens with either
low-dose computed tomography (LDCT)
or chest X-ray screening. Compared with
chest X-ray screening, LDCT screening
yielded a 20% reduction in the lung cancer
mortality rate. Along with the American
Association for Thoracic Surgery (2),
American Cancer Society (3), American
College of Chest Physicians (4, 5),
American Lung Association (4, 6),
American Society of Clinical Oncology
(4), American Thoracic Society (7), and
National Comprehensive Cancer Network
(8), the U.S. Preventive Services Task Force
(USPSTF) issued recommendations in
favor of screening for persons at high risk
based on age and smoking history (grade B)
(9). The USPSTF defined high risk as adults
aged 55–80 years who have a 30–pack-year
smoking history and currently smoke or
have quit within the past 15 years.

Clinical Priority

Studies suggest that at least 50% of
individuals undergoing LDCT screening will
be current smokers and that there are
approximately 5 million current smokers
eligible for screening in the United States
(10, 11). The USPSTF recommendation to
screen smokers at high risk for lung cancer
creates a demand to implement efficient
and effective systems to offer tobacco
treatment on a large scale. Lung cancer
screening (LCS) provides an additional
interaction between a smoker and the
healthcare system. Smokers seeking LCS
may be more open to quitting than the
general population of smokers (12). A
recent study, however, describes low rates
of providing assistance with quitting and
arranging follow-up (two of the “5 As”
recommended in the clinical practice
guideline [13] for smoking cessation) by
primary care providers for participants in
the NLST, although assistance and
arranging follow-up were significantly
associated with increased odds of quitting
(odds ratio, 1.40; 95% confidence interval,
1.21–1.63; and odds ratio, 1.46; 95% CI,
1.19–1.79, respectively) (14). The
combination of LCS and smoking
abstinence resulted in the maximum
reduction in mortality in the NLST (15).

Although there are established clinical
practice guidelines for treatment of tobacco
dependence (13), smokers who undergo
LCS may vary widely in their readiness to
quit, interest in smoking cessation
treatment, and prior experience with
pharmacological and behavioral therapies.
The Society for Research on Nicotine and
Tobacco and the Association for the
Treatment of Tobacco Use and
Dependence have provided a clinical
guideline regarding delivery of smoking
cessation interventions in the context of
LCS but acknowledge the paucity of data
specific to this patient population as well
as the need for research on how best to
design and deliver cessation programs in
this context (16).

Incentives and Barriers to
Integration of Smoking
Cessation into LCS

The Centers for Medicare and Medicaid
Services (CMS) decision to cover LCS with
LDCT on February 5, 2015 (17, 18),
included strict criteria for LCS, such as the
requirement that patients participate in a
face-to-face shared decision-making visit
with a credentialed provider and receive
smoking cessation counseling before
screening (19). Although reimbursement
to the imaging facility is contingent on
offering smoking cessation counseling,
many LCS sites indicate that they face
significant implementation barriers to the
delivery of tobacco cessation care (20).
These include lack of patient interest, lack
of staff training, and complexities of
reimbursement for smoking cessation
services.

Observations of Smoking
Cessation Derived from LCS
Programs

Findings derived from observational studies
of smokers in LCS programs indicate
substantial interest in quitting (67–95%)
(12, 21–24), although there is variability by
screening result and by study. For example,
of current smokers in the NLST, 70%
considered quitting, 17% were preparing to
quit, and only 13% had no intention to quit
(25). In the New York Early Lung Cancer
Action Project, 32% were seriously thinking
of quitting within 30 days, and 47% were

seriously thinking of quitting within 6
months (26).

Self-reported smoking cessation rates
among those undergoing LCS are fairly high
(16–42%), but reports are inconsistent
(22, 23, 26–31). Selection factors may
limit the generalizability of extant smoking
cessation outcome data derived from
these observational studies. For instance,
the NLST population likely differs from the
true population of smokers undergoing
LCS because they are early screening
adopters as well as research participants.
Early screening adopters may be more
likely to quit smoking than those who elect
screening in later years or not at all.
Other limitations include that most
smoking cessation interventions in the LCS
setting have relied on low-intensity
treatment strategies such as the provision
of self-help materials and referral to a
quitline (32). There could be additional
benefit to enhancing the intensity of
smoking cessation treatment provided to
smokers who participate in LCS. Also,
important confounders, such as heaviness
of smoking and mental health diagnoses,
often were not considered in earlier
studies (33).

