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Lung cancer mortality can be reduced by 20% via low dose CT lung cancer screening (LCS) and 

treatment of early-stage disease. Providing tobacco use treatment to high risk cigarette smokers in 

the LCS setting may result in health benefits beyond the impact of LCS. As one of the nine trials 

in the National Cancer Institute’s Smoking Cessation at Lung Examination (SCALE) 

collaboration, the goal of the Lung Screening, Tobacco, and Health (LSTH) trial is to develop a 

scalable and cost-effective cessation intervention for subsequent implementation by LCS 

programs. Guided by the RE-AIM Framework, the LSTH trial is a two-arm RCT (N = 1330) 

enrolling English- and Spanish-speaking smokers registered for LCS at one of seven collaborating 

sites. Participants are randomly assigned to Usual Care (UC; three proactive telephone counseling 

sessions/two weeks of nicotine patches) vs. Intensive Telephone Counseling (ITC; eight proactive 

sessions/eight weeks of nicotine patches, plus discussion of the LCS results to increase motivation 

to quit). Telephone counseling is provided by tobacco treatment specialists. To increase continuity 

of care, referring physicians are notified of participant enrollment and smoking status following 

the intervention. Outcomes include: 1) self-reported 7-day, 30-day, and sustained abstinence, and 

biochemically-verified at 3-, 6-, and 12-months post-randomization, 2) reach and engagement of 

the interventions, and 3) cost-effectiveness of the interventions. The Cancer Intervention and 

Surveillance Modeling Network (CISNET) will model long-term impacts of six SCALE trials on 

the cost per life year saved, quality-adjusted life years saved, lung cancer mortality reduction, and 

population mortality.

1. INTRODUCTION

Lung cancer mortality can be reduced by 20% via low dose CT screening and treatment of 

early stage disease [1]. If widely adopted, it is estimated that lung cancer screening (LCS) 

can prevent up to 12,000 lung cancer deaths annually in the U.S. [2]. The U.S. Preventive 

Services Task Force (USPSTF) [3] began recommending LCS in 2013 for the estimated 8 

million individuals at high-risk for lung cancer, approximately one-half of whom are current 

cigarette smokers [2]. Maximum health impact from screening will only be achieved if high-

risk smokers are able to stop smoking [4,5]. Consequently, the Centers for Medicare and 

Medicaid Services (CMS) mandate that cessation assistance be provided to all smokers 

undergoing screening [6]. While there are several known effective smoking cessation 

interventions, many of these are not feasible within diverse community-based LCS programs 

or with smokers who are not ready to stop smoking. The goal of the Lung Screening, 

Tobacco, and Health (LSTH) trial is to develop a scalable and cost-effective cessation 

intervention for implementation that will yield the greatest benefits with the lowest costs to 

both individuals and society. The LSTH study is part of the NCI’s Smoking Cessation at 
Lung Examination (SCALE) collaboration, a group of nine trials that aims to expand the 

evidence base for effective cessation interventions in the context of LCS [7].

Guided by the RE-AIM Framework [8], we have designed a randomized controlled trial 

(RCT) using the evidence-base of telephone counseling (TC) [9-11]. Our approach is 

designed to be at the intersection of scalability and intensity for future implementation 

within the national tobacco quitline. This trial builds on our prior studies in the lung 

screening setting [12-16] and tests the effectiveness and cost-effectiveness of intensive 

treatment (eight TC sessions with eight weeks of nicotine replacement therapy (NRT) and 
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motivational discussions of the lung screening result) vs. usual care (three TC sessions with 

two weeks of NRT). To increase treatment continuity, we notify the referring physician at 

trial enrollment and again at the six-month follow-up with the participant’s reported 

smoking status.

Proactive TC provides the opportunity to leverage the increased motivation provided by the 

teachable moment [17] of the LCS setting. Importantly, TC also serves to counteract reduced 

motivation to quit that can occur following a normal result, accomplished by providing 

education about LCS as well as cessation strategies through a framework of motivational 

interviewing [18]. By including all smokers, regardless of readiness to quit, personalizing 

tobacco-related health risks, and providing an evidence-based cessation intervention that 

includes NRT, we expect that the intensive intervention will yield significantly higher quit 

rates than the usual care intervention, while also maintaining potential for widespread 

implementation. Further, two important aspects of our approach include cost-effectiveness 

analyses and microsimulation modeling. We will use the well-established University of 

Michigan Lung Cancer Intervention and Surveillance Modeling Network (CISNET) model 

to evaluate the impact of the interventions on short- and long-term smoking-related 

outcomes [3,19-21]. We are collaborating with six of the other SCALE trials in order to 

project the impact of different cessation interventions conducted within LCS programs on 

long-term costs, quality-adjusted life years, and lung cancer deaths averted.

2. METHODS

2.1 Study Aims

1) To compare the smoking outcomes between the Intensive Telephone Counseling (ITC) 

and Usual Care (UC) telephone counseling arms at 3-, 6- and 12-months. We hypothesize 

that the ITC arm will have significantly improved 7-day and 30-day point prevalence 

abstinence, as well as 6-month sustained abstinence compared to UC. We will measure 

potential mediators, including teachable moment factors (e.g., perceived risk based on 

screening results) and process measures (e.g., TC and nicotine replacement therapy (NRT) 

adherence, discussion of smoking habits with primary care physician). We will also assess 

potential moderators, including the lung screening result, readiness to quit, and nicotine 

dependence.

