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Abstract

Incorporating effective smoking cessation interventions into lung cancer screening (LCS) 

programs will be essential to realizing the full benefit of screening. We conducted a pilot 

randomized trial to determine the feasibility and efficacy of a telephone-counseling (TC) smoking 

cessation intervention vs. usual care (UC) in the LCS setting. In collaboration with 3 

geographically diverse LCS programs, we enrolled current smokers (61.5% participation rate) who 

were: registered to undergo LCS, 50–77 years old, and had a 20+ pack-year smoking history. 

Eligibility was not based on readiness to quit. Participants completed pre-LCS (T0) and post-LCS 

(T1) telephone assessments, were randomized to TC (N=46) vs. UC (N=46), and completed a final 

3-month telephone assessment (T2). Both study arms received a list of evidence-based cessation 

resources. TC participants also received up to 6 brief counseling calls with a trained cessation 

counselor. Counseling calls incorporated motivational interviewing and utilized the screening 
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result as a motivator for quitting. The outcome was biochemically verified 7-day point prevalence 

cessation at 3-months post-randomization. Participants (56.5% female) were 60.2 (SD=5.4) years 

old and reported 47.1 (SD=22.2) pack years; 30% were ready to stop smoking in the next 30 days. 

TC participants completed an average of 4.4 (SD=2.3) sessions. Using intent-to-treat analyses, 

biochemically verified quit rates were 17.4% (TC) vs. 4.3% (UC), p<.05. This study provides 

preliminary evidence that telephone-based cessation counseling is feasible and efficacious in the 

LCS setting. As millions of current smokers are now eligible for lung cancer screening, this setting 

represents an important opportunity to exert a large public health impact on cessation among 

smokers who are at very high risk for multiple tobacco-related diseases. If this evidence-based, 

brief, and scalable intervention is replicated, TC could help to improve the overall cost-

effectiveness of LCS.
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1. Introduction

The National Lung Screening Trial (NLST) reported a 20% lung cancer mortality reduction 

following low-dose computed tomography (LDCT) screening.1 As a result, LDCT is 

recommended for individuals at high-risk for lung cancer.2 If widely adopted, LDCT 

screening is estimated to prevent 12,000 U.S. lung cancer deaths annually.3 To maximize the 

health benefit from LDCT screening, the Centers for Medicare and Medicaid Services 

(CMS) mandated that all smokers undergoing screening must receive cessation assistance.4 

Although there are multiple cessation interventions with proven effectiveness,5 presently 

none have demonstrated efficacy in the lung cancer screening (LCS) setting.6

Providing cessation interventions in conjunction with LCS may capitalize on the ‘teachable 

moment,’ when smokers may be especially amenable to considering quitting.7,8 The goal is 

to leverage increased motivation that may be provided by an abnormal screening result and 

to counteract the potential for reduced motivation following a normal result.9 This setting 

provides a unique opportunity to motivate smokers to quit by incorporating the LDCT result.

There have been four randomized cessation trials conducted within LCS programs, each 

reporting promising cessation rates, but with null findings.10–13 Building on our prior 

work,9,14–16 we evaluated a scalable telephone counseling (TC) cessation intervention to 

provide a personalized, intensive intervention in which the LCS result is leveraged to 

enhance motivation. TC has demonstrated effectiveness among older smokers,5,17–21 

smokers who are not ready to quit,22–32 and non-treatment seeking smokers,29,33 making it 

an important intervention to test in this setting. In a randomized clinical trial, we 

hypothesized that TC would yield higher quit rates than usual care.
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2. Material and Methods

2.1 Participants

Based on the National Comprehensive Cancer Network’s (NCCN) screening criteria,34 

eligible screening participants were 50–74 years old with a 20+ pack-year smoking history. 

Current smokers were registered for screening at three sites (Table). Neither readiness to quit 

nor number of cigarettes per day (CPD) were eligibility criteria.