Knowledge Gap

There is a critical gap in knowledge about
how best to deliver cost-effective smoking
cessation treatment in the context of LCS.
Patients participating in LCS are unlikely
to be representative of the general
population of smokers or even of the
population of smokers eligible for screening.
For example, those electing LCS are older
than the general population of smokers;
are more likely to have medical
comorbidities; and are more likely to be
heavy, long-standing smokers. Although
smoking at older ages may suggest resistance
to smoking intervention (“hard-core
smokers”) (34, 35), some data suggest that
older smokers, including those undergoing
LCS, are interested in quitting (36), and
treatment trials with older patients suggest
effectiveness (37–40). Compared with
younger smokers, older smokers are known
to hold unique beliefs regarding the harms
of smoking, their personal ability to quit
successfully, and the benefits of quitting, all
of which may affect their engagement with
and response to a cessation intervention
embedded in this setting (41).
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Eligible patients who undergo LCS may
differ from those who do not in ways other
than age. For example, they may interact
more frequently with the healthcare system
and be more proactive about their health
care than average smokers. On one hand,
participation in screening may indicate
recognition of the adverse consequences of
smoking and interest in behavior change,
and screening results may improve the
impact of a smoking cessation intervention.
On the other hand, it is possible that they
have been offered smoking cessation
treatment but are more refractory. These
differences raise important questions about
the application of results of smoking
cessation trials that have been conducted in
other settings to the population of patients
currently undergoing LCS and create a
compelling research opportunity. This
knowledge gap can be addressed by
conducting randomized clinical trials
(RCTs) to test specific smoking cessation
interventions.

The need for randomized trials
conducted in the setting of LCS is made
more pressing by the broad range of LCS
facilities, including stand-alone programs,
primary care, academic sites, or referral-
based programs. Staff training and lack of
reimbursement have been identified as
important barriers to implementing
smoking cessation treatment (20). Research
on systems designed to improve program
reach is needed.

SCALE Collaboration

The NCI announced a funding opportunity,
SCALE (Smoking Cessation within the
Context of Lung Cancer Screening) (R01;
RFA-CA-15-011), in June 2015. The goal
of the funding opportunity announcement
was to support projects testing smoking
interventions for patients undergoing LDCT
for LCS and to build an evidence base for
effective interventions delivered in this
setting. Requirements include comparative
designs, capacity to determine effective
intervention components, common
endpoints, measurement of patient
acceptance and reach, and cost. NCI is
interested in intervention design as well as
dissemination and implementation
strategies that would be effective in the
context of LCS programs. NCI has funded
six clinical trials under the funding
opportunity announcement as well as an

additional trial, and another SCALE trial is
funded by the Veterans Health
Administration.

The eight ongoing projects are testing
various permutations of smoking cessation
intervention strategies of different
intensities (e.g., quitlines, cessation
medications and medication sampling,
integrated care, training toolkits, digital
resources such as web-based programs and
text messaging, gain vs. loss message
framing) (Table 1). Study designs include
traditional RCTs; cluster randomized
control designs; sequential multiple
assignment randomized trials; factorial
experimental designs (multiphase
optimization strategy;); and modeling of
LCS outcomes, including potential health
benefits of smoking cessation treatment.
The trials range in size (N = 616–1,650); the
number of sites and sample sizes are
described in Table 2. All trials include
cost-effectiveness analyses, and many
examine strategies for dissemination and
implementation. With leadership from the
NCI’s Tobacco Control Research Branch,
investigators in the eight projects have
formed the SCALE collaboration to
facilitate data sharing and peer feedback
and to maximize the knowledge gained
from the clinical trials. The purpose of
this paper is to describe common
methodological issues related to design and
implementation of smoking cessation
clinical trials in the setting of LCS, given
unique aspects of the study population and
clinical setting.

Clinical Context of LCS
The current LCS guideline presents
several opportunities and challenges to
coordination of screening and smoking
cessation treatment, and raises practical
questions regarding how and where in the
healthcare system smoking cessation
treatment should occur. CMS requires a
shared decision-making visit and mandates
the offer of smoking cessation treatment;
however, further research is needed to
determine effective, scalable clinical
workflow regarding where, when, how, and
by whom smoking cessation treatment
should be delivered.

Staffing of LCS Sites
The American Thoracic Society and the
American College of Chest Physicians have
published recommendations for best
strategies to develop comprehensive LCS

programs (7), but sites vary in their
personnel and organizational readiness for
smoking cessation treatment delivery (20).
Some sites have clinical staff on-site, and
others have radiologists read remotely.
Some sites, particularly those in hospital
settings, are affiliated with tobacco
treatment clinics. Who should provide
cessation treatment? Should the primary
care provider be responsible, or should the
treatment be delivered by a specialty service
such as a tobacco treatment clinic or
quitline? On-site staff may vary in their
level of training and comfort in delivery of
smoking cessation treatment. Similarly,
who should prescribe pharmacotherapy for
smoking cessation, and who can provide
behavioral counseling? Should it be
dispensed on-site by tobacco treatment
specialists? Although the clinical practice
guidelines stipulate that a broad range of
healthcare clinicians can treat tobacco
dependence, it is clear that one-size-fits-all
staffing plans are not realistic. The SCALE
projects have selected various staffing plans
(e.g., primary care provider, pharmacists,
nurse practitioners, quitlines, tobacco
treatment specialists) for smoking cessation
treatment delivery and will generate
materials and protocols that can be shared
with the LCS community.