2) To evaluate the representativeness of the smokers enrolled in the trial, we will calculate 

reach (percentage of current smokers enrolled in the trial, out of those current smokers who 

were screened for lung cancer) and engagement (percentage who receive the interventions 

out of those screened for lung cancer), both overall and among subgroups (site, gender, age, 

nicotine dependence), as well as feasibility for implementation in both community-based 

and academically-based screening centers.

3) To conduct an economic evaluation to test the hypothesis that while costlier, ITC will be 

more effective than UC in the LCS setting, making it more cost-effective in terms of costs 

per quit and quit attempt at 3-, 6- and 12-months. We will use these results as inputs to the 

Lung CISNET model to project the long-term impact of the interventions on costs per life 

Taylor et al. Page 3

Contemp Clin Trials. Author manuscript; available in PMC 2019 July 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



year saved, quality-adjusted life years saved, lung cancer deaths averted, lung cancer 

mortality reduction, and overall population mortality.

2.2 Conceptual Framework

To guide our study design, we used the RE-AIM (Reach, Effectiveness, Adoption, 

Implementation, and Maintenance) [8] framework, which was developed to increase the 

utilization of health promotion interventions in real-world settings. Figure 1 depicts the three 

study aims as they relate to the RE-AIM dimensions.

The primary goals of the LSTH trial are to test the effectiveness and cost-effectiveness of 

interventions that can be adopted and implemented in new LCS settings through 

collaborations with state and national quitlines. We are maximizing reach by including all 

smokers, with a particular focus on those who are not ready to quit, as well as providing the 

intervention in both English and Spanish. We are measuring participant engagement with the 

interventions and the costs associated with intervention delivery to facilitate future 

implementation. Although we are not measuring the RE-AIM dimension of maintenance 

(i.e., the long-term collaboration between a LCS program and this cessation program) in the 

current trial, we are facilitating this aim via the cost-effectiveness analysis. Finally, we are 

conducting an analysis using the University of Michigan CISNET model [21] in order to 

project the costs and long-term morbidity and mortality of what can be expected if the 

interventions are broadly implemented in the US population.

2.3 Study Setting and Participants

This multisite RCT includes seven geographically-diverse LCS sites that serve a broad 

population of patients (see Table 1), and includes both community-based hospitals and 

academic medical centers. Each site has an ongoing screening program and is part of a 

major medical center, which includes a thoracic tumor board, radiation oncologists, medical 

oncologists, surgeons, pulmonologists, and palliative care clinicians, who provide diagnostic 

work-ups and treatment as needed. The Georgetown University Medical Center Oncology 

Institutional Review Board (IRB) oversees six of the seven LCS sites, with one site (Lahey 

Hospital and Medical Center) providing their own IRB review.

We expect that the enrollment duration will extend from May 2017 to June 2020, and that 

the final follow-up assessment will be completed in July 2021. In an effort to enroll all 

participants at our collaborating LCS sites, we used the broadest inclusion criteria available, 

which are the National Comprehensive Cancer Network (NCCN) lung cancer screening 

guidelines [22]. Both NCCN Group 1 and Group 2 patients are included: (a) 50–80 years of 

age and (b) 20+ pack-year smoking history. Further, eligible participants must be (c) 

registered for LCS at one of our seven LCS sites, (d) smoking cigarettes (or cigarillos or 

little cigars) within the past seven days regardless of number smoked per day; (e) English- or 

Spanish-speaking; and (f) accrued prior to LCS. The exclusion criteria are (a) prior or 

current diagnosis of lung cancer and (b) non-English or non-Spanish speaker. Individuals are 

not excluded due to prior LCS, prior or current cessation treatment, psychiatric conditions, 

and do not need to be ready to quit.
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Based on our prior studies in the LCS setting, we project a 45% participation rate, 95% 

completion of the CT screening exam, and a 5%−20% loss at each follow-up assessment 

[16]. Also, based on the current trends in the demographic characteristics of individuals 

undergoing LCS [23], as well as what is typically found in new cancer screening modalities, 

we expect that the majority of participants will be insured, white, and non-Hispanic. This 

will be a limitation of all studies conducted within LCS settings until screening becomes 

more widely integrated and promoted in clinical settings.

2.4 Assessment Procedures

2.4.1 Accrual, consent, and the baseline (T0) interview (Figure 2).—Following 

a physician referral, individuals call the LCS site to schedule their screening appointment. 

At four of the LCS sites, the scheduler then describes the study, seeks verbal consent, and 

conducts the baseline interview with those interested in participating. At the other three LCS 

sites, this is done by the site coordinator during a subsequent call with those willing to hear 

more about the study. As these procedures are conducted by the staff from each LCS site, the 

goal is for all eligible individuals to be approached for the study. We conduct enrollment by 

phone so that the baseline assessment of current smoking status and readiness to quit can be 

completed prior to undergoing screening.

The LCS site coordinators make up to ten call attempts to reach potential participants to 

describe the study, obtain verbal consent, and complete the 15-minute baseline (T0) 

interview. The goal is to reach potential participants within one to three days of the 

screening registration, although in many cases, the screening appointment is not scheduled 

for several weeks, providing ample time for study enrollment. Responses to all interviews 

are entered directly into the web-based Research Electronic Data Capture (REDCap) [24] 

database by the coordinator while speaking to the participant. As part of the consent process, 

participants understand that follow-up assessments and TC are conducted by Georgetown 

staff.