2.2 Procedure

Between November 2013–March 2016, each screening site invited smokers to learn more 

about this study when scheduling their LDCT appointment (Figure). Georgetown University 

Medical Center (GUMC) interviewers called to describe the study to eligible individuals, 

obtain verbal consent, and conduct the baseline interview (T0) prior to screening. Each site’s 

IRB required a mailed information sheet explaining study procedures, participant rights, and 

potential risks, but did not require signed consent forms.

Following participants’ receipt of their screening results, interviewers conducted the T1 

telephone interview and random assignment. During the T1 interview, participants read the 

letter describing their screening results to the interviewer. The final telephone interview (T2) 

was conducted 3-months post-randomization.

2.3 Measures

2.3.1 Background Characteristics—We assessed demographic and clinical 

characteristics (Table).

2.3.2. Tobacco Use—We assessed smoking history, CPD, non-cigarette tobacco use, 

nicotine dependence,35 and readiness to quit,36–40 (i.e., those ready within the next 30 days/

next six months were “ready to quit” vs. “not ready to quit”).

2.3.3. Lung Cancer Screening—We assessed LCS history and current LCS results. 

Based on the NLST classification,1 self-reported screening results were categorized as 

“normal” (no nodules/abnormalities), “minor/other abnormality” (benign or noncalcified 

nodules <4mm or clinically significant abnormality), or “suspicious for lung cancer” 

(noncalcified nodule ≥ 4mm). One participant diagnosed with lung cancer was excluded pre-

randomization.

2.3.4. Biochemical Verification—Participants reporting abstinence at T2 were mailed a 

NicAlert saliva strip test kit with instructions to complete and return by mail. Nicotine 

replacement therapy (NRT) users completed CO monitoring at the screening site. The 

standard abstinence cutoffs were: ≤1 for NicAlert and <6ppm for CO.41 Those completing 

verification received a $30 gift card for a national retailer.

2.4. Randomization Procedures

Following the T1 interview, randomization was conducted in blocks of 4, stratified by site, 

readiness to quit at T1 (ready/not ready), and screening result (normal/abnormal). The 
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interviewer accessed the computerized randomization system, entered the stratification 

characteristics, and received the randomization assignment.

2.5. Intervention Arms

2.5.1. Usual Care—Following the T0 interview, all participants received the following 

cessation resources: Legacy’s BecomeAnEx booklet42,43 and website,42,43 contact 

information for local cessation resources, a text messaging link,44 and the LIVESTRONG 

My Quit App link.45

2.5.2. Telephone Counseling—TC participants received the same resource list and were 

offered six weekly, proactive (counselor-initiated) counseling calls (15–20 minutes each) 

that began 1–2 days post-randomization. The TC protocol46 included validated cessation 

techniques:5,47 motivational interviewing,48,49 identifying and coping with smoking triggers, 

and encouragement to consider NRT and to speak with their doctors about varenicline and 

bupropion. Discussion of an abnormal LCS result was designed to increase risk perceptions 

and emotional reactions to the result, and challenge one’s self-concept as a smoker. 

Discussion of a normal LCS result provided education that this was not a permanent ‘clean 

bill of health’ and that older adults who quit can still add years to their lives,50 challenging 

thoughts that minimized the consequences of smoking.

2.6. Statistical Analyses

In intent-to-treat analyses (non-responders were classified as current smokers), we assessed 

three-month self-reported and biochemically-verified seven-day point prevalence abstinence 

using chi-square tests (two-sided). The chi-square test (and not Fisher’s Exact test) is 

appropropriate as there were no expected cell counts <5. This pilot study was designed to 

evaluate feasibility and provide preliminary data for a subsequent multicenter trial. Analyses 

were performed using SPSS Version 23.0.

3. Results

The baseline participation rate was 61.5% (115/187; Figure). Compared to decliners, 

participants did not differ on age (p>.80) or gender (p>.10), but reported more pack years 

(p=.05). At 3-months (T2), compared to dropouts, those retained reported more pack years 

(p<.05) and were more likely to be in the UC arm (p<.05). There were no other significant 

differences. The majority of participants were from the Lahey site due to their higher volume 

of screening. The baseline demographic, tobacco-related, and screening-related variables are 

presented in the Table.

