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A B S T R A C T

Objectives: Current guidelines recommend delivery of smoking cessation interventions with lung cancer
screening (LCS). Unfortunately, there are limited data to guide clinicians and policy-makers in choosing ces-
sation interventions in this setting. Several trials are underway to fill this evidence gap, but results are not
expected for several years.
Methods and materials: We conducted a systematic review and meta-analysis of current literature on the efficacy
of smoking cessation interventions among populations eligible for LCS. We searched PubMed, Medline, and
PsycINFO for randomized controlled trials of smoking cessation interventions published from 2010–2017. Trials
were eligible for inclusion if they sampled individuals likely to be eligible for LCS based on age and smoking
history, had sample sizes> 100, follow-up of 6- or 12-months, and were based in North America, Western
Europe, Australia, or New Zealand.
Results: Three investigators independently screened 3,813 abstracts and identified 332 for full-text review. Of
these, 85 trials were included and grouped into categories based on the primary intervention: electronic/web-
based, in-person counseling, pharmacotherapy, and telephone counseling. At 6-month follow-up, electronic/
web-based (odds ratio [OR] 1.14, 95% CI 1.03–1.25), in-person counseling (OR 1.46, 95% CI 1.25–1.70), and
pharmacotherapy (OR 1.53, 95% CI 1.33–1.77) interventions significantly increased the odds of abstinence.
Telephone counseling increased the odds but did not reach statistical significance (OR 1.21, 95% CI 0.98–1.50).
At 12-months, in-person counseling (OR 1.28 95% CI 1.10–1.50) and pharmacotherapy (OR 1.46, 95% CI
1.17–1.84) remained efficacious, although the decrement in efficacy was of similar magnitude across all in-
tervention categories.
Conclusions: Several categories of cessation interventions are promising for implementation in the LCS setting.

1. Introduction

The National Lung Screening Trial (NLST) and the NEderlands-

Leuvens Longkanker Screenings ONdersoek (NELSON) trial provided
evidence that lung cancer screening with low-dose computed tomo-
graphy (LCS) detected cancers earlier than when clinically
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symptomatic, and reduced lung cancer mortality by 20%–26% [1,2].
Professional groups, including the U.S. Preventive Services Task Force
(USPSTF) and the National Comprehensive Cancer Network (NCCN)
recommend LCS for individuals with a high risk of lung cancer based on
their age (55–80 and 55–74 years, for the USPSTF and NCCN, respec-
tively), a 30 pack-year smoking history, and other risk factors [3,4].

The potential benefits of screening may go beyond the early de-
tection of lung cancers. Screening may provide a “teachable moment”
for encouraging cessation from smoking for the estimated four million
current US smokers eligible for LCS, approximately half of all eligible
individuals [5,6]. Smoking cessation, in turn, reduces the risk of several
cancer types and cardiopulmonary disease. However, merely under-
going LCS does not influence smoking behaviors [7]. Consequently, the
Centers for Medicare and Medicaid Services (CMS) mandates that
smoking cessation assistance is provided to all current smokers under-
going LCS, but leaves decisions about the type of cessation interven-
tions up to clinicians and screening sites [8].

Presently, there are nine trials in progress in the US that will provide
valuable evidence on the efficacy of smoking cessation in the context of
LCS [9]. However, results are not expected until after 2021. While a
number of smoking interventions have been found to be effective in
general populations [10], there is a paucity of data on whether these
approaches will be effective in older, persistent, heavy smokers eligible
for LCS. Only a handful of randomized controlled trials have thus far
considered the efficacy of smoking cessation in the screening setting
[11–15]. Reviews have highlighted the lack of sufficient data needed to
make decisions regarding cessation in this setting concluding a need for
more data to identify optimal screening strategies for this population
[16,17].

Hence, clinicians and policy-makers now have a mandate to provide
cessation to smokers who present for LCS but have limited evidence on
the most effective interventions to offer [11–15,18]. To address this
lack of information while clinical trials are ongoing, we conducted a
systematic review and meta-analysis of recently published clinical trials
of smoking cessation that primarily included populations similar to
those eligible for LCS. We grouped trials into intervention categories
that reflect current clinical guidelines and practice, including elec-
tronic/web-based, in-person counseling, pharmacotherapy with drugs
currently approved by the Food and Drug Administration, and tele-
phone counseling [9,10,19,20]. The results of this analysis are intended
to inform current clinical practice at screening sites. As new studies are
conducted, the results of this analysis will also support the framework
for future research on the expected population effects, costs, and cost-
effectiveness of smoking cessation interventions in the LCS setting.

2. Methods

The review follows the guidelines set forth by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
(Appendix A1, Supplementary data) [21] and is registered with PRO-
SPERO: http://www.crd.york.ac.uk/PROSPERO/display_record.php?
ID=CRD42018110322.

2.1. Data sources and searches

Searches were conducted with the help of a health sciences research
librarian in PubMed, Medline (Ovid), and PsycINFO for articles pub-
lished from January 1, 2010, to December 31, 2017. This period was
selected to represent current cessation practice. General smoking ces-
sation search terms were used in conjunction with geographic specifi-
cations and clinical trial terms (Appendix B.1, Supplementary data).
The search terms were kept as inclusive as possible to identify all po-
tentially relevant studies. We also searched the bibliographies of se-
lected trials and reviews to identify any articles missed by the database
searches. Results of the search were exported into Microsoft Excel 2010
workbooks designed by a health sciences research librarian specifically

for screening article eligibility for systematic reviews [22].

2.2. Study selection

Eligibility criteria were determined a priori. To be eligible, rando-
mized controlled trials published in English tested the efficacy of one or
more of four categories of cigarette smoking cessation interventions on
7-day point prevalence at 6- or 12-months post-intervention, had
sample sizes> 100, were conducted in North America, Western
Europe, Australia or New Zealand, so as to reflect populations that
could be generalizable to the US; and published between January 1,
2010 to December 31, 2017. The intervention categories included:
electronic/web-based, in-person counseling, pharmacotherapy, and
telephone counseling. We selected these four categories based on clin-
ical guidelines, expert opinion, and comparability to current ongoing
trials in the screening setting [9,10,19]. Trials that tested multiple in-
terventions or combinations of interventions were deemed eligible for
inclusion. Importantly, trials had to include individuals between the
ages of 55 and 80 with no signs or symptoms of lung cancer and with
indications of heavy smoking (e.g., based on cigarettes per day, or pack-
year smoking history) [3,4,8]. We excluded studies that did not include
individuals over 55 (defined as mean age of < two standard deviations
below 55 in each study arm or trial-wide), or that focused on light
smokers (defined as mean cigarettes per day of< 10). Studies could
include individuals who were light smokers or below the age of 55. As
only a handful of trials reported pack-years, it was not feasible to screen
studies using that measure. We excluded trials that focused exclusively
on institutionalized populations such as prisoners, long-term care re-
sidents, and drug rehabilitation residents, individuals with known
cancer or severe COPD, or people with mental illness. Pharmacotherapy
interventions needed to use FDA approved drugs to be eligible (i.e.,
nicotine replacement therapy, bupropion, and varenicline) [20]. In-
terventions that tested a drug not currently approved by the FDA were
excluded, as these would not be available in current clinical practice.

Following the deletion of duplicate publications, all trial titles and
abstracts were reviewed to determine potential eligibility. If the ab-
stract lacked sufficient evidence to determine eligibility, it was included
in the full-text review. Three authors independently screened a sample
of papers to measure inter-rater reliability using Cohen's κ, where a
κ=0.8 indicates good inter-rater agreement. Disagreements between
reviewers regarding eligibility were resolved through discussion to
achieve consensus. The remaining titles and abstracts were screened
with each abstract screened separately by two authors. The results were
reconciled and the final list of studies for full-text review was identified.

The full-text of selected publications was then reviewed to de-
termine final eligibility and identify multiple reports from the same
trial. Where multiple reports of the same intervention were found, we
used the report with the greatest level of detail regarding the effects of
the intervention on smoking cessation at 6 and 12-months. Two re-
viewers conducted full-text review independently and any uncertainty
over inclusion was discussed and resolved among three authors.

2.3. Data abstraction and quality assessment

A data abstraction template was developed in Microsoft Excel 2010.
Two reviewers independently abstracted data; disagreements on data
elements were resolved by consensus. A random sample was re-ab-
stracted by a third author for quality control; any discrepancies were
resolved and the process updated as needed. Each intervention was
classified into a category (electronic/web-based, in-person counseling,
pharmacotherapy, or telephone counseling). When more than one in-
tervention was included, trials were classified based on their primary
focus. In these multimodal trials, primary focus was determined by the
trial report. For instance, Burns et al. conducted a two-arm trial in the
NY State Quitline where participants in the intervention arm were
randomized to receive 4 vs. 8 weeks of NRT. This study would be
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classified as a pharmacotherapy intervention as both the intervention
and control arms received the quitline care, but only the intervention
arm received NRT. As another example, Wetter et al. conducted a trial
where smokers received and initial group counseling session followed
by computer-based treatment vs. no further treatment. The intervention
arm in this trial would be considered a multimodality electronic/web-
based intervention as the control did not receive the computer-based
treatment. Where a primary intervention was not specified we selected
the intervention component that had to be fulfilled in order to receive
supplemental components. All supplemental intervention types were
noted. Trials with multiple intervention arms of the same generic type
were combined and compared to the study’s specified control arm [23].
When intervention arms were of different intervention types, they were
not combined.