Study Recruitment
The main eligibility criteria for LCS are age
and smoking history; therefore, there is
potential to identify patients who are eligible
for screening based on electronic health
record (EHR) data. The EHR identifies
current smoking status with good accuracy
(42) and has proved useful for recruitment
of patients to prior smoking cessation
intervention treatment trials (43, 44). The
EHR can facilitate evaluation of
population-based intervention and quit
rates. Using the EHR for recruitment may
also be effective at overcoming provider
bias in offering LCS and/or smoking
interventions to a variety of patient
populations, including racial and ethnic
minorities, low-income patients, or patients
with mental health disorders. Pragmatic
clinical trial designs are especially
promising in that recruitment emphasizes
broad participant inclusion with few
exclusion criteria; interventions are
delivered by practitioners; primary
outcomes are clinically meaningful; and
analysis includes all participants (43, 45,
46). The researchers in the SCALE trials
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Table 1. SCALE Trial Descriptions

Trial Name, Institution, and PI(s) Main Study Aims

LUNA To evaluate the efficacy of three smoking cessation treatment strategies of increasing
intensity and integration: integrated care (which offers on-site tailored and individual
smoking cessation counseling plus choice of pharmacotherapy), quitline (which
provides standard five-session protocol of quitline counseling), and quitline plus
(which offers quitline counseling plus choice of pharmacotherapy)

University of Texas MD Anderson Cancer Center

To evaluate the cost and cost effectiveness of the different treatments

P. M. Cinciripini

To assess the moderating influence of mental health conditions on treatment outcome

Implementation of Smoking Cessation Services
within NCI NCORP Community Sites with
Organized Lung Cancer Screening Programs

To evaluate a multifaceted training program to improve short-term smoking cessation
rates and sustained abstinence among patients who present for LCS in 22
community-based practices

Wake Forest Baptist Health To characterize the adoption and adaptation of evidence-based tobacco cessation
strategies in LCS programsK. Foley and C. Chiles

To develop and evaluate an implementation toolkit for integrating evidence-based
tobacco cessation strategies into LCS

MATCH To examine the comparative effectiveness of a digital (Internet and SMS) cessation
intervention, alone and in combination with smoking cessation treatment by a
tobacco treatment specialist counselor, compared with an ask-advise-refer usual
care control condition

Mayo Clinic, Rochester, Minnesota

To determine whether proactive enrollment increases treatment use and the
representativeness of the study sample relative to all smokers screened for LDCT
eligibility (reach)

J. T. Hays and D. E. Midthun

To evaluate the potential for intervention implementation (adoption) at LDCT clinics

PLUTO To use a SMART design to compare telephone-based tobacco longitudinal care vs.
tobacco longitudinal care plus pharmacist-administered medication therapy
management (for nonresponders to initial treatment), as well as monthly tobacco
longitudinal care contact vs. quarterly contact (for complete responders to initial
treatment)

University of Minnesota

To determine if timing of identifying initial response to treatment moderates treatment
effects

A. M. Joseph

CASTL To use MOST design to identify which of four evidence-based tobacco treatment
components contribute to superior cessation endpoints: 1) motivational interviewing,
2) NRT patch, 3) NRT lozenge, and 4) message framing (gain vs. loss)

Memorial Sloan Kettering Cancer Center, New
York University Langone Medical Center

To estimate the incremental cost and cost effectiveness of these tobacco treatment
components over and above usual care

J. S. Ostroff and D. Shelley

To conduct a mixed-methods evaluation of factors that may influence implementation and
sustainability for delivering effective models of smoking cessation treatment in lung
cancer screening settings

The Lung Screening, Tobacco, and Health Project To compare eight sessions of telephone counseling plus NRT patch with three
sessions of telephone counseling plus NRT patchGeorgetown University Medical Center

To assess whether the screening result moderates cessation outcomesK. L. Taylor
To evaluate reach and engagement of the interventions
To conduct a cost-effectiveness analysis and employ the University of Michigan
CISNET model to predict the long-term population impacts of the interventions

LUNG To conduct a 23 2 randomized trial of a gain-framed intervention (yes vs. no) 3 NRT
sampling (2-wk supply of both nicotine patch and lozenge vs. not) within a high-risk
group of smokers presenting for lung cancer screening

Medical University of South Carolina
B. A. Toll

PROACT To conduct a pragmatic trial in two VA medical centers offering LCS in the primary care
setting, comparing usual care with integration of standardized proactive opt-out
cessation support, including starter packs of cessation medication mailed with
screening results letters and proactive behavioral telephone support conducted by
the VA Quitline