Following completion of a baseline interview, Georgetown staff access new participants in 

the REDCap database each weekday and mail a thank-you letter with the study description, 

the consent and HIPAA forms, and a stamped return envelope. For regular email users, we 

send these documents via secure email for return with an electronic signature. Individuals 

who do not return a consent form after ten reminder calls are ineligible to participate in the 

intervention. However, based on their verbal consent, these participants are contacted for the 

follow-up interviews and biochemical verification.

2.4.2 Lung cancer screening procedures.—All LCS sites use the LungRADS 

system [25]. Approximately one-week post-screening, participants receive the screening 

results via a phone call, in-person consultation with a nurse or physician, or letter. The 

referring physician receives the results via e-mail or fax. Referring physicians call those with 

results suspicious for lung cancer to discuss recommended follow-up procedures. Based on 

the experience of the LCS sites, we expect approximately 10–15% of results to require 

follow-up of some form, but only ~1% to have a lung cancer diagnosis. We offer TC to those 
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diagnosed with lung cancer, but we do not conduct follow-up assessments with them as they 

are no longer eligible for the trial.

2.4.3 Post-screening (T1) interview.—One to two days after participants receive their 

screening results, Georgetown tobacco treatment specialists (TTS) call to complete the 20-

minute T1 phone interview, using the same 10 call protocol. The interviewer asks all 

participants to self-report their screening results. Once participants return the signed HIPAA 

form, the LCS sites release the LungRADS scores to Georgetown via the REDCap database.

At the conclusion of the T1 interview, the TTS provides brief advice to quit, including 

presentation of the health risks of continued smoking, as well as the health benefits of 

quitting. The TTS provides both groups with encouragement to engage in the TC and to use 

the NRT patches, and to try to quit if they become ready. For continuity, the T1 interview 

and the counseling sessions (described below) are conducted by the same TTS.

2.4.4 Randomization.—At the end of the T1 interview, subjects are randomized in 

blocks of size four and stratified by LCS site, readiness to quit (next 30 days vs. next six 

months vs. not considering quitting), LCS result (LungRADS 1/2 vs. 3/4), and language 

(English vs. Spanish). Georgetown coordinators conduct randomization using a password-

protected Microsoft Access program, inform participants of their study arm, and describe the 

next steps of the protocol. Participants who report having quit smoking for ≥ 8 days at the 

T1 interview are not randomized and excluded from the trial. However, we conduct the 

follow-up interviews to track the long-term quit rates in the absence of the cessation 

intervention.

2.4.5 Overview of follow-up interviews.—Georgetown staff members conduct the 

20-minute telephone interviews at 3-, 6-, and 12-months post-randomization. In accordance 

with the Society for Research on Nicotine and Tobacco guidelines for interventions that 

include smokers not ready to quit, the timing of the follow-up interviews is based on 

randomization date [26]. Participants receive a $15 gift card following completion of each 

follow-up interview. The telephone interviewers are blinded to study arm. Counselors do not 

conduct assessments with participants for whom they were the telephone counselor. To keep 

interviewers blinded to study arm, questions about satisfaction with the intervention occur at 

the end of the interview, following the assessment of smoking status.

2.4.6 Biochemical Verification Procedures.—Within two weeks of self-reported 

abstinence at the 3-, 6-, and 12-month follow-up assessments, participants are asked to 

complete biochemical verification using either 1) a NicAlert saliva strip, mailed to their 

home with instructions to complete and return by mail, or 2) a carbon monoxide (CO) test 

for persons using NRT or an electronic nicotine delivery device. Participants provide a 

breath sample using a CO monitor at the LCS site. The standard abstinence cutoffs are: <1 

for NicAlert and ≤ 6ppm for CO. The equivalence between NicAlert and CO has been 

demonstrated [27-28]. We cover parking costs as needed and provide a $25 gift card for 

completing verification at each assessment.
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2.5 Intervention Procedures

2.5.1 Overview of the telephone counseling interventions.—Proactive TC, 

defined as the counselor calling the participant, is a well-suited cessation intervention in the 

LCS setting. Its effectiveness has been demonstrated with older smokers [9, 29-31], with 

smokers who are not ready to quit [32-34] and with non-treatment seeking smokers [11,34]. 

It is also intensive enough to fully assist those who are ready to quit [10,11,35-37] by 

providing tailored support for cessation. TC is a relatively low-cost method of reaching all 

LCS participants [38].

We considered four key issues when selecting the intervention components. We sought 

interventions with data supporting: 1) the effectiveness among older, chronic, and addicted 

smokers, 2) the feasibility of implementation in LCS settings, 3) the ability to reach large 

numbers of screening participants, and 4) the likelihood that LCS participants would engage 

in the intervention.

The ITC protocol is based on the Project Ascend protocol [39]. We modified it for use with 

older, chronic smokers, many of whom are not seeking tobacco treatment. A more intensive 

intervention than some other TC interventions [11] is justified by the dose-response 

relationship between quitting and number of sessions in non-treatment seeking smokers 

[34]. Further, our pilot data showed that a more intensive intervention was useful for those 

who were not ready to quit at baseline [13, 16]. Thus, readiness to quit is one of the potential 

moderating factors we will assess.

The UC arm also utilizes the content of the Project Ascend protocol, but with regard to level 

of intensity, the UC arm was designed to represent what is currently offered in state 

quitlines. For example, in FY 17, an average of two calls per person was provided and 44% 

of quitlines offered 2-weeks of the nicotine patch (and 56% offered 4 weeks or more) [40].