Data were abstracted for the self-reported and biochemically ver-
ified number of individuals in each arm who were abstinent based on 7-
day point prevalence of cessation at 6 and 12-months and the total
number in the arm; all data abstraction was based on intention-to-treat.
We assumed that participants lost to follow-up were not successful in
smoking cessation. Additionally, we abstracted data on sample size,
retention rate, the proportion of eligible individuals who enrolled in the
trial, age, smoking history (cigarettes per day, years smoking, and pack-
years, if available), active vs. minimal/usual care control, motivation to
quit, whether or not conflicts of interest were reported by the authors,
and funding source. The response rate by intervention arm were not
abstracted.

We assessed the methodological quality of trials using an estab-
lished system [24,25]. Studies were given one point based on having
each of the following criteria: 1) a description of the methodology of
randomization; 2) randomization resulted in balanced groups; 3) a
description of the methods of masking participant allocation; 4) use of
double-blinding when feasible; 5) a description of the follow-up rates
and reasons for withdrawal; and 6) reported all study outcomes. Trials
could receive a total of six points. In this system, a score of two or less
was considered poor quality, and scores of three and above were
deemed of moderate to high quality [24]. The Society for Research on
Nicotine and Tobacco recommends that studies with a significant in-
person component use biochemical verification [26]. Therefore, studies
in the in-person counseling groups only received the point for reporting
outcomes if they presented biochemically verified results. Additionally,
as double-blinding is not always feasible in certain intervention types
(electronic/web-based, in-person counseling, or telephone counseling)
these interventions were scored out of five points, where two or more
points were deemed moderate to high quality [27]. Factors such as
response rate, or mode of recruitment were not considered as indicators
of study quality.

2.4. Data synthesis and analysis

The primary analysis was based on self-reported or biochemically
verified 7-day abstinence at 6-months in the intervention arm vs. the
control arm; 12-month outcomes were a secondary endpoint. When
available, biochemically verified cessation rates were used for analysis;
otherwise, cessation outcomes were self-reported.

We estimated potential publication bias using contour-enhanced
funnel plots where an asymmetric plot suggests the possibility that
studies with null intervention effects were less likely to be published
than those with significant results [28]. Funnel plot asymmetry was
assessed using a simple weighted linear regression proposed by Peters,
et al. rather than Egger’s test, since the latter does not perform well
when examining effects in large numbers of studies with moderate to
high heterogeneity [28]. A p-value p < 0.05 for Peters’ test is con-
sidered an indication of possible publication bias.

The DerSimonian and Laird random-effects method was used to
determine odds ratios and 95% confidence intervals for each inter-
vention category, where each study effect was weighted by its sample

size and variance [29,30]. The random-effects model, which recognizes
variance between and within studies, was employed because hetero-
geneity was expected based on differences in interventions and patient
populations. A measure of heterogeneity (I2) was also calculated. I2

values of 50%–75% and ≥75% indicate moderate and high hetero-
geneity, respectively. For one study, there was no event in the control
arm (i.e., no quitters). In this case, 0.5 was added to each cell (inter-
vention and control) to avoid infinite odds [31].

Sensitivity analyses tested the effects on pooled cessation estimates
at 6-months for intervention arms that included pharmacotherapy as a
supplemental intervention vs. not; single- vs. multi-modality interven-
tions, where the intervention arm included supplementary interven-
tions beyond the primary intervention type (including pharma-
cotherapy); if the study was able to enroll> 50% of eligible patients;
and active vs. minimal or no intervention controls. Additionally, we
analyzed the impact on effect sizes of omitting trials that were identi-
fied as being of poor quality, or were industry-sponsored, on outcomes
at 6-months. Finally, we compared the pooled statistics of biochemi-
cally-verified-only results with self-report-only results at both 6- and
12-months.

All analyses were conducted in STATA 14.0 (StataCorp. 2015.
College Station, TX.).

3. Results

Searches identified 3813 unique articles of potentially eligible trials.
The full screening process and reasons for exclusion are outlined in the
Preferred Reporting Item for Systematic Reviews and Meta-Analyses
(PRISMA) diagram (Fig. 1). Through abstract and title review, 332 ar-
ticles were identified as potentially eligible. Inter-rater reliability was
high between the three reviewers (Cohen's κ 0.72-0.84). Following the
full-text review, 85 trials were deemed eligible and data were ab-
stracted.

The 85 trials in the final analytic sample included 74 that reported
6-month outcomes for 93,827 participants; and 40 that reported 12-
month outcomes for 46,844 participants. The trials ranged in size from
103 to 16,430 participants and the majority were conducted in the US
(Table 1). We identified 26 publications that used electronic or web-
based intervention methods, 25 utilized in-person counseling, 25 uti-
lized pharmacotherapy agents, and 14 utilized telephone counseling.
Twenty-seven trials included more than one intervention arm; of these,
22 had intervention arms of similar types that were collapsed into one.
Five trials had intervention arms that were categorized into separate
primary intervention types (Table 1). Forty-five trials (52.9%) included
biochemically verified smoking cessation outcomes. Fourteen trials did
not report the number of eligible individuals who declined to partici-
pate, of those that did the majority (71.7%) enrolled> 50% of eligible
individuals. Results for studies with higher (50%+) vs. lower (< 50%)
participation were similar.

There were notable differences in the structure of interventions
within the four categories (Table 1). Pharmacotherapy interventions
included the use of nicotine replacement for a little as two weeks to up
to a year; and included various combinations of NRT and bupropion or
varenicline. In-person counseling interventions ranged from short
(15min) one-time counseling sessions to multiple hour-long individual
or group sessions. Both telephone and in-person counseling interven-
tions may have included culturally tailored interventions. Electronic/
web-based interventions included website based cessation programs,
texting interventions, and email reminders. The majority of trial in-
tervention arms (82.2%) were classified as multimodal interventions,
and 53.3% included active controls.

3.1. Study outcomes

All interventions showed increased odds of quitting smoking (vs
control) based on 7-day point prevalence of smoking abstinence at 6-
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months, but the telephone counseling effect did not reach statistical
significance (Fig. 2 and Table 2). We found pooled odds ratios and 95%
confidence intervals for electronic/web-based of 1.14 (1.03–1.25), in-
person counseling 1.46 (1.25–1.70), and pharmacotherapy 1.53
(1.33–1.77) and telephone counseling 1.21 (0.98–1.50).

At 12 months, overall efficacy was lower across all intervention
groups (Table 2 and Appendix B2, Supplementary data) and only
pharmacotherapy (OR 1.46 95% CI 1.17–1.84) and in-person coun-
seling (OR 1.28 95% CI 1.10–1.50) remained statistically significant.

3.2. Sensitivity analyses

An examination of the role of pharmacotherapy as a supplemental
intervention generally increased the odds of cessation, but results were
not consistently statistically significant since most interventions in-
cluded active controls (Table 2 and Appendix B.3.1, Supplementary
data). Multi-modality approaches had greater efficacy than single
modality approaches (Table 2 and Appendix B.3.2, Supplementary
data), although single-modality pharmacotherapy interventions were
more efficacious than other categories of multi-modality interventions;
likely due to the use of placebo controls among the single-modality
studies. Efficacy was higher for all intervention categories when com-
pared to a minimal or no intervention control vs. an active control arm
(Table 2 and Appendix B.3.3, Supplementary data).

Results for biochemically verified abstinence did not differ

appreciably from self-report at either 6- or 12-month outcomes
(Table 2). The removal of poor quality studies, those that were unable
to enroll> 50% of eligible participants, and of studies that reported a
conflict of interest had minimal impact on cessation outcomes at 6-
months (Table 2).

3.3. Quality and Bias assessment

Only nine of the 85 trials included were determined to be low
quality (Appendix B4, Supplementary data). The contour-enhanced
funnel plots suggest that there may be some publication bias for in-
person counseling and pharmacotherapy at 6- and 12-months
(Appendix B5, Supplementary data). Peters’ test only found significant
evidence of publication bias for the 6-month outcome of telephone
counseling (Appendix B6, Supplementary data) suggesting among this
group some trials may not have been published due to non-significant
results. However, the interpretation of these results must acknowledge
the difficulty of regression based measures of publication bias to ac-
count for between study heterogeneity [32].