Veterans Health Administration
S. B. Zeliadt and J. L. Heffner

Definition of abbreviations: CASTL = Cessation and Screening Save Lives; CISNET = Cancer Intervention and Surveillance Modeling Network; LCS = lung
cancer screening; LDCT = low-dose computed tomography; LUNA =Optimizing Effectiveness of Smoking Cessation Intervention during LDCT Screening
for Lung Cancer; LUNG= Lung Cancer Screening Patients Utilizing NRT and Gain-framed Messages; MATCH=Mayo and Truth Collaboration for Health;
MOST =multiphase optimization strategy; NCI = National Cancer Institute; NCORP =National Cancer Institute Community Oncology Research Program;
NRT = nicotine replacement therapy; PI = principal investigator; PLUTO = Program in Lung Cancer Screening and Tobacco Cessation; PROACT =
Promoting Smoking Cessation in Lung Cancer Screening through Proactive Treatment; SCALE = Smoking Cessation within the Context of Lung Cancer
Screening; SMART = sequential multiple assignment randomized trials; VA = Department of Veterans Affairs.
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will be collecting standardized data on
participant recruitment rates (reach) and
examining demographic characteristics of
enrollees and study refusers.

Trial Eligibility Criteria
Every clinical trial must carefully define
inclusion and exclusion criteria to enable
full understanding of how potential
treatment results apply to patient
populations. There is good justification for
matching eligibility criteria to the clinical
population of interest as closely as possible.
Trials of smoking cessation treatment in
the setting of LCS face at least four unique
issues relevant to patient selection, as
described below.

Screen eligible versus screen completed.
Some healthcare systems are putting
considerable effort into recruiting patients
for LCS. Some identify patients through
the EHR and mail invitations to eligible
current and former smokers. However,
participation in LCS is voluntary, and many
patients decline the screening invitation
(47–49). Therefore, an interesting question
is which groups of currently smoking
screening-eligible persons should be
included in smoking cessation intervention
trials: only those who complete LDCT, or
also those who decline screening, decline
screening after a shared decision-making
visit, or accept but do not complete the
LDCT? The choice of eligibility criteria
based on these patient characteristics has
potential to affect trial recruitment and
treatment outcomes. For example, it is
plausible that those who accept and
complete screening will be more responsive
to interventions than those who do not.
However, if intervention protocols include
content that is specific to screening
results, it may not be practical to include
participants who do not complete
screening. On one hand, including
subjects who are screen eligible provides a
larger number of patients from which to
recruit and may more accurately represent
the clinical population of interest. On the
other hand, including only smokers who
undergo LDCT enables more targeted
evaluation of tobacco treatment in the
specific context of LCS. There may be
patients for whom LDCT is contraindicated
but would still benefit from smoking
cessation. Therefore, the decision about
including screen-eligible or screen-
completed patients has important
implications.

Baseline screening versus annual repeat
screening. LDCT LCS recommendations
and insurance coverage for the procedure
are relatively new; at the time the present
authors were writing this paper, the majority
of patients undergoing screening would be
seeking baseline screens. Recommendations,
however, include annual repeat screening.
The annual repeat screen provides an
opportunity for reengagement in smoking
cessation treatment if the patient has not
quit in the interim, and it may be a suitable
framework for serial delivery of smoking
cessation interventions. This opportunity
raises many familiar issues concerning the
“re-cycling” of smokers through treatment.
Should treatments be repeated? Should they
be revised? If revised, what is the best
sequence of treatments? An important issue
is whether smoking cessation treatment
efficacy changes over time. For example,
one might hypothesize that smoking
treatment will be more effective at the time
of the baseline screen than at annual repeat
screens, or conversely that it might become
more effective over time. A study cohort
that includes both patients undergoing
baseline screens and patients undergoing
annual repeat screens would allow
researchers to investigate these questions.
However, inclusion of both types of
patients introduces heterogeneity that may
dilute the overall effect if treatment effects
differ by this characteristic.

Interest in quitting smoking. Smoking
cessation trials include smokers with a range
of interest in quitting and willingness to set a
quit date. Restricting eligibility to only
smokers who are ready to set a quit date
within 30 days, for example, will guide
intervention content and may also be
associated with higher quit rates than
including all smokers eligible for LCS,
regardless of motivation to quit. Some
recent population-based studies including
all smokers have shown that flexible,
tailored treatment is effective even for those
smokers who are precontemplators (50).
Including “all comers,” however, demands
intervention components that range
from increasing motivation to quit to
pharmacotherapy; this may attenuate
specific treatment effects. Also, cessation
induction, smoking reduction, and aid-to-
cessation trials require different outcome
measures and timing of outcome
measurements (51, 52).