We considered beginning TC prior to LCS, to leverage the health concerns that led to 

choosing to undergo lung screening. However, this would introduce a varying number of 

calls pre- and post-screening, depending on each site’s scheduling practices. As we expect 

that the LCS result may impact motivation to quit, we determined that the intervention 

should start following the LCS exam, in order to capitalize on the receipt of the screening 

result.

2.5.2. Procedures common to both intervention arms.—Following 

randomization, we mail a packet (in English or Spanish) containing materials used during 

the counseling sessions: 1) the NCI’s “Clear Horizons” booklet for older smokers (for 

English speakers) or the American Lung Association’s “Freedom From Smoking en 

Español: La guía para ayudarle a dejar de fumar” (for Spanish speakers), 2) a cigarette 

tracker, 3) a decision-making activity sheet [41], and 4) a worksheet we developed to assist 

participants in thinking through physical, behavioral, and motivational changes needed for 

quitting or reducing. For regular email users, resources are sent via email. All materials are 

also available on the LSTH website (https://lunghealth.georgetown.edu) in both English and 

Spanish.
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TC is comprised of empirically-validated cessation techniques as identified in the Public 

Health Service guidelines [9] and recent meta-analyses [11,42]. A central component is 

motivational interviewing (MI) [43], a strategy that emphasizes individual responsibility for 

change, enhances self-efficacy, minimizes resistance by building on natural ambivalence, 

and provides assistance for setting goals for change. MI is most appropriate for non-

treatment seeking smokers who may not be ready to quit. There is strong empirical support 

for the utility of MI within brief interventions and TC for both English and Spanish speakers 

[44-48].

Prior to the first TC session, the TTS reviews the participant’s smoking history and goals for 

cessation collected at the T0 and T1 assessments. Core intervention components 

implemented during each TC call include an assessment of readiness to quit, confidence in 

and importance of quitting, a discussion of smoking-related goals, discussion of the nicotine 

patch, ways of dealing with triggers and urges associated with smoking, and encouragement 

to use the mailed cessation materials. These elements are approached using MI techniques 

with a focus on open-ended questions and reflections, while cultivating a non-judgmental, 

supportive, and collaborative atmosphere. Participants are not asked to set a quit date until 

they indicate being ready. Those who quit during the intervention are encouraged to continue 

engaging in the calls which focus on relapse prevention.

2.5.2.1 NRT procedures.: Participants in both arms are offered free NRT (NicoDerm CQ 

21mg, 14mg, and 7mg patches). NRT is express mailed in four two-week batches (ITC) or 

one two-week batch (UC) after the first TC session is completed. For ITC participants, 

subsequent batches are mailed only after additional TC calls are completed to encourage 

continued engagement with TC and to reduce costs for non-use. The TTS confirms that the 

first two-week batch is being used, assesses dosage, and ships the second two-week batch so 

that it arrives prior to completion of the first batch. This is a standard approach used by 

quitlines [49].

For participants planning to use the nicotine patch, the TTS emphasizes the importance of 

using a patch beginning on the predetermined quit day. This encourages setting a quit date or 

a 24-hour ‘practice’ quit date to learn where difficulties may lie and what additional 

behavioral changes may be needed to prepare for an actual quit date. If slips occur during 

patch use, participants are encouraged to remove the patch if more than five cigarettes are 

smoked.

For participants not interested in using the nicotine patches, the TTS discusses additional 

pharmacological aids for cessation and encourages participants to discuss these options with 

their primary care physician.

2.5.2.2 Letters to Referring Physicians.: Prior to starting recruitment at each LCS site, 

we mail a letter describing the study to the physicians who have previously referred patients 

to that LCS program. The letter is intended to raise awareness about the study and to 

promote additional referrals to the LCS program. We also send copies of a study recruitment 

flyer that physicians can give to eligible patients.
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When a new participant enrolls in the LSTH trial, we send a personalized letter to inform the 

referring physician that the patient has enrolled. After the six-month follow-up (T3), we 

send a second letter to inform the physician of the participant’s smoking status (or if the 

participant has been lost to follow-up), whether the participant engaged in TC, as well as 

his/her use of study-provided NRT. The letter also reminds physicians to use the 5 As [9], to 

discuss cessation at each visit, to consider Chantix or Zyban when clinically appropriate, and 

to provide support for relapse prevention.

2.5.3 Procedures specific to each arm

2.5.3.1 UC arm.: The UC arm includes three 20-minute counseling sessions and one 2-

week supply of NRT patches. Calls are scheduled according to participant preference, but 

must be completed within three months post-randomization. Counselors make a maximum 

of three follow-up attempts (with voicemail messages) for each of the three sessions. 

Participants are considered unreachable if they do not return any calls. However, sessions are 

resumed if a participant calls back prior to three months post-randomization. Further, TTS 

do not facilitate discussion of screening results in the UC arm.

2.5.3.2 ITC arm.: The ITC arm includes eight 20-minute counseling sessions and up to 

four 2-week boxes of NRT patches. We included eight sessions based on evidence from our 

pilot study, which suggested that for those who began TC not ready to quit and subsequently 

became ready to quit during the course of the calls, six sessions was not sufficient to discuss 

relapse-prevention strategies [16].

A maximum of six follow-up attempts (with voicemail messages) are made for each session. 