4. Discussion

This meta-analysis is the only large synthesis of data on the efficacy
of multiple categories of current smoking cessation interventions with
populations similar to those eligible for LCS. We found that most classes

Fig. 1. Selection of Trials Published from 2010 to 2018 to Estimate the Efficacy of Smoking Cessation in Lung Screening-eligible Populations.
The PRISMA diagram depicts the flow of studies through the phases of the systematic review from study identification to data analysis. A priori reasons for exclusion
are presented at each stage.
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of smoking cessation interventions were effective in increasing ab-
stinence at 6 months among patients eligible for LCS. Among these, the
most efficacious were pharmacological interventions, followed by in-
person counseling and web-based approaches. Telephone counseling
did not reach statistical significance at the 95% level, although the
direction of the association is promising. This non-significant result
may, in part, be due to the smaller number of telephone counseling
studies (n= 9 at 6-months). Multimodal interventions appeared to be
more efficacious than a single modality. Finally, the odds of 6-month
cessation appear to persist to 12-months among pharmacotherapy and
in-person counseling interventions suggesting that LCS sites should
consider the implementation of these interventions.

Our study is unique in its focus on cessation in older age groups and
those with a heavier smoking history, making the results relevant to the
LCS setting. Our results are similar to those of preliminary reports of
studies in the field that suggest a range of smoking cessation inter-
ventions will be effective for individuals eligible for LCS [11–18]. The

results of four prior reviews of smoking cessation interventions for older
adults suggested, like our meta-analysis, that most currently re-
commended approaches to cessation might be effective among older
smokers [17,19,33,34]. However, three reviews did not pool study ef-
fectiveness. Two of these reviews considered only studies conducted in
the screening setting, but were limited by small numbers of observa-
tional and randomized controlled trials and a dearth of substantial high
quality data inappropriate for meta-analyzing [16,17]. We found small
effects, and our summary odds ratios had lower point estimates (but
overlapping confidence intervals) than previous meta-analyses of
smoking cessation in general populations [10,35–38]. In contrast to
studies in the general population, telephone counseling was not sta-
tistically significantly associated at the 95% level with cessation in our
sample of trials that included older and heavier smokers, although the
point estimate suggests a positive association and the number of trials
was the smallest among the intervention categories [10,36].

Our finding of lower intervention efficacy in LCS populations

Fig. 2. Odds of Smoking Cessation From Random-Effects Meta-Analysis of Trials with Smokers Potentially Eligible for Lung Screening Based on 7-day Point
Prevalence of Abstinence at 6-Months by Primary Intervention Type (n=74 Trials)*.
Forest plots display weighted odds ratios and 95% confidence intervals of included trials. Trial weights are generated from a random effects analysis. Squares around
point estimates indicate study weight relative to the lowest weighted study for each meta-analysis. The vertical dashed line represents the pooled odds ratio with the
diamond representing the 95% confidence interval.
* Some trials included more than one intervention of a differing generic type so that the sum of the sample of all intervention types is greater than the total number of
trials included.
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compared to use of the same interventions when applied in the general
populations could be due to a greater difficulty to quit among long-
term, heavy smokers compared to other smokers. Alternatively, our
estimates may be lower because we included trials with both active and
minimal care control groups, whereas the previous reviews compared
intervention groups to minimal intervention controls [10,35,36]. Our
sensitivity analysis removing studies with an active control resulted in
more comparable, albeit still lower point estimates of efficacy, across all
intervention categories [10,27,35,36].

Our findings show that multimodal interventions are likely to be
more efficacious than single-modality interventions, although the re-
sults were inconclusive due to smaller samples in sub-group analyses.
The greater efficacy in the single-modality pharmacotherapy arms is
likely due to the four studies in the single-modality sub-group being
placebo-controlled trials compared to predominantly active control
trials in the multi-modality group (Table 1). This will be an important
area for future investigation, since, if effective, single modality ap-
proaches are likely to be less costly than multi-faceted interventions.
Our results, like those of others [10,36], suggest that supplemental
pharmacotherapy will be beneficial as part of multi-modality ap-
proaches to improving the odds of cessation in the LCS setting. It is
encouraging that our results support cessation at 12-months among
pharmacotherapy and in-person counseling interventions. Since long-
term abstinence is necessary for the realization of screening benefits on
mortality, it will be critical to re-evaluate the long-term maintenance of
abstinence as new research studies become available. The ongoing NCI-
funded Smoking Cessation at Lung Examination (SCALE) Collaboration
trials were designed to address these gaps and the results are expected
after 2021 [9].

The results of our study must be considered in the current context of
LCS. To date, fewer than 5% of eligible individuals have presented for
lung cancer screening [39,40]. Individuals who present for LCS are
likely different from those who are eligible and not referred or those
who are referred, but do not attend. The characteristics of these in-
dividuals will likely impact their willingness to accept cessation and
their ultimate success in quitting smoking. We are unaware of research
that looks at the different characteristics of those who do and don’t
present for screening. However, it is possible that due to the healthy
adherer bias [41], individuals who present for lung cancer screening are
more likely to quit on their own. This would likely reduce the efficacy
of an intervention tested in this setting, as participants in both the

intervention and control arms would be more likely to quit on their
own. Additionally, studies examining smoking cessation in lung
screening trials found cessation to be associated with screen-detected
abnormalities which could further bias results towards the null [42]. It
is hoped that future research by the SCALE Trials will provide some
insight into these interactions. This meta-analysis has several strengths,
including the large pooled sample size, the rigor of the methods, quality
of included studies, and focus on trials that included smokers eligible
for LCS. There are also several limitations that should be noted in
considering our results. Our subgroup analysis by enrollment rate
suggests that the results of these studies are likely to be generalizable to
the target populations of the studies. However, none of the studies in
this meta-analysis solely included individuals eligible for LCS. All trials
included some individuals that were younger and with a lighter
smoking history than necessary to qualify for lung cancer screening,
potentially over-estimating effects that may be seen among smokers
eligible for LCS. The effects seen in cessation trials in the LCS setting
could also vary based on implementation difficulties, measurement
differences, or differences in settings and populations. More attention
should be focused on smoking cessation interventions for the LCS po-
pulation, given the opportunity that screening provides for bringing
smokers into cessation services and the mandate from the Centers for
Medicaid and Medicare Services to include cessation as part of effective
screening programs [8]. Second, the pooling of studies into generic
categories limits the ability to look more in depth at individual inter-
ventions or combinations of individual interventions, including the
types or intensity of counseling, pharmacotherapy, and electronic in-
terventions. Due to the limited number of studies in this setting, we
were unable to compare results by specific types of pharmacotherapy or
intervention intensity. Determining the most effective and feasible re-
gimens in LCS is an important priority for future research.

5. Conclusion

The results of our meta-analysis provide important information to
guide LCS sites, clinical practices, and health systems that are faced
with having to make decisions about integrating smoking cessation
interventions in their LCS practices ahead of definitive studies about
cessation specific to screening populations. We found that multiple
categories of cessation interventions are likely to be efficacious in a
population similar to those undergoing LCS, but that screening sites

Table 2
Odds of Smoking Cessation from Random-Effects Meta-Analysis of Trials with Smokers Potentially Eligible for Lung Screening Based on 7-day Point Prevalence of
Abstinence at 6-Months and 12-Months by Primary Intervention Type.

Electronic/Web-Based In-Person Counseling Pharmacotherapy Telephone Counseling

n OR (95% CI) I2 (%)* n OR (95% CI) I2 (%)* n OR (95% CI) I2 (%)* n OR (95% CI) I2 (%)*

Overall at 6-Months 25 1.14 (1.03-1.25) 57.2 20 1.46 (1.25-1.70) 24.7 25 1.53 (1.33-1.77) 73.7 9 1.21 (0.98-1.50) 74.4
Without Pharmacotherapy 17 1.13 (1.01-1.26) 53.7 3 1.16 (0.84-1.62) 0.0 NA NA NA 5 1.37 (1.02-1.85) 77.5
With Pharmacotherapy 8 1.13 (0.92-1.40) 60.3 17 1.54 (1.29-1.83) 30.3 NA NA NA 4 1.05 (0.89-1.24) 0.0
Single Modality 7 1.15 (0.97-1.35) 55.5 2 1.22 (0.83-1.78) 0.0 4 1.87 (1.47-2.39) 53.9 2 1.07 (0.84-1.37) 16.0
Multi-Modality 18 1.13 (1.00-1.28) 58.2 18 1.51 (1.27-1.79) 29.7 21 1.47 (1.26-1.71) 70.1 7 1.27 (0.98-1.65) 72.2
Minimal or No Intervention Control 13 1.19 (1.04-1.37) 43.1 8 1.57 (1.10-2.25) 54.2 8 1.80 (1.28-2.54) 84.8 6 1.38 (1.08-1.78) 69.6
Active Control 12 1.09 (0.95-1.26) 67.8 12 1.44 (1.23-1.69) 0.0 17 1.42 (1.24-1.62) 56.9 3 0.98 (0.78-1.23) 34.0
Biochemically Verified Results 7 1.31 (0.93-1.83) 65.6 16 1.44 (1.20-1.73) 31.4 19 1.55 (1.33-1.81) 69.0 2 1.52 (0.92-2.49) 89.6
Self-Reported Results 20 1.16 (1.05-1.29) 62.3 9 1.75 (1.40-2.17) 22.0 12 1.51 (1.23-1.86) 78.5 7 1.10 (0.94-1.30) 24.9
High Quality 22 1.11 (1.01-1.23) 57.8 16 1.44 (1.24-1.67) 0.0 24 1.53 (1.32-1.77) 74.6 8 1.22 (0.97-1.53) 77.4
Low Quality 3 1.56 (1.02-2.38) 34.3 4 1.68 (0.96-2.96) 72.0 1 1.66 (1.20-2.28) . † 1 1.13 (0.62-2.04) . †

