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ABSTRACT

Introduction: Smoking cessation activities incorporated
into lung cancer screening programs have been broadly
recommended, but studies to date have not exhibited
increased quit rates associated with cessation programs in
this setting. We aimed to determine the long-term effec-
tiveness of smoking cessation counseling in smokers pre-
senting for lung cancer screening.

Methods: This was a randomized control trial of an inten-
sive, telephone-based smoking cessation counseling inter-
vention incorporating lung cancer screening results versus
usual care (information pamphlet). This analysis reports on
the long-term impact (24-mo) of the intervention on absti-
nence from smoking.

Results: A total of 337 active smokers who participated in
the screening study were randomized to active smoking
cessation counseling (n ¼ 171) or control arm (n ¼ 174)
and completed a 24-month assessment. The 30-day smok-
ing abstinence rates at 24 months postrandomization was
18.3% and 21.4% in the control and intervention arms,
respectively—a 3.1% difference (95% confidence
interval: �5.4 to 11.6, p ¼ 0.48). No statistically significant
differences in the 7-day abstinence, the use of pharmaco-
logic cessation aids, nicotine replacement therapies, nor
intent to quit in the following 30 days were noted (p >

0.05). The abstinence rates at 24-months were higher
overall than at 12-months (19.9% versus 13.3%, p < 0.001),
and smoking intensity was lower than at baseline for
ongoing smokers.
Conclusions: A telephone-based smoking cessation coun-
seling intervention incorporating lung cancer screening re-
sults did not result in increased long-term cessation rates
versus written information alone in unselected smokers
undergoing lung cancer screening. Overall, quit rates were
high and continued to improve throughout participation in
the screening program. (ClinicalTrials.gov NCT02431962).
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Introduction
Participation in lung cancer screening programs has

been associated with increased smoking cessation rates,1

and several guideline documents strongly suggest the
incorporation of cessation services alongside
screening.2,3 Such cessation assistance is a prerequisite
for reimbursement of lung cancer screening by the
Centers for Medicare and Medicaid Services in the
United States. Nevertheless, randomized studies, to date,
have not exhibited increased quit rates associated with
specific smoking cessation programs within the
screening environment, and the paucity of data on the
efficacy and feasibility of such approaches has been
acknowledged.2,4,5

We recently published the results of a randomized
controlled study of an intensive, telephone-based coun-
seling smoking cessation program to determine its
impact on smoking cessation rates in all active smokers
participating in a lung cancer screening program.6 Un-
fortunately, we did not find an impact of this interven-
tion on the primary study end point of smoking
abstinence at 12 months. This brief report aims to pre-
sent the results of the final 24-month smoking assess-
ment in this trial.

Materials and Methods
The Alberta Lung Cancer Screening Study is an

investigational cohort of 806 individuals screened for
lung cancer with three annual low-dose computed to-
mography (CT) (LDCT) examinations.7 Eligible partici-
pants met either the National Lung Screening Trial
criteria (age 55–74 y; �30 pack-year smoking history;
quit �15 y before)8 or were age 55 to 80 years and had
an estimated 6-year lung cancer risk greater than or
equal to 1.5% using a validated model (PLCO2012).9

Participants reporting active cigarette smoking at study
enrollment were enrolled into the smoking cessation
study as an integral part of the screening protocol and
randomized on a one-to-one ratio to an intensive
counseling-based program versus provision of a cessa-
tion information pamphlet only. Additional study
methods can be found in the original publication.6 The
study was approved by the Health Research Ethics Board
of Alberta Cancer Committee (protocol HREBA.
CC-16-0496) and registered in a clinical trial database
(NCT02431962). All participants provided informed
consent in writing. No public or funded lung cancer
screening program was in place in Alberta or in the
whole of Canada at the time of the study.

The active intervention arm comprised an intensive
counseling-based (seven telephone sessions) program
tailored to the specifics of the smoker (individualized
to motivation and addiction levels), including recom-
mendations with regard to nicotine replacement ther-
apy (NRT) and prescription cessation medications and
incorporating the screening LDCT results.10 Subjects
randomized to the intervention arm of this trial were
mailed a standardized letter informing them that they
would be contacted by a smoking cessation counselor.
Participant information was then communicated to the
smoking cessation program, identifying the individual
as a screening study participant and the results of
their baseline screen, including the presence of
emphysematous changes. No additional efforts were
made to contact the individuals, although a reminder
of available cessation support programs was included
with CT report letters for all participants. The primary
study end point was an assessment of self-reported
smoking status at 12 months after randomization.
This report updated the original findings with the
completed 24-month assessment. Smoking rates were
assessed through a phone questionnaire by a screening
study coordinator independent of the cessation
program.