As noted above, participants who do not return calls are considered unreachable unless they 

attempt to reach the counselor. Calls are scheduled at the participant’s convenience, but all 

calls must be completed within three months post-randomization. Unlike the UC arm, the 

TTS initiates discussion of the LCS results and, if applicable, of subsequent follow-up 

procedures, as motivators to quit.

The rationale for reaching participants shortly following the T1 interview is to allow the TTS 

to capitalize on the impact of the screening result as a potential “teachable moment” [17]. 

The counselor addresses the potential impact of undergoing screening and the screening 

result during each of the first three sessions, and only after that if it is particularly relevant to 

a participant or if the participant brings it up. Discussion of the screening result is framed as 

a primary motivator to quit, including 1) emphasis on the importance of quitting following 

any abnormal finding, and 2) encouragement to use the lung screening event as an 

opportunity to quit, to reduce future health risks, including lung cancer and other tobacco-

related diseases, and 3) to maximize quality of life. For those with a normal result or whose 

abnormal result is ultimately considered normal after a work-up, the TTS assesses thoughts 

that reflect minimization of the need to quit (e.g., ‘this result means I can continue smoking’ 

or ‘this result is a license to smoke’ [15]), discusses converting the original motivation for 

undergoing screening into motivation to quit, and discusses the importance of using the 

screening as an opportunity to quit for disease prevention. Providing education that a normal 

result is not a permanent ‘clean bill of health,’ that quitting can increase the possibility of 
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having a normal result again next year, that older adults who quit can add years to their life 

[50], each serve to challenge the potential for minimization of the consequences of smoking. 

As guided by the teachable moment model [17] we expect that discussion of the screening 

result as a motivator will increase risk perceptions and emotional reactions to the result, and 

challenge one’s self-concept as a smoker, which may ultimately translate to behavior 

change.

2.6. Collaboration with LCS Sites.

The LCS site coordinators are trained by Georgetown project coordinators using ZOOM, a 

HIPAA-compliant web and teleconferencing platform [51]. The training focuses on the 

methods used to recruit patients, including data entry in REDCap, roleplays to conduct 

baseline interviews, and data tracking in Microsoft Excel to manage information about 

eligible participants. A detailed site protocol manual, which includes telephone scripts, a 

comprehensive study description, the verbal consent process, and the baseline interview 

protocol, was developed and shared with all sites to provide consistent information and 

training for site coordinators. The information is available on a secure website that is 

accessible to all of the LCS sites and is updated as needed. Additionally, the use of these 

online resources facilitates consistent training in the case of staff turnover.

The Georgetown staff and PI have monthly phone meetings with each LCS site to ensure 

adherence to the study protocol, discuss participant accrual progress, and brainstorm 

methods to maximize enrollment and minimize dropout. We also e-mail weekly accrual 

reports to communicate recruitment rates. Georgetown project coordinators and the LCS 

sites use e-mail to clarify data entered into the REDCap system. Finally, approximately 

every four months, the Georgetown team hosts a teleconference with all of the LCS sites to 

communicate information that applies to the entire study. This also allows the sites to share 

information with each other and provide updates on participant accrual.

2.7. Training and Supervision of the Tobacco Treatment Specialists

All telephone counselors received training at one of the Association for the Treatment of 

Tobacco Use and Dependence (ATTUD) accredited week-long programs for TTS. Prior to 

counseling trial participants, each counselor performs roleplays with experienced staff 

members, our patient advocate (a former smoker who quit while participating in our LCS 

pilot study), and doctoral-level investigators (clinical psychologists). The TTS also counsels 

two pilot participants, completing the full UC and ITC protocols. These calls with pilot 

participants are recorded and feedback is provided on protocol adherence and MI skills.

Twice per year, our study consultant, a member of the Motivational Interviewing Network of 

Trainers (MINT), provides a full-day training for the TTSs and supervisors. Both didactics 

and roleplaying are used to demonstrate central constructs of MI, including the use of open-

ended questions and reflections, cultivating change talk, softening sustain talk, providing a 

collaborative atmosphere, and expressing a deep understanding of the participant’s 

perspective. TTSs receive monthly individual supervision from our MINT consultants (both 

English- and Spanish-speaking), which includes detailed feedback using the Motivational 

Interviewing Treatment Integrity (MITI) protocol on a recorded counseling call to ensure 
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compliance with MI techniques. Finally, the team has a monthly meeting with the MINT 

trainer to cover general MI techniques that are applicable to recent sessions conducted by the 

TTSs, using roleplays and discussion to improve the counselors’ MI skills.

All of the counseling sessions are recorded for quality assurance. Weekly supervision 

(individual and group) is provided by two clinical psychologists for each counselor. 

Supervision of the Spanish-language TTS is conducted in Spanish by both the project 

director and a MINT trainer. Each supervision meeting involves listening to an audio 

recording of one session per counselor. Supervisors (and other counselors during the group 

meetings) provide feedback on protocol adherence and MI techniques. We use fidelity 

coding forms (described below) to assess protocol adherence and to discuss areas requiring 

improvement.

Assessment of Intervention Fidelity.—We will assess intervention fidelity by 

recording and coding a random selection of 10% of the counseling calls [52] selected from 

each six month period of data collection, to insure inclusion of calls conducted in the early 

and later periods of the trial. We will select 10% of the calls from each of the following three 

groups: sessions 1–3 in the UC arm, sessions 1–3 in the ITC arm, and sessions 4–8 in the 

ITC arm. All sessions are audio-recorded using ZOOM.