No Conflict of Interest Reported 22 1.14 (1.02-1.28) 62.0 18 1.50 (1.27-1.78) 27.7 16 1.34 (1.19-1.51) 46.8 9 1.21 (0.98-1.50) 74.4
Conflict of Interest Reported 3 1.17 (1.04-1.32) 0.0 2 1.22 (0.82-1.82) 0.0 9 2.01 (1.46-2.77) 82.1 NA‡ NA‡ NA‡

Studies With >50% Enrollment 14 1.16 (1.02-1.31) 64.3 11 1.48 (1.19-1.84) 36.0 13 1.50 (1.25-1.80) 70.4 8 1.22 (0.97-1.53) 77.4
Studies With <50% Enrollment 4 1.35 (0.96-1.92) 58.3 5 1.35 (1.05-1.74) 0.0 8 1.43 (1.16-1.77) 58.7 1 1.13 (0.62-2.04) . †

Overall at 12-Months 8 1.02 (0.89-1.18) 36.1 15 1.28 (1.10-1.50) 14.1 11 1.46 (1.17-1.84) 67.3 10 1.08 (0.95-1.24) 33.4
Biochemically Verified Results 3 0.84 (0.60-1.67) 0.0 12 1.31 (1.10-1.56) 24.3 11 1.46 (1.17-1.84) 67.3 1 0.86 (0.59-1.25) . †

Self-Reported Results 5 1.06 (0.90-1.26) 54.6 5 1.32 (1.04-1.67) 0.0 1 1.32 (0.93-1.86) . † 10 1.08 (0.95-1.24) 34.1

*The I2 statistic is a measure of heterogeneity that describes the percentage of variation across studies not due to chance. †The I2 cannot be calculated for a single
intervention in a given group. ‡No telephone counseling interventions reported a conflict of interest.
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looking for the most efficacious intervention could consider pharma-
cotherapy or in-person counseling since electronic/web-based and tel-
ephone counseling interventions either has non-significant effects at 6
months and/or failed to show effects on cessation at 12-months. With a
wide range of possible effective interventions for screening sites to
choose from, implementation will depend on feasibility, scalability,
acceptability, cost, and specific characteristics of each environment and
patient population. Results from ongoing clinical trials are expected to
address several dimensions of implementation, efficacy, and cost [9].
Until then, our results provide a useful framework for estimating the
impact of different models of care for the integration of smoking ces-
sation into the LCS setting.

Acknowledgements

This research was funded by the National Institutes of Health at the
National Cancer Institute Grants U01CA199284, U01CA199218, and
R01CA207228. The content of this article reflects the views of the au-
thors. The funders had no role in the design of the study; the collection,
analysis, and interpretation of the data; the writing of the manuscript;
and the decision to submit the manuscript for publication.

We would like to acknowledge the Smoking Cessation in Lung
Examination (SCALE) Collaboration for their input and support for this
work. We would also like to acknowledge the work of research librarian
Helena VonVille who assisted in the development and conduct of the
literature search, and shared invaluable article screening templates.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at https://doi.org/10.1016/j.lungcan.2019.06.024.

References

[1] D.R. Aberle, A.M. Adams, C.D. Berg, W.C. Black, J.D. Clapp, R.M. Fagerstrom,
et al., Reduced lung-cancer mortality with low-dose computed tomographic
screening, N. Engl. J. Med. 365 (5) (2011) 395–409.

[2] H.J. De Koning, C.M. Van der Aalst, K. ten Haaf, M. Oudkerk, Effects of Volume CT
Lung Cancer Screening: Mortality Results of the NELSON Randomised-Controlled
Population Based Trial. IASLC WCLC 2018. Toronto, (2018).

[3] U.S. Preventive Services Task Force, Final Recommendation Statement: Lung
Cancer: Screening, (2014) October http://www.uspreventiveservicestaskforce.
org/Page/Document/RecommendationStatementFinal/lung-cancer-screening
Accessed December 18, 2017.

[4] National Comprehensive Cancer Network, NCCN Guidelines for Patients: Lung
Cancer Screening, (2017) Accessed December 18, 2017 https://www.nccn.org/
patients/guidelines/lung_screening/files/assets/basic-html/page-1.html.

[5] K.L. Taylor, L.S. Cox, N. Zincke, L. Mehta, C. McGuire, E. Gelmann, Lung cancer
screening as a teachable moment for smoking cessation, Lung Cancer 56 (1)
(2007) 125–134.

[6] J. Ma, E.M. Ward, R. Smith, A. Jemal, Annual number of lung cancer deaths po-
tentially avertable by screening in the United States, Cancer 119 (7) (2013)
1381–1385.

[7] C.G. Slatore, C. Baumann, M. Pappas, L.L. Humphrey, Smoking behaviors among
patients receiving computed tomography for lung cancer screening. Systematic
review in support of the U.S. preventive services task force, Ann. Am. Thorac. Soc.
11 (4) (2014) 619–627.

[8] Centers for Medicare & Medicaid Services (CMS), Decision Memo for Screening for
Lung Cancer with Low Dose Computed Tomography (LDCT) (CAG-00439N),
(2015) Accessed on December 18, 2017 http://www.cms.gov/medicare-coverage-
database/details/nca-decision-memo.aspx?NCAId=274.

[9] A.M. Joseph, A.J. Rothman, D. Almirall, A. Begnaud, C. Chiles, P.M. Cinciripini,
et al., Lung Cancer screening and smoking cessation clinical trials: SCALE colla-
boration, Am. J. Respir. Crit. Care Med. 197 (2) (2018) 172–182.

[10] M.C. Fiore, C.R. Jaen, T.B. Baker, W.C. Bailey, N.L. Benowitz, S.J. Curry, et al.,
Treating Tobacco Use and Dependence: 2008 Update. Clinical Practice Guideline,
U.S. Department of Health and Human Services, Public Health Service, Rockville,
MD, 2008 Accessed December 18, 2017 https://www.ahrq.gov/sites/default/
files/wysiwyg/professionals/clinicians-providers/guidelines-recommendations/
tobacco/clinicians/update/treating_tobacco_use08.pdf.

[11] K.L. Taylor, C.J. Hagerman, G. Luta, P.G. Bellini, C. Stanton, D.B. Abrams, et al.,
Preliminary evaluation of a telephone-based smoking cessation intervention in the
lung cancer screening setting: a randomized clinical trial, Lung Cancer 108 (2017)
242–246.

[12] M.M. Clark, L.S. Cox, J.R. Jett, C.A. Patten, D.R. Schroeder, L.M. Nirelli, et al.,

Effectiveness of smoking cessation self-help materials in a lung cancer screening
population, Lung Cancer 44 (1) (2004) 13–21.

[13] A.K. Ferketich, G.A. Otterson, M. King, N. Hall, K.K. Browning, M.E. Wewers, A
pilot test of a combined tobacco dependence treatment and lung cancer screening
program, Lung Cancer 76 (2) (2012) 211–215.

[14] C.M. van der Aalst, H.J. de Koning, K.A. van den Bergh, M.C. Willemsen, R.J. van
Klaveren, The effectiveness of a computer-tailored smoking cessation intervention
for participants in lung cancer screening: a randomised controlled trial, Lung
Cancer 76 (2) (2012) 204–210.

[15] H.M. Marshall, D.A. Courtney, L.H. Passmore, E.M. McCaul, I.A. Yang,
R.V. Bowman, et al., Brief tailored smoking cessation counseling in a lung cancer
screening population is feasible: a pilot randomized controlled trial, Nicotine Tob.
Res. 18 (7) (2016) 1665–1669.

[16] J.M. Iaccarino, C. Duran, C.G. Slatore, R.S. Wiener, H. Kathuria, Combining
smoking cessation interventions with LDCT lung cancer screening: a systematic
review, Prev. Med. 121 (2019) 24–32.

[17] B. Pineiro, V.N. Simmons, A.M. Palmer, J.B. Correa, T.H. Brandon, Smoking ces-
sation interventions within the context of low-dose computed tomography lung
cancer screening: a systematic review, Lung Cancer. 98 (2016) 91–98.

[18] M. Bade, V. Bahr, U. Brandt, A. Eigentopf, T. Bruchert, M.L. Gross, et al., Effect of
smoking cessation counseling within a randomised study on early detection of
lung cancer in Germany, J. Cancer Res. Clin. Oncol. 142 (5) (2016) 959–968.

[19] P.G. Shields, R.S. Herbst, D. Arenberg, N.L. Benowitz, L. Bierut, J.B. Luckart, et al.,
Smoking cessation, version 1.2016, NCCN clinical practice guidelines in oncology,
J. Compr. Canc. Netw. 14 (11) (2016) 1430–1468.