Inclusion of recent quitters. Some
patients who are identified as eligible for

LCS may stop smoking before the LDCT
owing to fear arousal associated with the
impending test. Careful consideration of the
definition of “current smoker,” therefore, is
needed for eligibility criteria for a clinical
trial conducted in this setting. The rationale
for including recent quitters, such as those
quitting within the last 30 days, is that these
quits may be unaided by pharmacological
intervention or behavioral counseling (the
mainstays of evidence-based tobacco
treatment), and the relapse rate for recent
quitters is extremely high (53, 54). The
rationale for excluding these potential
subjects is that they may be more motivated
and likely to quit, regardless of whether
they receive the intervention, thereby
mitigating differences between
interventions that are being compared. A
real-world matter is that patients may have
started pharmacotherapy or behavioral
counseling that is either inconsistent with
or may contaminate the study protocol, and
ethical concerns preclude stopping those
therapies. The CMS requirement to provide
smoking cessation treatment to current
smokers undergoing LCS makes this
scenario fairly common.

Issues Related to Smoking Cessation
Intervention Content

Teachable moment hypothesis. One
rationale for including a smoking cessation
intervention with LCS is based on the
teachable moment hypothesis (21, 55–57).
This health behavior model suggests that
certain health threats increase the
likelihood of making behavioral changes
and enhance the effectiveness of behavioral
interventions. Examples that support this
hypothesis are the high rate of smoking
cessation after hospitalization for
myocardial infarction (58), perioperatively
(59), or after a cancer diagnosis (60–62).
McBride and colleagues suggested that
three conditions form the construct for a
teachable moment: The event must 1)
increase perception of personal risk, 2)
create an emotional response, and 3)
change the patient’s concept of themselves
(55). The teachable moment model
provides a conceptual framework for
developing smoking interventions focused
on these three parameters or at least for
collection of data to document intervention
effects on the three conditions, hopefully
creating a therapeutic milieu during the
LCS process. However, there is currently a
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lack of evidence that undergoing LCS per se
alters perceived lung cancer risk (63).

Positive and negative screening results.
There are key questions about whether, how,
and when to incorporate LDCT scan results
with behavioral counseling for smoking
cessation. In addition, the NLST and other
screening studies suggest that approximately
25% of patients will have an abnormal
finding that ranges from minor to severe
(but the vast majority of abnormal scans
are false positive results for lung cancer)
(64). Recent data from the Veterans Health
Administration suggest that the rate of
abnormal findings may be as high as 60%
(65). Furthermore, other smoking-related
diseases may be detected, such as coronary
artery calcification and emphysema, which
might increase motivation to quit.

In general, observational studies
suggest that scan abnormalities are
associated with a higher smoking cessation
rate (21–24, 27, 28, 30, 66, 67),
supporting the premise that LCS may be
an opportune time to promote cessation.
In fact, the more serious the abnormality
identified on LDCT, the more likely the
patient will quit (11, 30, 27, 33). Robust
trials are needed to test the tailoring of
smoking intervention by LDCT results. For
example, patients with a new diagnosis of
emphysema by LDCT could receive tailored
information about the relationship between
smoking and emphysema. Although this
approach may be effective, tobacco
counselors are generally not trained in the
clinical issues related to LDCT scan
abnormalities and follow-up, so there are
practical concerns about implementation.

However, up to 75% of screening
results will be normal. Limited data do not
support the common concern that a
negative scan reduces interest in cessation
(the “healthy certificate effect”) (26, 30).
Some qualitative data, however, support the
possibility that patients with a “clean”
LDCT screening scan may overestimate the
benefits of screening and be falsely
reassured, with potentially adverse effects
on cessation behavior (68). It will be
important for clinical trials to determine
the most effective method to incorporate
normal findings in smoking cessation
intervention content and still maximize
motivation to quit. It is also critical to
measure whether normal findings have the
unintended consequence of decreasing
smoking cessation treatment efficacy.
Careful attention to standardizing how

LCS findings are described and
incorporated into cessation trials is a
critical methodological issue, and cessation
outcomes should be analyzed by scan
results.

Coordination of smoking cessation
treatment with LCS clinical events. Positive
scan results lead to clinical follow-up that
ranges from repeat scanning at an interval
of less than 1 year to bronchoscopy, needle
biopsy, surgical lung biopsy, or resection.
LCS involves a multidisciplinary clinical
team, often including primary care,
radiology, pulmonary, thoracic surgery, and
oncology providers. Therefore, a subgroup
of patients undergoing screening will
have continued contact with the healthcare
system, providing additional opportunities
for smoking cessation treatment over
time. Smoking cessation treatment efficacy
may be amplified by the involvement of
and coordination with this variety of
clinicians providing follow-up care. Trial
researchers may choose to engage the
complete clinical team (or not).

It is reasonable to hypothesize that
details regarding the coordination of LCS
events with delivery of smoking cessation
interventions might influence the efficacy
of treatment. Each potential clinical
encounter provides a different context for
intervention delivery, and the intervention
content may interact with the context,
with variable results depending on the
situation. For example, a prescription for
pharmacotherapy initiated by the patient’s
primary care provider may be more (or
less) effective than the identical prescription
from a quitline.