Using a coding manual, two investigators will train three coders to conduct the fidelity 

ratings, using audio recordings from pilot participants. Inter-rater reliability will be 

calculated for 20% of the coded calls. We will hold regular meetings and come to consensus 

on disagreements. The coders will periodically code with one of the investigators to assess 

for drift from the fidelity coding protocol. Coders will be blinded to study arm and session 

number.

Fidelity coding will include an assessment of the core topics to be covered during each call, 

including an assessment of current smoking status and readiness to quit (three items); a 

discussion of behavioral strategies for reducing or quitting smoking (five items), assessment 

of NRT use or NRT adherence for those using the patch (one item), use of MI techniques 

(five items), discussion of the print materials, and limiting the session to 20 minutes. In the 

ITC arm, a discussion of the LCS result and its impact on readiness to quit is required in the 

first three sessions (two items). Relapse prevention items are coded for sessions in which the 

participant has stopped smoking (four items).

2.8 Measures (Table 2).

Table 2 describes each of the measures included in the baseline and follow-up telephone 

assessments, the process data regarding the intervention delivery, and medical record data 

provided by the LCS sites. We have indicated the measures that are in common with the 

SCALE collaborators.

2.9 Economic data collection.

Trial costs include fixed costs (space and overhead) and variable costs (intervention delivery 

and participation). We will use our established methods [65-67] to collect data from project 

staff on time spent on intervention delivery and the participants’ time spent undergoing the 
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intervention. We will use average US costs to micro-cost resource units to enhance 

generalizability for dissemination.

We will consider the following study outcomes at 3-, 6-, and 12-months: 1) the average cost 

per arm per participant for biochemically verified abstinence; and 2) the average cost per 

improved readiness to quit and quit attempts. Cost units will be assigned dollar values using 

several sources, such as the average US gender-specific wage rates from the Current 

Population Survey of the Bureau of Labor Statistics, national data for overhead, and 

Redbook costs for pharmacotherapy. Longer-term costs for the Lung CISNET modeling 

(e.g., lung screening, diagnostic evaluations, treatment of lung cancer) will be based on 

Medicare allowable charges and SEER-Medicare cost data. Medicare claims data do not 

provide detailed information on smoking status, therefore, to estimate costs of non-lung 

cancer care among smokers, we will conduct additional analyses among non-cancer controls 

who have received intensive cessation counseling using HCPCS/CPT codes. We will vary 

the costs of lung cancer and non-lung cancer care among smokers to test the net impact of 

different approaches to estimating costs.

3. ANALYSES

3.1 Overview.

We have identified the primary and secondary outcomes and performed power calculations 

based on the primary outcomes for Aims 1 and 2. We will perform the analyses based on the 

intent-to-treat principle. The Aim 1 analyses will focus on the primary outcome of 

biochemically-verified abstinence (7-day and 30-day point prevalence) at the 12-month 

assessment. Secondary outcomes for Aim 1 will use a similar approach to evaluate the 

outcomes of readiness to quit and 24-hour quit attempts at 3-, 6-, and 12-months. All 

statistical models that compare study arms will control for site, baseline readiness to quit, 

screening result, language, and baseline nicotine dependence.

3.2 Sample size and power analysis.

We anticipate accruing 1330 and randomizing 1200 participants, 600 per arm. All power 

calculations were performed for the primary outcome of biochemically-verified abstinence 

at 12-months using conservative effect size estimates.

At a significance level of 0.05, we will have about 80% power to detect abstinence 

differences of 21% (ITC) and 14% (UC) at 12-months. These conservative abstinence rates 

are based on our pilot study, related studies [68-69] and a meta-analysis involving 43 studies 

for higher- vs. lower-intensity counseling [9].

Aim 1: Mediators include teachable-moment factors (e.g., perceived risk for lung cancer) 

and process measures (e.g., adherence to TC and NRT, contact with referring physician, use 

of other pharmacotherapy). At a significance level of 0.05, using the product of coefficients 

approach [71], we will have >80% power to detect mediation effects of small size (with 

coefficient parameters of 0.14) for each mediator of interest.
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Aim 1: Moderators include the screening result, readiness to quit, and nicotine dependence. 

At a significance level of 0.05, we will have 80% power to detect interaction ORs of 2.2–2.4, 

corresponding to the interaction between study arm and the hypothesized binary moderators, 

assuming ORs ranging between 1.5 and 2.0 for the associations between study arm and 

abstinence at 12 months, and the associations between each moderator and abstinence at 12 

months [70]. The power calculation was performed assuming a logistic regression model 

that includes the study arm, a binary moderator, and their interaction, and it was based on the 

Wald test for the coefficient of the interaction term [70].

Aim 2: Assuming 45% participation, at a significance level of 0.05, we will have 80% 

power to detect differences in reach of 6% between subgroups (gender, age, nicotine 

dependence, and site).

3.3 Data monitoring and missing data.

Given our randomized pilot study [16] and our data collection procedures, we expect to have 

a negligible amount of missing data collected by telephone interview. However, we expect to 

have participant dropout by the follow-up assessments and we will compare the baseline 

characteristics of those with and without missing data. All participants who are missing 

outcome data at 3-, 6-, and 12-months will be assumed to be continued smokers. In 

sensitivity analyses, we will handle missing data using multiple imputation methods. We 

will generate 10 multiple imputed datasets, analyze each separately, and then combine 

results across the 10 datasets.