[20] National Institute for Health and Clinical Excellence, Smoking Cessation Services
in Primary Care, Pharmacies, Local Authorities and Workplaces, Particularly for
Manual Working Groups, Pregnant Women and Hard to Reach Communities. NICE
Public Health Guidance 10, ed. National Institute for Health and Clinical
Excellence, London, 2008.

[21] D. Moher, A. Liberati, J. Tetzlaff, D.G. Altman, Preferred reporting items for sys-
tematic reviews and meta-analyses: the PRISMA statement, Ann. Intern. Med. 151
(4) (2009) 264–269 w64.

[22] H.M. VonVille, Excel Workbooks for Systematic Reviews, (2019) http://libguides.
sph.uth.tmc.edu/excel_workbook_home.

[23] G. Rucker, C.J. Cates, G. Schwarzer, Methods for including information from
multi-arm trials in pairwise meta-analysis, Res. Synth. Methods 8 (4) (2017)
392–403.

[24] A.R. Jadad, R.A. Moore, D. Carroll, C. Jenkinson, D.J. Reynolds, D.J. Gavaghan,
et al., Assessing the quality of reports of randomized clinical trials: is blinding
necessary? Control. Clin. Trials 17 (1) (1996) 1–12.

[25] Cochrane Handbook for Systematic Reviews of Interventions. Version 5.1.0 ed:
The Cochrane Collaboration, (2011).

[26] Biochemical verification of tobacco use and cessation, Nicotine Tob. Res. 4 (2)
(2002) 149–159.

[27] S.K. Myung, D.D. McDonnell, G. Kazinets, H.G. Seo, J.M. Moskowitz, Effects of
Web- and computer-based smoking cessation programs: meta-analysis of rando-
mized controlled trials, Arch. Intern. Med. 169 (10) (2009) 929–937.

[28] J.L. Peters, A.J. Sutton, D.R. Jones, K.R. Abrams, L. Rushton, Contour-enhanced
meta-analysis funnel plots help distinguish publication bias from other causes of
asymmetry, J. Clin. Epidemiol. 61 (10) (2008) 991–996.

[29] R. DerSimonian, R. Kacker, Random-effects model for meta-analysis of clinical
trials: an update, Contemp. Clin. Trials 28 (2) (2007) 105–114.

[30] R. DerSimonian, N. Laird, Meta-analysis in clinical trials, Control. Clin. Trials 7 (3)
(1986) 177–188.

[31] D. Catley, K. Goggin, K.J. Harris, K.P. Richter, K. Williams, C. Patten, et al., A
randomized trial of motivational interviewing: cessation induction among smokers
with low desire to quit, Am. J. Prev. Med. 50 (5) (2016) 573–583.

[32] J.L. Peters, A.J. Sutton, D.R. Jones, K.R. Abrams, L. Rushton, S.G. Moreno,
Assessing publication bias in meta-analyses in the presence of between-study
heterogeneity, J. R. Stat. Soc. Ser. A Stat. Soc. 173 (3) (2010) 575–591.

[33] D. Chen, L.T. Wu, Smoking cessation interventions for adults aged 50 or older: a
systematic review and meta-analysis, Drug Alcohol Depend. 154 (2015) 14–24.

[34] S.M. Zbikowski, B. Magnusson, J.R. Pockey, H.A. Tindle, K.E. Weaver, A review of
smoking cessation interventions for smokers aged 50 and older, Maturitas 71 (2)
(2012) 131–141.

[35] T. Lancaster, L.F. Stead, Individual behavioural counselling for smoking cessation,
Cochrane Database Syst. Rev. (3) (2017).

[36] L.F. Stead, J. Hartmann-Boyce, R. Perera, T. Lancaster, Telephone counselling for
smoking cessation, Cochrane Database Syst. Rev. (8) (2013) Cd002850.

[37] K. Cahill, S. Stevens, R. Perera, T. Lancaster, Pharmacological interventions for
smoking cessation: an overview and network meta-analysis, Cochrane Database
Syst. Rev. (5) (2013) Cd009329.

[38] M.J. Eisenberg, K.B. Filion, D. Yavin, P. Bélisle, S. Mottillo, L. Joseph, et al.,
Pharmacotherapies for smoking cessation: a meta-analysis of randomized con-
trolled trials, Cmaj. 179 (2) (2008) 135–144.

[39] P. Charkhchi, G.E. Kolenic, R.C. Carlos, Access to lung Cancer screening services:
preliminary analysis of geographic service distribution using the ACR lung Cancer
Screening registry, J. Am. Coll. Radiol. 14 (11) (2017) 1388–1395.

[40] J. Huo, Y.R. Hong, J. Bian, Y. Guo, D.J. Wilkie, A.G. Mainous 3rd, Low rates of
patient-reported physician-patient discussion about lung cancer screening among
current smokers: data from health information national trends survey, Cancer
Epidemiol. Biomarkers Prev. 28 (5) (2019) 963–973.

[41] K. Ladova, J. Vlcek, M. Vytrisalova, J. Maly, Healthy adherer effect - the pitfall in
the interpretation of the effect of medication adherence on health outcomes, J.
Eval. Clin. Pract. 20 (2) (2014) 111–116.

C.J. Cadham, et al. Lung Cancer 135 (2019) 205–216

214

https://doi.org/10.1016/j.lungcan.2019.06.024
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0005
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0005
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0005
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0010
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0010
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0010
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/lung-cancer-screening
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/lung-cancer-screening
https://www.nccn.org/patients/guidelines/lung_screening/files/assets/basic-html/page-1.html
https://www.nccn.org/patients/guidelines/lung_screening/files/assets/basic-html/page-1.html
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0025
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0025
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0025
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0030
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0030
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0030
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0035
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0035
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0035
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0035
http://www.cms.gov/medicare-coverage-database/details/nca-decision-memo.aspx?NCAId=274
http://www.cms.gov/medicare-coverage-database/details/nca-decision-memo.aspx?NCAId=274
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0045
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0045
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0045
https://www.ahrq.gov/sites/default/files/wysiwyg/professionals/clinicians-providers/guidelines-recommendations/tobacco/clinicians/update/treating_tobacco_use08.pdf
https://www.ahrq.gov/sites/default/files/wysiwyg/professionals/clinicians-providers/guidelines-recommendations/tobacco/clinicians/update/treating_tobacco_use08.pdf
https://www.ahrq.gov/sites/default/files/wysiwyg/professionals/clinicians-providers/guidelines-recommendations/tobacco/clinicians/update/treating_tobacco_use08.pdf
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0055
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0055
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0055
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0055
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0060
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0060
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0060
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0065
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0065
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0065
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0070
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0070
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0070
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0070
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0075
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0075
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0075
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0075
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0080
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0080
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0080
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0085
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0085
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0085
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0090
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0090
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0090
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0095
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0095
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0095
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0100
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0100
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0100
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0100
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0100
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0105
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0105
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0105
http://libguides.sph.uth.tmc.edu/excel_workbook_home
http://libguides.sph.uth.tmc.edu/excel_workbook_home
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0115
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0115
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0115
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0120
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0120
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0120
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0125
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0125
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0130
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0130
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0135
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0135
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0135
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0140
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0140
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0140
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0145
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0145
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0150
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0150
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0155
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0155
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0155
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0160
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0160
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0160
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0165
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0165
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0170
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0170
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0170
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0175
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0175
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0180
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0180
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0185
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0185
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0185
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0190
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0190
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0190
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0195
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0195
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0195
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0200
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0200
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0200
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0200
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0205
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0205
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0205


[42] M.C. Tammemagi, C.D. Berg, T.L. Riley, C.R. Cunningham, K.L. Taylor, Impact of
lung cancer screening results on smoking cessation, J. Natl. Cancer Inst. 106 (6)
(2014) dju084.

[43] L.C. Abroms, A.L. Boal, S.J. Simmens, J.A. Mendel, R.A. Windsor, A randomized
trial of Text2Quit: a text messaging program for smoking cessation, Am. J. Prev.
Med. 47 (3) (2014) 242–250.

[44] B.C. Bock, K.S. Hudmon, J. Christian, A.L. Graham, F.R. Bock, A tailored inter-
vention to support pharmacy-based counseling for smoking cessation, Nicotine
Tob. Res. 12 (3) (2010) 217–225.

[45] C. Bolman, S.M. Eggers, L. van Osch, F. Te Poel, M. Candel, H. de Vries, Is action
planning helpful for smoking cessation? Assessing the effects of action planning in
a web-based computer-tailored intervention, Subst. Use Misuse 50 (10) (2015)
1249–1260.

[46] R. Borland, J. Balmford, P. Benda, Population-level effects of automated smoking
cessation help programs: a randomized controlled trial, Addiction 108 (3) (2013)
618–628.

[47] J.B. Bricker, K.E. Mull, J.B. McClure, N.L. Watson, J.L. Heffner, Improving Quit
Rates of Web-delivered Interventions for Smoking Cessation: Full-scale
Randomized Trial of WebQuit.oRg Versus Smokefree.gOv. Addiction (Abingdon,
England), (2017).

[48] J. Brown, S. Michie, A.W.A. Geraghty, L. Yardley, B. Gardner, L. Shahab, et al.,
Internet-based intervention for smoking cessation (StopAdvisor) in people with
low and high socioeconomic status: a randomised controlled trial, Lancet Respir.
Med. 2 (12) (2014) 997–1006.