The sequence and timing of starting
smoking cessation treatment relative to
diagnostic testing may also be important
(29). Patients may have apprehension
before the scan is completed or before they
receive the result that contributes to
motivation to quit. Therefore, tobacco
treatment delivery before receipt of results
might enhance efficacy. Conversely,
excessive anxiety about the screening result
may distract the participant from engaging
in behavior change. It may be difficult for
researchers in clinical trials to fully control
the sequence and timing of clinical
events associated with LCS, however. For
example, some patients will receive an
LDCT scan result on the same day as the
scan is done via electronic communication
(especially if it is normal), and the smoking
intervention may or may not have started.

Secondary analyses can be done to examine
the influence of timing and sequence of
tobacco intervention activities relative to
screening activities, so documentation of
event logistics is important.

Issues Related to Data Collection

Anchoring of data collection. A variety of
short- and long-term outcomes are
monitored in smoking cessation trials,
including abstinence from smoking and
quit attempts. For smoking cessation
interventions conducted in the context of
LCS, outcome assessments could be
anchored to the LDCT, to the initiation of
smoking treatment, or to the quit date,
presuming one occurs. There are advantages
of linking to the LDCT, particularly if
scan results figure prominently in the
intervention. Disadvantages of this
approach are that smoking treatment and
quit dates may vary and be delayed, so long-
term outcome measurement (e.g., 6 or 12
mo) may end up occurring close to the end
of treatment. In most, but not all, of the
SCALE trials, investigators will be collecting
a core set of data on participant
characteristics, anchoring data collection
variably to ordering LCS, conducting of
LCS, trial enrollment, or beginning of
treatment (Table 3). Core measures include
follow-up up data collected 7 days, 3
months, and 6 months after enrollment, but
some trials have additional data collection
points.

Unique data elements. It is typical to
collect baseline data regarding factors
known to moderate the effectiveness of
smoking interventions, such as heaviness of
smoking and depression. Trials conducted
in the context of LCS may benefit from
data collection on additional potential
moderators and mediators of treatment
effects that are specific to LCS, including
lung cancer risk perception and worry. A
family history of lung cancer has been
shown to increase perceived risk of lung
cancer and may be an important variable to
collect (69, 70).

For patients who receive abnormal
results, subsequent medical workup events
may facilitate or impede smoking cessation.
Undergoing invasive procedures such as
lung biopsy or surgical lung resection may
be especially influential because some
surgeons will delay lung resection surgery to
encourage smoking cessation (71). The
outcomes of additional testing (e.g.,
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diagnosis of lung cancer or identification
of nonmalignant etiology of findings)
may also influence cessation outcomes.
Researchers in cessation trials conducted
in the context of LCS will need access to
this information to evaluate the potential
moderation of study outcomes. CMS
requires participation in a registry for all
centers conducting LCS. Currently, the
only approved U.S. registry is that of the
American College of Radiology (72).
The registry may facilitate recovery of scan
results to include in analysis.

Cost-Effectiveness Analyses
Clinical trials in this setting should consider
including cost-effectiveness analyses,
especially given the number of current
smokers who will undergo LCS if
recommendations are fully implemented.
A broad range of smoking interventions
have been shown to be very cost effective
(73), from low-intensity electronic aids (74)
to pharmacotherapy guided by
pharmacogenetic testing (75). Smoking
cessation intervention for lung cancer
patients has also been shown to be cost
effective (76). Data suggest that the cost
effectiveness of LCS would be improved
by between 20% and 45% if smoking
cessation were added (77). However, even
small differences in the cost of smoking
cessation treatment will become important
if programs are fully scaled up. Increased
costs, however, may be mitigated at least
in part by increased quit rates. Researchers
in clinical trials can contribute to
addressing this knowledge gap by collecting
data about the fixed costs (e.g., overhead,
training) and variable costs (e.g.,
participants, interventionists, medications).
The Cancer Intervention and Surveillance
Modeling Network models the effectiveness
and cost effectiveness of cancer control
initiatives, and it is planning to quantify the
impact of smoking cessation integrated
with LCS on mortality and cost
effectiveness (78). The majority of SCALE
trials will contribute data to this effort.

SCALE Trial Solutions

Investigators in the eight trials participating
in the SCALE collaboration have considered
these issues. A summary of strategies to
address some of the key questions is shown
in Table 3. Similar to all clinical trials,
choices are governed by a combination of
choosing the best design to address the
scientific questions at hand and feasibility
considerations.

Conclusions

There is a strong rationale for providing
smoking cessation interventions for patients
who smoke and are undergoing LCS.
Effective smoking interventions could
augment the benefits of LCS by reducing
mortality and morbidity resulting from lung
cancer, as well as from cardiovascular
disease, cerebrovascular disease, and
chronic obstructive pulmonary disease,
among others.