3.4 Statistical analyses.

3.4.1 Overview of statistical analyses.—We will calculate descriptive statistics and 

perform bivariate analyses using t-tests (or Wilcoxon rank sum tests), chi-square tests (or 

Fisher’s exact tests), and Pearson (or Spearman) correlation coefficients to describe the 

associations of baseline factors (demographics, smoking history, LCS history, etc.) with the 

potential moderators, mediators and outcomes at 3-, 6-, and 12-months. In what follows, we 

are providing details only about the binary outcomes of interest. A similar approach, 

employing Poisson regression models instead of logistic regression models, will be used for 

the secondary outcomes of interest that are count variables, e.g., the number of quit attempts 

at 3-, 6-, and 12-months.

3.4.2 Aim 1 analyses.

H.1.1.: We expect that the ITC arm will result in improved cessation outcomes relative to 

the UC arm. We will use mixed effects logistic regression models to compare the study arms 

on the primary outcomes, which include biochemically verified 7-day and 30-day point 

prevalence abstinence, and six month sustained abstinence. Secondary outcomes include the 

binary outcome of change in readiness to quit and the occurrence of at least one 24 hour quit 

attempt. These models will include participant as a random effect and the following fixed 

effects: study arm, time (3-, 6-, or 12-months), study arm by time interaction, and the 

covariates (site, readiness to quit, screening result, language, and nicotine dependence). We 

will calculate adjusted ORs and 95% confidence intervals (CIs) for the associations between 

study arm and the binary outcomes of interest.
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We will conduct sensitivity analyses to compare the cessation rates of the site with the 

largest number of participants to all of the other sites combined to determine if one site is 

having an undue influence on the findings. Further, we will assess for the presence of site 

differences on demographic and tobacco-related characteristics to determine whether these 

variables may play a role in the differences in cessation rates across sites if those differences 

are present.

H.1.2: In separate analyses, we will assess whether those with a normal result, those less 

ready to quit, and those with higher baseline nicotine dependence will have a significantly 

higher quit rate in the ITC vs. the UC arm, whereas intervention arm will have less of an 

impact among their respective counterparts. For the moderation analyses, we will expand the 

previous models to include the 3-way interaction between study arm, time, and the 

moderator, and the two 2-way interactions between study arm and the moderator, and 

between time and the moderator, respectively. If interaction terms are significant (p<.05), we 

will report stratum-specific ORs and 95% CIs for the association between study arm and 

outcome at 3-, 6-, or 12-months. We will also explore the role of age and gender as 

moderators using similar methods.

H.1.3.: We expect the effect of the interventions to be mediated by greater perceived risk for 

lung cancer, greater adherence to the intervention, and subsequent discussions about 

cessation with the referring physician. For the mediation analysis, we will use the product of 

coefficients method [59] to evaluate the hypothesized mediators. We will first use separate 

regression models to estimate the coefficients relating the study arm to each of the 

hypothesized mediators at 6-months, treated as outcomes at this first step. We will use linear 

regression models for the perceived risk for lung cancer and NRT adherence, a Poisson 

regression model for TC sessions completed, and logistic regression models for having had 

referring physician contact re cessation, and the use of other pharmacotherapy. For the 

second step, we will use logistic regression models to estimate the standardized coefficients 

relating each one of these mediating variables at 6-months to the binary outcomes at 12-

months. We will calculate each mediated effect as the corresponding product of these 

coefficients, with corresponding 95% CIs estimated according to the methods from [59].

3.4.3 Aim 2 analyses.—The purpose of Aim 2 is to assess the representativeness of the 

smokers enrolled in the trial, relative to the smokers who undergo LCS. To assess reach (the 

absolute number, proportion, and representativeness of individuals who enroll) and 

engagement (percentage who receive the interventions), we will calculate descriptive 

statistics and perform tests to compare reach proportions between subgroups (gender, age, 

nicotine dependence, and site). We will explore reach and engagement among Hispanic and 

non-white participants. Engagement will be defined in several ways (e.g., the percentage 

who receive > 2 TC sessions, percentage who receive > 4 sessions, percentage who use >2 

weeks of NRT). We will also assess the implementation endpoints of TC intervention 

fidelity and the ease of delivery (effects on clinic workflow). Finally, we will assess the 

impact of the interventions (defined as the product of reach and effectiveness).
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3.4.4 Aim 3 analyses.—These analyses will use micro-costing approaches and follow 

standard recommendations [72]. Our cost-effectiveness analyses will have two components. 

The first is a short-term analysis of the costs of the trial interventions per unit outcome, such 

as costs per study arm per 3-, 6-, or 12-month cessation. The second portion of the economic 

analysis will leverage the University of Michigan CISNET lung cancer model [19,21,73,74]. 

The model will be used to project how the changes in smoking rates and costs observed in 

the Georgetown trial and in five of the other SCALE trials may impact long-term costs, 

population lung cancer rates, and overall tobacco-related mortality. This model translates 

individual smoking histories into lung cancer risk, and simulates the effects of CT screening 

on lung cancer incidence and mortality [19,73]. The model includes competing mortality 

due to other causes of death by age and will include costs associated with lung cancer 

treatment, making it feasible to deploy it to project the long-term outcomes of the patterns 

observed in the proposed trial.