[49] P.S. Calhoun, S. Datta, M. Olsen, V.A. Smith, S.D. Moore, L.P. Hair, et al.,
Comparative effectiveness of an internet-based smoking cessation intervention
versus clinic-based specialty care for veterans, J. Subst. Abuse Treat. 69 (2016)
19–27.

[50] S.H. Choi, A.H. Waltje, D.L. Ronis, D. Noonan, O. Hong, C.R. Richardson, et al.,
Web-enhanced tobacco tactics with telephone support versus 1-800-QUIT-NOW
telephone line intervention for operating engineers: randomized controlled trial, J.
Med. Internet Res. 16 (11) (2014) e255.

[51] R. Cobos-Campos, A. Apinaniz Fernandez de Larrinoa, A. Saez de Lafuente
Morinigo, N. Parraza Diez, F. Aizpuru Barandiaran, Effectiveness of text messaging
as an adjuvant to health advice in smoking cessation programs in primary care. A
randomized clinical trial, Nicotine Tobacco Res. 19 (8) (2017) 901–907.

[52] C. Free, R. Knight, S. Robertson, R. Whittaker, P. Edwards, W. Zhou, et al.,
Smoking cessation support delivered via mobile phone text messaging (txt2stop): a
single-blind, randomised trial, Lancet 378 (9785) (2011) 49–55.

[53] H.M. Gilbert, B. Leurent, S. Sutton, C. Alexis-Garsee, R.W. Morris, I. Nazareth,
ESCAPE: a randomised controlled trial of computer-tailored smoking cessation
advice in primary care, Addiction 108 (4) (2013) 811–819.

[54] T.K. Houston, K.L. Delaughter, M.N. Ray, G.H. Gilbert, J.J. Allison, C.I. Kiefe,
et al., Cluster-randomized trial of a web-assisted tobacco quality improvement
intervention of subsequent patient tobacco product use: a National Dental PBRN
study, BMC Oral Health 13 (2013) 13.

[55] T.K. Houston, R.S. Sadasivam, J.J. Allison, A.S. Ash, M.N. Ray, T.M. English, et al.,
Evaluating the QUIT-PRIMO clinical practice ePortal to increase smoker engage-
ment with online cessation interventions: a national hybrid type 2 implementation
study, Implement. Sci. 10 (2015) 154.

[56] Y. Leykin, A. Aguilera, L.D. Torres, E.J. Perez-Stable, R.F. Munoz, Interpreting the
outcomes of automated internet-based randomized trials: example of an
International Smoking Cessation Study, J. Med. Internet Res. 14 (1) (2012) e5.

[57] J. Loughead, M. Falcone, E.P. Wileyto, B. Albelda, J. Audrain-McGovern, W. Cao,
et al., Can brain games help smokers quit?: results of a randomized clinical trial,
Drug Alcohol Depend. 168 (2016) 112–118.

[58] D. Mason, H. Gilbert, S. Sutton, Effectiveness of web-based tailored smoking
cessation advice reports (iQuit): a randomized trial, Addiction 107 (12) (2012)
2183–2190.

[59] J.M. Moskowitz, D.D. McDonnell, G. Kazinets, H. Lee, Online smoking cessation
program for Korean Americans: randomized trial to test effects of incentives for
program completion and interim surveys, Prevent. Med.: Int. J. Devoted Pract.
Theory 86 (2016) 70–76.

[60] L.R. Reitzel, J.B. McClure, L. Cofta-Woerpel, C.A. Mazas, Y. Cao, P.M. Cinciripini,
et al., The efficacy of computer-delivered treatment for smoking cessation, Cancer
Epidemiol. Biomarkers Prev. 20 (7) (2011) 1555–1557.

[61] K.P. Richter, T.I. Shireman, E.F. Ellerbeck, A.P. Cupertino, D. Catley, L.S. Cox,
et al., Comparative and cost effectiveness of telemedicine versus telephone
counseling for smoking cessation, J. Med. Internet Res. 17 (5) (2015) e113.

[62] F.C. Sherratt, M.W. Marcus, J. Robinson, J.K. Field, Utilizing lung Cancer risk
prediction models to promote smoking cessation: two randomized controlled
trials, Am. J. Health Promot. (2016).

[63] E.S. Smit, H. de Vries, C. Hoving, Effectiveness of a Web-based multiple tailored
smoking cessation program: a randomized controlled trial among Dutch adult
smokers, J. Med. Internet Res. 14 (3) (2012) e82.

[64] N.E. Stanczyk, H. de Vries, Candel MJJM, J.W.M. Muris, C.A.W. Bolman,
Effectiveness of video- versus text-based computer-tailored smoking cessation in-
terventions among smokers after one year, Prev. Med. 82 (2016) 42–50.

[65] J.L. Westmaas, J. Bontemps-Jones, P.S. Hendricks, J. Kim, L.C. Abroms,
Randomised controlled trial of stand-alone tailored emails for smoking cessation,
Tob. Control 27 (2) (2018) 136–146.

[66] D.W. Wetter, J.B. McClure, L. Cofta-Woerpel, T.J. Costello, L.R. Reitzel,
M.S. Businelle, et al., A randomized clinical trial of a palmtop computer-delivered
treatment for smoking relapse prevention among women, Psychol. Addict. Behav.
25 (2) (2011) 365–371.

[67] J.O. Andrews, M. Mueller, M. Dooley, S.D. Newman, G.S. Magwood, M.S. Tingen,

Effect of a smoking cessation intervention for women in subsidized neighbor-
hoods: a randomized controlled trial, Prev. Med. 90 (2016) 170–176.

[68] B.C. Bock, G.D. Papandonatos, M.A. de Dios, D.B. Abrams, M.M. Azam, M. Fagan,
et al., Tobacco cessation among low-income smokers: motivational enhancement
and nicotine patch treatment, Nicotine Tob. Res. 16 (4) (2014) 413–422.

[69] D.R. Brooks, J.L. Burtner, B. Borrelli, T.C. Heeren, T. Evans, J.A. Davine, et al.,
Twelve-month outcomes of a group-randomized community health advocate-led
smoking cessation intervention in public housing, Nicotine Tob. Res. 20 (12)
(2018) 1434–1441.

[70] D. Catley, K. Goggin, K.J. Harris, K.P. Richter, K. Williams, C. Patten, et al., A
randomized trial of motivational interviewing: cessation induction among smokers
with low desire to quit, Am. J. Prev. Med. 50 (5) (2016) 573–583.

[71] W.S. Choi, L.A. Beebe, N. Nazir, B. Kaur, M. Hopkins, M. Talawyma, et al., All
nations breath of life: a randomized trial of smoking cessation for American
Indians, Am. J. Prev. Med. 51 (5) (2016) 743–751.

[72] J.M. Davis, A.R. Manley, S.B. Goldberg, S.S. Smith, D.E. Jorenby, Randomized trial
comparing mindfulness training for smokers to a matched control, J. Subst. Abuse
Treat. 47 (3) (2014) 213–221.

[73] A.J. Garvey, D. Kalman, R.A. Hoskinson Jr., T. Kinnunen, B.M. Wadler,
C.C. Thomson, et al., Front-loaded versus weekly counseling for treatment of to-
bacco addiction, Nicotine Tob. Res. 14 (5) (2012) 578–585.

[74] E.V. Gifford, B.S. Kohlenberg, S.C. Hayes, H.M. Pierson, M.P. Piasecki,
D.O. Antonuccio, et al., Does acceptance and relationship focused behavior
therapy contribute to bupropion outcomes? A randomized controlled trial of
functional analytic psychotherapy and acceptance and commitment therapy for
smoking cessation, Behav. Ther. 42 (4) (2011) 700–715.

[75] S.S. Kim, S.-H. Kim, H. Fang, S. Kwon, D. Shelley, D. Ziedonis, A culturally adapted
smoking cessation intervention for Korean Americans: a mediating effect of per-
ceived family norm toward quitting, J. Immigr. Minor. Health 17 (4) (2015)
1120–1129.

[76] J.R. Laude, S.R. Bailey, E. Crew, A. Varady, A. Lembke, D. McFall, et al., Extended
treatment for cigarette smoking cessation: a randomized control trial, Addiction.
112 (8) (2017) 1451–1459.

[77] K.S. Okuyemi, K. Goldade, G.-L. Whembolua, J.L. Thomas, S. Eischen, B. Sewali,
et al., Motivational interviewing to enhance nicotine patch treatment for smoking
cessation among homeless smokers: a randomized controlled trial, Addiction 108
(6) (2013) 1136–1144.

[78] I. Pesis-Katz, G.C. Williams, C.P. Niemiec, K. Fiscella, Cost-effectiveness of in-
tensive tobacco dependence intervention based on self-determination theory, Am.
J. Manag. Care 17 (10) (2011) e393–8.

[79] M. Ramos, J. Ripoll, T. Estrades, I. Socias, A. Fe, R. Duro, et al., Effectiveness of
intensive group and individual interventions for smoking cessation in primary
health care settings: a randomized trial, BMC Public Health 10 (2010) 89.