Fortunately, a new set of RCTs will
contribute information to the design and
implementation of smoking cessation
interventions in the context of LCS. All
SCALE collaboration trials will use a
common core and optional dataset (79).
Coordination of measures will provide
the capacity to merge and pool data
across studies, as well as an opportunity
to examine subpopulations of patients
who are inadequately represented
in single studies. The collaboration
will also facilitate testing exploratory
hypotheses regarding, for example,
intensity of smoking intervention
and the effectiveness of specific
pharmacotherapies.

There are limitations not only to each
of the trials in the SCALE collaboration but
also to the group of studies as a whole.
For example, some racial and ethnic
groups will not be fully represented in
the participant pool; head-to-head
comparisons among medications are

limited; and most participants will be
having baseline screens, owing to the fact
that LCS recommendations are only
starting to be implemented. The efficacy
of smoking cessation treatment may vary
over the course of a patient’s experience
with screening. Also, the potential impact
of incidental findings that are related to
tobacco use, such as coronary calcification,
on smoking cessation is important. There
is still a considerable need for additional
investigation of these questions and
others.

Those designing clinical trials of
smoking cessation in LCS should consider
various methodological and practical issues
presented in this paper. Examples include
eligibility criteria, coordination of smoking
intervention with LCS events, timing of
assessments, and whether and how to
incorporate screening results in smoking
intervention. Feasibility may guide some of
the many choices that are required, and
some of the choices harbor important
research questions. Regardless of design
decisions, we recommend, whenever
practical, that investigators collect data to
describe these parameters so that the
hypotheses can be explored in secondary
analyses.

The advent of LCS affords a
transformative opportunity to reduce
morbidity and mortality of lung cancer.
Innovative, methodologically rigorous
trials focused on the dissemination and
implementation of smoking cessation
programs in the context of LCS will help
achieve the full benefits of LCS. n

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

Acknowledgment: Four SCALE trials include
co–principal investigators. The authors
acknowledge the contributions of Kristie Foley
(Wake Forest Baptist Health), Taylor Hays and
David Midthun (Mayo Clinic, Rochester, MN),
Donna Shelley (New York University Medical
College), and Jaimee Heffner (Fred Hutchinson
Cancer Research Center) to the SCALE
collaboration and to this article.

References

1. Aberle DR, Adams AM, Berg CD, Black WC, Clapp JD, Fagerstrom RM,
et al.; National Lung Screening Trial Research Team. Reduced lung-
cancer mortality with low-dose computed tomographic screening. N
Engl J Med 2011;365:395–409.

2. Jaklitsch MT, Jacobson FL, Austin JHM, Field JK, Jett JR,
Keshavjee S, et al. The American Association for Thoracic
Surgery guidelines for lung cancer screening using low-dose

computed tomography scans for lung cancer survivors and
other high-risk groups. J Thorac Cardiovasc Surg 2012;144:
33–38.

3. Wender R, Fontham ETH, Barrera E Jr, Colditz GA, Church TR, Ettinger
DS, et al. American Cancer Society lung cancer screening guidelines.
CA Cancer J Clin 2013;63:107–117.

4. Bach PB, Mirkin JN, Oliver TK, Azzoli CG, Berry DA, Brawley OW, et al.
Benefits and harms of CT screening for lung cancer: a systematic
review. JAMA 2012;307:2418–2429.

CONCISE CLINICAL REVIEW

180 American Journal of Respiratory and Critical Care Medicine Volume 197 Number 2 | January 15 2018

http://www.atsjournals.org/doi/suppl/10.1164/rccm.201705-0909CI/suppl_file/disclosures.pdf
http://www.atsjournals.org


5. Detterbeck FC, Mazzone PJ, Naidich DP, Bach PB. Screening for lung
cancer: diagnosis and management of lung cancer, 3rd ed: American
College of Chest Physicians evidence-based clinical practice
guidelines. Chest 2013;143(5 Suppl):e78S–e92S.

6. American Lung Association. Providing guidance on lung cancer
screening to patients and physicians. Chicago: American Lung
Association; 2012.

7. Wiener RS, Gould MK, Arenberg DA, Au DH, Fennig K, Lamb CR, et al.;
ATS/ACCP Committee on Low-Dose CT Lung Cancer Screening in
Clinical Practice. An official American Thoracic Society/American
College of Chest Physicians policy statement: implementation of low-
dose computed tomography lung cancer screening programs in
clinical practice. Am J Respir Crit Care Med 2015;192:881–891.

8. National Comprehensive Cancer Network (NCCN). NCCN clinical
practice guidelines in oncology: lung cancer screening. Version 2. Fort
Washington, PA: NCCN; 2014.

9. U.S. Preventive Services Task Force. Screening for lung cancer:
current recommendation. Rockville, MD: U.S. Preventive Services
Task Force; 2013 Dec [accessed Dec 11, 2017]. Available from: http://
www.uspreventiveservicestaskforce.org/uspstf/uspslung.htm.

10. Ma J, Ward EM, Smith R, Jemal A. Annual number of lung cancer
deaths potentially avertable by screening in the United States.
Cancer 2013;119:1381–1385.