For the short-term analysis, we will compare the average costs and incremental differences 

in costs by study arm. Analyses from the screening center perspective will be limited to 

costs of intervention delivery only; analyses from the insurer’s perspective will consider 

short-term follow-up procedure costs; the societal perspective will include all of the 

preceding costs plus patient-related costs. For all analyses, one-way and multi-way 

sensitivity analysis will be conducted using the range of effects and other data observed in 

the RCT to assess key drivers of results such as gender, ethnicity, and tobacco history. 

Within the context of the trial, the time horizon for the CEA is short-term (i.e., 3-, 6-, or 12-

months post-randomization), so we will not discount costs or effects; in the longer-term 

analysis using the CISNET model, we will discount all costs and effects.

For the long-term analysis using the CISNET model, we will use the RCT cost estimates and 

effects as model inputs. We will use extant parameters previously employed to model trends 

in lung cancer incidence and mortality and the impact of LCS, and modify these accordingly 

to the estimated effects [21]. In particular, baseline smoking cessation rates in the CISNET 

model will be adjusted according to the effects of the SCALE interventions. To accomplish 

this, we will first simulate a cohort of individuals and their individual smoking histories 

using the CISNET smoking generator [21,74,75]. Next, we will simulate their enrollment 

into a LCS program based on their age-specific eligibility. Third, we will simulate individual 

screening and lung cancer outcomes using the University of Michigan model, modifying 

smoking histories according to individual simulated screening outcomes in the study and the 

estimated effects of cessation program type. We will model various types of cessation 

programs, including a scenario with no cessation program and/or usual care referral. 

Modeled outcomes for each cessation program type will include cohort smoking prevalence, 

lung cancer incidence and mortality, screening eligibility and screening outcomes (numbers 

of screens, positive, negative, and false positive), number needed to enter the smoking 

cessation intervention and overall tobacco-related mortality, as well as costs per life year 

(and quality-adjusted life year) saved by cessation and lung screening. We will conduct 

sensitivity analyses to evaluate uncertainty in model parameters and in the efficacy of the 

smoking cessation interventions.
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4. Discussion

The goal of the Lung Screening, Tobacco and Health trial is to assess the impact of 

intensive, proactive TC and nicotine replacement on short- and long-term cigarette smoking 

cessation, compared to usual care. Both the ITC and UC intervention protocols have the 

potential to improve cessation outcomes among older, chronic smokers who are most at risk 

for lung cancer and other tobacco-related diseases. Using the RE-AIM framework, we will 

assess the reach, effectiveness, cost-effectiveness, and the long-term impact of these 

interventions.

TC is a feasible approach to promote smoking cessation among older, long-term smokers 

who may not be ready to quit and who may not be seeking treatment [29-36]. We built our 

approach on the evidence base of TC partly in response to the limited staffing in LCS 

programs. As state and national quitlines offer multiple tailored protocols for specific 

populations (e.g., youth, pregnant smokers) [40], quitlines provide an ideal setting for 

implementing the more cost-effective intervention protocol from this trial.

For all participants, we use motivational interviewing techniques to address the behavioral 

and psychological aspects of quitting, particularly among persons not yet ready to quit. 

Furthermore, the interventions use an individualized approach to establish behavior change 

strategies with participants and to set a quit date once they are ready. A unique feature of our 

approach is the utilization of the “teachable moment” offered by LCS. By delivering the 

cessation intervention in conjunction with LCS, participants may be particularly amenable to 

receiving support for quitting. In the ITC arm only, we incorporate targeted intervention 

strategies based upon the LCS results, which can capitalize on heightened risk perception 

and challenge thoughts related to reduced risk perception. Notably, if LCS is perceived as a 

substitute for quitting or if receipt of a normal result contributes to reduced motivation to 

quit [15,76], then additional education regarding the purpose of LCS and the benefits it 

affords may bolster screening as a contributor to cessation. Thus, in the ITC arm, we discuss 

the risks associated with continued smoking, as well as benefits associated with quitting, 

regardless of the LCS result or readiness to quit at the time of screening.

This trial may result in a substantial public health impact by addressing the scalability of a 

phone-based cessation intervention for LCS participants. The cost-effectiveness analyses and 

CISNET modeling will provide critical data to address scalability efforts via the projection 

of the long-term impact of the interventions on costs per life year saved, quality-adjusted life 

years saved, lung cancer deaths averted, and overall population mortality. Further, the 

CISNET analyses will include cost and cessation data from several of the SCALE trials [7], 

which will allow for the comparison of the potential long-term impact of alternative 

cessation interventions.

In summary, the LSTH trial has multiple strengths. One of the strengths is the broad 

inclusion criteria that will allow the results to be generalized to the broadest possible 

population of smokers eligible for LCS. We do not exclude participants based on their 

readiness to quit, psychiatric diagnoses, other concurrent or prior cessation interventions, 

and we include both English and Spanish speakers. Another strength is the biochemical 
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verification of smoking status at all three follow-up assessments, up to one-year post-

randomization. Third, we will conduct a cost-effectiveness analysis and leverage a CISNET 

model to project the long-term population impact of effective cessation interventions when 

conducted in the context of LCS. Finally, this trial is testing proven cessation interventions 

in the LCS setting that are designed for widespread implementation.
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Figure 1. 
Study Aims

Notes. Abbreviations include telephone counseling (TC), nicotine replacement therapy 

(NRT), intensive telephone counseling (ITC), usual care (UC), primary care physician (PCP)
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Figure 2. 
Study Flow Chart
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