[80] C.E. Sheffer, W.K. Bickel, C.T. Franck, L. Panissidi, J.C. Pittman, H. Stayna, et al.,
Improving tobacco dependence treatment outcomes for smokers of lower socio-
economic status: a randomized clinical trial, Drug Alcohol Depend. 181 (2017)
177–185.

[81] S.S. Smith, L.M. Rouse, M. Caskey, J. Fossum, R. Strickland, J.K. Culhane, et al.,
Culturally-tailored smoking cessation for adult American Indian smokers: a clin-
ical trial, Couns. Psychol. 42 (6) (2014) 852–886.

[82] J.I. Vidrine, C.A. Spears, W.L. Heppner, L.R. Reitzel, M.T. Marcus, P.M. Cinciripini,
et al., Efficacy of mindfulness-based addiction treatment (MBAT) for smoking
cessation and lapse recovery: a randomized clinical trial, J. Consult. Clin. Psychol.
84 (9) (2016) 824–838.

[83] M.S. Webb, D.R. de Ybarra, E.A. Baker, I.M. Reis, M.P. Carey, Cognitive-behavioral
therapy to promote smoking cessation among African American smokers: a ran-
domized clinical trial, J. Consult. Clin. Psychol. 78 (1) (2010) 24–33.

[84] M.E. Wewers, A. Shoben, S. Conroy, E. Curry, A.K. Ferketich, D.M. Murray, et al.,
Effectiveness of two community health worker models of tobacco dependence
treatment among community residents of Ohio Appalachia, Nicotine Tob. Res. 19
(12) (2017) 1499–1507.

[85] J.A. Whiteley, D.M. Williams, S. Dunsiger, E.G. Jennings, J.T. Ciccolo, B.C. Bock,
et al., YMCA commit to quit: randomized trial outcomes, Am. J. Prev. Med. 43 (3)
(2012) 256–262.

[86] G.C. Williams, C.P. Niemiec, H. Patrick, R.M. Ryan, E.L. Deci, Outcomes of the
Smoker’s Health Project: a pragmatic comparative effectiveness trial of tobacco-
dependence interventions based on self-determination theory, Health Educ. Res.
31 (6) (2016) 749–759.

[87] R.M. Anthenelli, N.L. Benowitz, R. West, L. St Aubin, T. McRae, D. Lawrence,
et al., Neuropsychiatric safety and efficacy of varenicline, bupropion, and nicotine
patch in smokers with and without psychiatric disorders (EAGLES): a double-
blind, randomised, placebo-controlled clinical trial, Lancet 387 (10037) (2016)
2507–2520.

[88] T.B. Baker, M.E. Piper, J.H. Stein, S.S. Smith, D.M. Bolt, D.L. Fraser, et al., Effects
of nicotine patch vs varenicline vs combination nicotine replacement therapy on
smoking cessation at 26 weeks: a randomized clinical trial, JAMA 315 (4) (2016)
371–379.

[89] C. Bullen, C. Howe, R.-B. Lin, M. Grigg, M. Laugesen, H. McRobbie, et al., Pre-
cessation nicotine replacement therapy: pragmatic randomized trial, Addiction
105 (8) (2010) 1474–1483.

[90] E.K. Burns, N.E. Hood, E. Goforth, A.H. Levinson, Randomised trial of two nicotine
patch protocols distributed through a state quitline, Tob. Control 25 (2) (2016)
218–223.

[91] B.O. Caldwell, J. Crane, Combination nicotine metered dose inhaler and nicotine
patch for smoking cessation: a randomized controlled trial, Nicotine Tob. Res. 18
(10) (2016) 1944–1951.

C.J. Cadham, et al. Lung Cancer 135 (2019) 205–216

215

http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0210
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0210
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0210
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0215
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0215
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0215
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0220
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0220
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0220
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0225
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0225
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0225
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0225
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0230
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0230
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0230
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0235
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0235
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0235
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0235
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0240
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0240
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0240
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0240
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0245
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0245
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0245
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0245
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0250
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0250
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0250
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0250
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0255
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0255
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0255
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0255
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0260
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0260
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0260
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0265
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0265
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0265
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0270
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0270
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0270
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0270
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0275
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0275
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0275
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0275
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0280
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0280
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0280
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0285
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0285
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0285
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0290
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0290
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0290
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0295
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0295
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0295
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0295
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0300
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0300
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0300
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0305
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0305
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0305
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0310
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0310
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0310
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0315
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0315
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0315
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0320
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0320
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0320
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0325
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0325
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0325
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0330
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0330
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0330
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0330
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0335
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0335
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0335
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0340
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0340
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0340
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0345
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0345
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0345
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0345
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0350
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0350
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0350
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0355
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0355
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0355
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0360
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0360
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0360
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0365
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0365
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0365
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0370
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0370
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0370
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0370
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0370
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0375
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0375
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0375
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0375
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0380
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0380
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0380
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0385
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0385
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0385
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0385
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0390
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0390
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0390
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0395
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0395
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0395
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0400
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0400
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0400
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0400
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0405
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0405
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0405
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0410
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0410
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0410
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0410
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0415
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0415
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0415
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0420
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0420
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0420
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0420
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0425
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0425
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0425
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0430
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0430
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0430
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0430
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0435
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0435
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0435
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0435
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0435
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0440
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0440
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0440
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0440
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0445
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0445
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0445
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0450
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0450
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0450
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0455
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0455
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0455


[92] B.O. Caldwell, S.J. Adamson, J. Crane, Combination rapid-acting nicotine mouth
spray and nicotine patch therapy in smoking cessation, Nicotine Tob. Res. 16 (10)
(2014) 1356–1364.

[93] M.J. Carpenter, J.R. Hughes, K.M. Gray, A.E. Wahlquist, M.E. Saladin, A.J. Alberg,
Nicotine therapy sampling to induce quit attempts among smokers unmotivated to
quit: a randomized clinical trial, Arch. Intern. Med. 171 (21) (2011) 1901–1907.

[94] P.M. Cinciripini, J.D. Robinson, M. Karam-Hage, J.A. Minnix, C. Lam, F. Versace,
et al., Effects of varenicline and bupropion sustained-release use plus intensive
smoking cessation counseling on prolonged abstinence from smoking and on de-
pression, negative affect, and other symptoms of nicotine withdrawal, JAMA
Psychiatry 70 (5) (2013) 522–533.

[95] K.M. Cummings, A. Hyland, S. Carlin-Menter, M.C. Mahoney, J. Willett,
H.R. Juster, Costs of giving out free nicotine patches through a telephone quit line,
J. Public Health Manag. Pract. 17 (3) (2011) E16–23.

[96] J.O. Ebbert, D.K. Hatsukami, I.T. Croghan, D.R. Schroeder, S.S. Allen, J.T. Hays,
et al., Combination varenicline and bupropion SR for tobacco-dependence treat-
ment in cigarette smokers: a randomized trial, JAMA 311 (2) (2014) 155–163.

[97] D. Gonzales, P. Hajek, L. Pliamm, K. Nackaerts, L.J. Tseng, T.D. McRae, et al.,
Retreatment with varenicline for smoking cessation in smokers who have pre-
viously taken varenicline: a randomized, placebo-controlled trial, Clin. Pharmacol.
Ther. 96 (3) (2014) 390–396.

[98] J.R. Hughes, S.I. Rennard, J.R. Fingar, S.K. Talbot, P.W. Callas, K.O. Fagerstrom,
Efficacy of varenicline to prompt quit attempts in smokers not currently trying to
quit: a randomized placebo-controlled trial, Nicotine Tob. Res. 13 (10) (2011)
955–964.

[99] C. Lerman, R.A. Schnoll, L.W. Hawk Jr., P. Cinciripini, T.P. George, E.P. Wileyto,
et al., Use of the nicotine metabolite ratio as a genetically informed biomarker of
response to nicotine patch or varenicline for smoking cessation: a randomised,
double-blind placebo-controlled trial, Lancet Respir. Med. 3 (2) (2015) 131–138.

[100] J.M. Ramon, S. Morchon, A. Baena, C. Masuet-Aumatell, Combining varenicline
and nicotine patches: a randomized controlled trial study in smoking cessation,
BMC Med. 12 (2014) 172.

[101] S. Rennard, J. Hughes, P.M. Cinciripini, E. Kralikova, T. Raupach, C. Arteaga,
et al., A randomized placebo-controlled trial of varenicline for smoking cessation
allowing flexible quit dates, Nicotine Tob. Res. 14 (3) (2012) 343–350.

[102] J.E. Rose, F.M. Behm, Adapting smoking cessation treatment according to initial
response to precessation nicotine patch, Am. J. Psychiatry 170 (8) (2013)
860–867.

[103] R.A. Schnoll, P.M. Goelz, A. Veluz-Wilkins, S. Blazekovic, L. Powers, F.T. Leone,
et al., Long-term nicotine replacement therapy: a randomized clinical trial, JAMA
Intern. Med. 175 (4) (2015) 504–511.