11. Humphrey LL, Deffebach M, Pappas M, Baumann C, Artis K, Mitchell JP,
et al. Screening for lung cancer with low-dose computed tomography:
a systematic review to update the US Preventive Services Task Force
recommendation. Ann Intern Med 2013;159:411–420.

12. Hahn EJ, Rayens MK, Hopenhayn C, Christian WJ. Perceived risk and
interest in screening for lung cancer among current and former
smokers. Res Nurs Health 2006;29:359–370.

13. Fiore MC, Jaén CR, Baker TB, Bailey WC, Benowitz NL, Curry SJ, et al.;
Treating Tobacco Use and Dependence Guideline Panel. Treating
tobacco use and dependence: 2008 update. Clinical practice
guideline. Rockville, MD: U.S. Department of Health and Human
Services. Public Health Service; May 2008.

14. Park ER, Gareen IF, Japuntich S, Lennes I, Hyland K, DeMello S, et al.
Primary care provider-delivered smoking cessation interventions and
smoking cessation among participants in the National Lung
Screening Trial. JAMA Intern Med 2015;175:1509–1516.

15. Tanner NT, Kanodra NM, Gebregziabher M, Payne E, Halbert CH,
Warren GW, et al. The association between smoking abstinence and
mortality in the national lung screening trial. Am J Respir Crit Care
Med 2016;193:534–541.

16. Fucito LM, Czabafy S, Hendricks PS, Kotsen C, Richardson D,
Toll BA; Association for the Treatment of Tobacco Use and
Dependence/Society for Research on Nicotine and Tobacco
Synergy Committee. Pairing smoking-cessation services with lung
cancer screening: a clinical guideline from the Association for the
Treatment of Tobacco Use and Dependence and the Society for
Research on Nicotine and Tobacco. Cancer 2016;122:1150–1159.

17. Centers for Medicare and Medicaid Services (CMS). Decision memo for
screening for lung cancer with low dose computed tomography
(LDCT) (CAG-00439N). Baltimore: CMS; 2015. Available from:
http://www.cms.gov/medicare-coverage-database/details/nca-
decision-memo.aspx?NCAId=274.

18. Sox HC. Implementing lung cancer screening under Medicare: the last
chance to get it right? JAMA 2014;312:1206–1207.

19. Volk RJ, Hawk E, Bevers TB. Should CMS cover lung cancer screening
for the fully informed patient? JAMA 2014;312:1193–1194.

20. Ostroff JS, Copeland A, Borderud SP, Li Y, Shelley DR, Henschke CI.
Readiness of lung cancer screening sites to deliver smoking
cessation treatment: current practices, organizational priority, and
perceived barriers. Nicotine Tob Res 2016;18:1067–1075.

21. Taylor KL, Cox LS, Zincke N, Mehta L, McGuire C, Gelmann E. Lung
cancer screening as a teachable moment for smoking cessation.
Lung Cancer 2007;56:125–134.

22. van der Aalst CM, van Klaveren RJ, van den Bergh KAM, Willemsen MC, de
Koning HJ. The impact of a lung cancer computed tomography screening
result on smoking abstinence. Eur Respir J 2011;37:1466–1473.

23. Ostroff JS, Buckshee N, Mancuso CA, Yankelevitz DF, Henschke CI.
Smoking cessation following CT screening for early detection of lung
cancer. Prev Med 2001;33:613–621.

24. Schnoll RA, Bradley P, Miller SM, Unger M, Babb J, Cornfeld M.
Psychological issues related to the use of spiral CT for lung cancer
early detection. Lung Cancer 2003;39:315–325.

25. Park ER, Ostroff JS, Rakowski W, Gareen IF, Diefenbach MA,
Feibelmann S, et al. Risk perceptions among participants undergoing
lung cancer screening: baseline results from the National Lung
Screening Trial. Ann Behav Med 2009;37:268–279.

26. Anderson CM, Yip R, Henschke CI, Yankelevitz DF, Ostroff JS, Burns
DM. Smoking cessation and relapse during a lung cancer screening
program. Cancer Epidemiol Biomarkers Prev 2009;18:3476–3483.

27. Townsend CO, Clark MM, Jett JR, Patten CA, Schroeder DR, Nirelli LM,
et al. Relation between smoking cessation and receiving results from
three annual spiral chest computed tomography scans for lung
carcinoma screening. Cancer 2005;103:2154–2162.

28. Ashraf H, Tønnesen P, Holst Pedersen J, Dirksen A, Thorsen H,
Døssing M. Effect of CT screening on smoking habits at 1-year
follow-up in the Danish Lung Cancer Screening Trial (DLCST). Thorax
2009;64:388–392.

29. Ferketich AK, Otterson GA, King M, Hall N, Browning KK, Wewers ME.
A pilot test of a combined tobacco dependence treatment and lung
cancer screening program. Lung Cancer 2012;76:211–215.
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