3.1. Three-Month Tobacco-Related Outcomes

In intent-to-treat analyses, there was no significant group difference on 7-day point 

prevalence self-reported abstinence (UC: 19.6% (N=9) vs. TC: 21.7% (N=10), p=.80). There 

was a significant group difference on biochemically verified abstinence (UC: 4.3% (N=2) vs. 

TC: 17.4% (N=8), p=.04). (See Supplementary Material).
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Given the small number of UC participants with biochemically verified abstinence, we were 

unable to conduct moderation analyses. Instead, we provide descriptive data on two 

variables of interest: screening result and readiness to quit among those with verified 

abstinence. In each arm, 19.6% (N=9) had results suspicious for lung cancer (Table). At the 

T2 assessment, no UC participants (0/9) who had results suspicious for lung cancer had quit, 

vs. 22.2% (2/9) of TC participants. Similarly, regarding baseline readiness to quit, 30% 

(N=13) in each arm were ready to quit in the next 30 days (Table). Of those, 7.7% (1/13) of 

UC participants had verified abstinence, compared to 46.2% (6/13) of TC participants.

3.2. Intervention Process Outcomes

An average of 4.4 (SD=2.3) TC sessions were completed, and 60.9% of TC participants 

completed all six sessions. At 3-months, 55.6% of TC participants reported liking phone-

based counseling, 27.6% preferred in-person counseling but still liked the phone counseling, 

and 14.7% preferred in-person counseling. Further, 75% said that six was an appropriate 

number of counseling calls, while 25% reported it was too few. Among self-reported 

quitters, the groups (TC vs UC) did not differ on use of NRT (60% vs 55.6%), varenicline 

(0% in both groups), or bupropion (11.1% vs. 20%).

4. Discussion

This study provides preliminary evidence that TC is feasible and efficacious in the LCS 

setting. Relative to UC, TC resulted in significantly greater abstinence at three months post-

randomization. The 17% cessation rate is comparable to other studies including smokers not 

ready to quit,51 as well as prior interventions in the LCS setting.10–13

TC is at the intersection of scalability and intensity, both of which are necessary to impact 

cessation among smokers eligible for LCS. If it is shown to be effective in subsequent 

studies, TC could improve the cost-effectiveness of LCS,52 via its implementation in state 

and national quitlines, for use by LCS participants nationwide.

The inclusion of smokers who are not ready to quit is particularly important given the 

potential for the intervention, the screening setting, and the screening result to have a 

positive effect on motivation to quit. LCS participants represent an important group of 

smokers with whom to intervene, given the increased life expectancy among older smokers 

who quit.50,53 The LCS setting represents an opportunity to exert a large public health 

impact among smokers who are at very high risk for tobacco-related diseases.

Study limitations include the limited sample size, brief follow-up period, and self-reported 

LCS results, each of which is common among pilot studies. Further, the classification of 

non-respondents as current smokers can be problematic.54 Strengths include the use of 

biochemical verification, the 60% uptake of the intervention, and the cessation rate in the TC 

arm, particularly given that 50% were not ready to quit at baseline. These results suggest 

that similar trials should consider enrolling all smokers, and not only those who are ready to 

quit. Further, our results provide preliminary support for the TC intervention among those 

with a positive screening result and among those who were ready to quit at baseline, 

compared to those undergoing screening without a cessation intervention.55
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In sum, TC has the potential to improve cessation in a setting that reaches a large number of 

hard-to-reach, long-term smokers who are at high risk for multiple tobacco-related diseases. 

Importantly, verifying quit rates in LCS-based intervention studies, as well as in other 

medical settings, is clearly warranted.56,57 Larger studies are needed to address the 

scalability and adoption of cessation interventions within the LCS setting.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

1. Telephone-based smoking cessation intervention trial was conducted in the 

lung screening setting

2. Verified quit rates were significantly higher in the telephone counseling arm 

vs. usual care

3. Preliminary evidence that telephone counseling is feasible and efficacious in 

this setting

4. This is an opportunity to have a large public health impact among high risk 

smokers
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CONSORT Figure. 
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Table

Baseline Demographic, Tobacco, and Lung Screening Characteristics

Usual Care
(N = 46)