[104] R.A. Schnoll, F. Patterson, E.P. Wileyto, D.F. Heitjan, A.E. Shields, D.A. Asch,
et al., Effectiveness of extended-duration transdermal nicotine therapy: a rando-
mized trial, Ann. Intern. Med. 152 (3) (2010) 144–151.

[105] P. Selby, G. Brosky, P. Oh, V. Raymond, C. Arteaga, S. Ranger, A pragmatic,
randomized, controlled study evaluating the impact of access to smoking cessation
pharmacotherapy coverage on the proportion of successful quitters in a Canadian
population of smokers motivated to quit (ACCESSATION), BMC Public Health 14
(2014) 433.

[106] J. Stapleton, R. West, P. Hajek, J. Wheeler, E. Vangeli, Z. Abdi, et al., Randomized
trial of nicotine replacement therapy (NRT), bupropion and NRT plus bupropion
for smoking cessation: effectiveness in clinical practice, Addiction 108 (12) (2013)
2193–2201.

[107] P. Tønnesen, H. Lauri, R. Perfekt, K. Mann, A. Batra, Efficacy of a nicotine mouth
spray in smoking cessation: a randomised, double-blind trial, Eur. Respir. J. 40 (3)
(2012) 548–554.

[108] H.E. Tulloch, A.L. Pipe, C. Els, M.J. Clyde, R.D. Reid, Flexible, dual-form nicotine
replacement therapy or varenicline in comparison with nicotine patch for smoking
cessation: a randomized controlled trial, BMC Med. 14 (2016) 80.

[109] N. Walker, C. Howe, C. Bullen, M. Grigg, M. Glover, H. McRobbie, et al., Does
improved access and greater choice of nicotine replacement therapy affect
smoking cessation success? Findings from a randomized controlled trial, Addiction

106 (6) (2011) 1176–1185.
[110] L.A. Bastian, L.J. Fish, B.L. Peterson, A.K. Biddle, J. Garst, P. Lyna, et al.,

Assessment of the impact of adjunctive proactive telephone counseling to promote
smoking cessation among lung cancer patients’ social networks, Am. J. Health
Promot. 27 (3) (2013) 181–190.

[111] S.S. Fu, M. van Ryn, D. Nelson, D.J. Burgess, J.L. Thomas, J. Saul, et al., Proactive
tobacco treatment offering free nicotine replacement therapy and telephone
counselling for socioeconomically disadvantaged smokers: a randomised clinical
trial, Thorax 71 (5) (2016) 446–453.

[112] E.M. Klemperer, J.R. Hughes, L.J. Solomon, P.W. Callas, J.R. Fingar, Motivational,
reduction and usual care interventions for smokers who are not ready to quit: a
randomized controlled trial, Addiction 112 (1) (2017) 146–155.

[113] R.C. Klesges, J.O. Ebbert, G.W. Talcott, F. Thomas, P.A. Richey, C. Womack, et al.,
Efficacy of a tobacco quitline in active duty military and TRICARE beneficiaries: a
randomized trial, Mil. Med. 180 (8) (2015) 917–925.

[114] H. Lindqvist, L.G. Forsberg, L. Forsberg, I. Rosendahl, P. Enebrink, A.R. Helgason,
Motivational interviewing in an ordinary clinical setting: a controlled clinical trial
at the Swedish National Tobacco Quitline, Addict. Behav. 38 (7) (2013)
2321–2324.

[115] R. Maddison, V. Roberts, H. McRobbie, C. Bullen, H. Prapavessis, M. Glover, et al.,
Exercise counseling to enhance smoking cessation outcomes: the Fit2Quit rando-
mized controlled trial, Ann. Behav. Med. 48 (2) (2014) 194–204.

[116] E. Nohlert, J. Ohrvik, A.R. Helgason, Effectiveness of proactive and reactive ser-
vices at the Swedish National Tobacco Quitline in a randomized trial, Tob. Induc.
Dis. 12 (1) (2014) 9.

[117] S.E. Sherman, P. Krebs, L.S. York, S.E. Cummins, W. Kuschner, S. Guvenc-
Tuncturk, et al., Telephone care co-ordination for tobacco cessation: randomised
trials testing proactive versus reactive models, Tob. Control 27 (1) (2018) 78–82.

[118] W. Sumner 2nd, M.S. Walker, G.R. Highstein, I. Fischer, Y. Yan, A. McQueen,
et al., A randomized controlled trial of directive and nondirective smoking ces-
sation coaching through an employee quitline, BMC Public Health 16 (2016) 550.

[119] F. Tzelepis, C.L. Paul, J. Wiggers, R.A. Walsh, J. Knight, S.L. Duncan, et al., A
randomised controlled trial of proactive telephone counselling on cold-called
smokers’ cessation rates, Tob. Control 20 (1) (2011) 40–46.

[120] S.-H. Zhu, S.E. Cummins, S. Wong, A.C. Gamst, G.J. Tedeschi, J. Reyes-Nocon, The
effects of a multilingual telephone quitline for Asian smokers: a randomized
controlled trial, J. Natl. Cancer Inst. 104 (4) (2012) 299–310.

[121] Nicholas A. Zwar, Robyn L. Richmond, Elizabeth J. Halcomb, John S. Furler, Julie
P. Smith, Oshana Hermiz, Irene D. Blackberry, Upali W. Jayasinghe, Ron Borland,
Quit in general practice: a cluster randomized trial of enhanced in-practice support
for smoking cessation, Fam. Pract. 32 (2) (2015) 173–180 https://doi.org/10.
1093/fampra/cmu089.

[122] S.M. Hall, G.L. Humfleet, R.F. Munoz, V.I. Reus, J.J. Prochaska, J.A. Robbins,
Using extended cognitive behavioral treatment and medication to treat dependent
smokers, Am. J. Public Health 101 (12) (2011) 2349–2356.

[123] M.D. Levine, K.A. Perkins, M.A. Kalarchian, Y. Cheng, P.R. Houck, J.D. Slane,
et al., Bupropion and cognitive behavioral therapy for weight-concerned women
smokers, Arch. Intern. Med. 170 (6) (2010) 543–550.

[124] J.M. Ramon, I. Nerin, A. Comino, C. Pinet, F. Abella, J.M. Carreras, et al., A
multicentre randomized trial of combined individual and telephone counselling
for smoking cessation, Prev. Med. 57 (3) (2013) 183–188.

[125] E.S. Smit, M.J.J.M. Candel, C. Hoving, H. de Vries, Results of the PAS study: a
randomized controlled trial evaluating the effectiveness of a web-based multiple
tailored smoking cessation program combined with tailored counseling by practice
nurses, Health Commun. 31 (9) (2016) 1165–1173.

[126] G.E. Swan, J.B. McClure, L.M. Jack, S.M. Zbikowski, H.S. Javitz, S.L. Catz, et al.,
Behavioral counseling and varenicline treatment for smoking cessation, Am. J.
Prev. Med. 38 (5) (2010) 482–490.

[127] M. Webb Hooper, M.H. Antoni, K. Okuyemi, N.A. Dietz, K. Resnicow, Randomized
controlled trial of group-based culturally specific cognitive behavioral therapy
among African American smokers, Nicotine Tob. Res. 19 (3) (2017) 333–341
https://doi.org/10.1093/ntr/ntw181erican.

C.J. Cadham, et al. Lung Cancer 135 (2019) 205–216

216

http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0460
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0460
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0460
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0465
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0465
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0465
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0470
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0470
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0470
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0470
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0470
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0475
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0475
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0475
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0480
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0480
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0480
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0485
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0485
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0485
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0485
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0490
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0490
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0490
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0490
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0495
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0495
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0495
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0495
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0500
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0500
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0500
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0505
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0505
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0505
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0510
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0510
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0510
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0515
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0515
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0515
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0520
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0520
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0520
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0525
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0525
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0525
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0525
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0525
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0530
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0530
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0530
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0530
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0535
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0535
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0535
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0540
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0540
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0540
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0545
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0545
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0545
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0545
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0550
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0550
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0550
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0550
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0555
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0555
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0555
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0555
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0560
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0560
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0560
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0565
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0565
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0565
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0570
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0570
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0570
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0570
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0575
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0575
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0575
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0580
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0580
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0580
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0585
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0585
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0585
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0590
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0590
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0590
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0595
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0595
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0595
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0600
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0600
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0600
https://doi.org/10.1093/fampra/cmu089
https://doi.org/10.1093/fampra/cmu089
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0610
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0610
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0610
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0615
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0615
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0615
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0620
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0620
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0620
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0625
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0625
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0625
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0625
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0630
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0630
http://refhub.elsevier.com/S0169-5002(19)30517-3/sbref0630
https://doi.org/10.1093/ntr/ntw181erican

	Smoking cessation interventions for potential use in the lung cancer screening setting: A systematic review and meta-analysis
	Introduction
	Methods
	Data sources and searches
	Study selection
	Data abstraction and quality assessment
	Data synthesis and analysis

	Results
	Study outcomes
	Sensitivity analyses
	Quality and Bias assessment

	Discussion
	Conclusion
	Acknowledgements
	Supplementary data
	References