Telephone Counseling
(N = 46)

Demographic Characteristics

Site

 Georgetown University Med Ctr   7 (15.2%)   7 (15.2%)

 Lahey Hospital and Med Ctr 33 (71.7%) 35 (76.1%)

 Hackensack University Med Ctr   6 (13.0%)   4 (8.7%)

Gender

 Female (N, %) 27 (58.7%) 25 (54.3%)

Age (Mean, SD) 60.1 (5.7) 60.4 (5.1)

 Median (Range) 59.5 (50–70) 60.0 (51–73)

Marital Status

 Married/Marriage-like relationship (N, %) 20 (43.5%) 19 (41.3%)

Race

 White 43 (93.5%) 43 (93.5%)

 African-American   3 (6.5%)   2 (4.3%)

 Native American   0 (0%)   1 (2.2%)

Education

 ≤ HS graduate 12 (26.1%) 19 (41.3%)

 Some college 20 (43.5%) 14 (30.4%)

 ≥ College Grad 14 (30.4%) 13 (28.3%)

Employment

 Not employed   8 (17.4%)   5 (10.9%)

 Full-time/Part-time 18 (39.1%) 23 (50.0%)

 Retired 14 (30.4%) 13 (28.3%)

 Other (disability)   6 (13.0%)   5 (10.9%)

Tobacco-Related Comorbidities

 0 10 (21.7%) 16 (34.8%)

 1 18 (39.1%) 17 (37.0%)

 2+ 18 (39.1%) 13 (28.3%)

Health Insurance Status N (% Yes) 46 (100%) 45 (97.8%)

Personal History of Caa N (%Yes) 12 (26.7%)b 12 (26.7%)b

Family History of Lung Ca N (% Yes) 16 (34.8%) 20 (44.4%)b

Alcohol Use

 Non-drinker 15 (34.1%)c 13 (28.9%)b

 Monthly or less   6 (13.6%)   6 (13.3%)

 2–4 times a month   7 (15.9%)   7 (15.6%)

 2–3 times a week   9 (20.5%) 10 (22.2%)

 4+ times a week   7 (15.9%)   9 (20.0%)

Tobacco Use Characteristics
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Usual Care
(N = 46)

Telephone Counseling
(N = 46)

Pack Years (Mean, SD) 50.3 (20.4) 43.8 (23.7)

 Median (Range) 45.0 (26–100) 40.0 (23–165)

Nicotine Dependenced,e (M, SD) 4.6 (2.0) 4.1 (1.9)

Cigarettes per Daye

 ≤ 10 10 (22.7%) 12 (27.9%)

 11–19 10 (22.7%) 14 (32.6%)

 20 14 (31.8%) 11 (25.6%)

 ≥ 21 10 (22.7%)   6 (14.0%)

Past 30 days–other tobacco products

 Pipe, Tiparillos, Smokeless Tob.e   0 (0%)   0 (0%)

 Cigarse   2 (4.5%)   2 (4.7%)

 Electronic Cigarettesf   7 (17.1%)   2 (4.8%)

Readiness to Quite

 Not Ready to Quit 22 (50.0%) 25 (58.1%)

 Ready to Quit-next 6 mos   9 (20.5%)   5 (11.6%)

 Ready to Quit-next 30 days 13 (29.5%) 13 (30.2%)

Lung Screening Characteristics

Screening History (% Yes) 22 (47.8%) 18 (39.1%)

Screening Resultg

 Normal 21 (45.7%) 24 (52.2%)

 Minor abnormality/Not susp for LC 16 (34.8%) 13 (28.3%)

 Suspicious for lung cancer   9 (19.6%)   9 (19.6%)

a
Cancers: breast, skin, prostate, bladder, colorectal, Hodgkin’s lymphoma, kidney, thyroid, cervical, liver, testicular, throat;

b
Missing: N = 1

c
Missing: N = 2

d
Fagerstrom Test for Nicotine Dependence35

e
Missing N = 5

f
Missing N = 9

g
Screening result categories are based on the NLST categories, with categories 2 and 3 collapsed due to small sample sizes in the ‘minor 

abnormality’ group.
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