Data analysis was performed with IBM Statistical
Package for the Social Sciences Statistics software,
version 25 (IBM, Armonk, NY). All analyses were per-
formed and presented on an intent-to-treat basis. The
Pearson chi-square test was also used to compare the
quit rates and cessation aids/services used by each
group at 24 months, and Fisher’s exact test for relapse
rates. The McNemar and Wilcoxon signed-rank tests
were used to compare binary and ordinal data between
individuals at different time points, respectively.
Results
A total of 369 active smokers were enrolled in the

screening study and underwent baseline LDCT
screening. A randomization module error resulted in the
initial 24 participants in the negative CT/positive intent-
to-quit strata to all be assigned to the intervention arm
and was excluded from further analysis. The remaining
345 participants were randomized to the active smoking
cessation arm (n ¼ 171) or the control arm (n ¼ 174).
The final 24-month outcome assessment was done in
November 2019, with the remaining 337 participants
available for follow-up; three participants died (all in the
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Figure 1. Study flow diagram.
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control arm), and five were lost to follow-up (three in
the intervention arm, two in control arm) (Fig. 1).

The baseline demographics and details of the inter-
vention provided were reported previously, as were the
6- and 12-month cessation outcomes.6 The groups were
well matched apart from a more frequent history of
depression in the intervention arm (29.8% versus
17.2%, p < 0.05). At least one phone contact was ach-
ieved with a cessation counselor for 126 of 171 (73.7%)
participants in the active intervention arm, whereas only
12 of 174 (6.9%) of those in the control arm had contact
with the cessation program (p < 0.001)
Outcomes After 24 Months
A total of 30-day self-reported smoking abstinence at

24 months after randomization was noted in 31 of 169
(18.3%) and 36 of 168 (21.4%) of participants in the
control and intervention arms, respectively—a 3.1%
difference (95% confidence interval: �5.4 to 11.6, p ¼
0.48). No statistically significant differences in the 7-day
abstinence or current abstinence were noted (Table 1).
Overall, abstinence rates were higher at the 24-month
time point than at 12-months (19.9% versus 13.3%,
McNemar p < 0.001) with this increase also statistically
significant for each study arm. In addition, the smoking
intensity item of the Fagerström scale for “How many
cigarettes a day do you smoke” was lower in active
smokers at 24 months versus their baseline (86.2%
versus 69.9% smoking 20 or fewer cigarettes/d,
respectively).

No differences in the current use of pharmacologic
smoking aids, NRT, nor in the intent-to-quit over the next
30 days were noted between groups. Individuals in the
intervention arm had a higher reported number of quit
attempts lasting more than 24 hours since randomiza-
tion than controls (median [interquartile range]: 3 [1–8]
versus 2 [0.5–5], p ¼ 0.041).

The overall relapse rate at 24 months for individuals
reporting abstinence at 12 months was five of 44
(11.4%), with two of 22 (9.1%), and three of 22 (13.6%)
relapsing in the control and intervention arms,
respectively.
Discussion
We reported the long-term outcomes of a random-

ized study of a counseling-based smoking cessation
intervention incorporated into a lung cancer screening
program. The intervention was initiated in the days after
the receipt of baseline results, and the results were also
incorporated in the discussion. In keeping with the
findings of our primary end point analysis of cessation
rates at 12-months, we found no impact of a routine
referral to such counseling on smoking cessation rates at
24-months compared with simply providing written in-
formation on available smoking cessation resources.

Overall, tobacco abstinence rates increased further
from what was noted at 12 months, from 13.3% to
19.9% (þ6.6%), such that one of five smokers entering
the screening program was able to quit during the 2-year
screening study. This incremental increase in cessation
rates suggests that ongoing efforts to assist these
smokers are important. Such ongoing cessation success
was also noted in the Danish Lung Cancer Screening
Trial (11.9%), with a consistent annual increase in
quitters such that, by year 5, only 1583 of 3124 (51%) of
the baseline smokers were still using tobacco.11 These
cessation rates also seem slightly higher than the 5%
reported in a general population of older adults.12



Table 1. Smoking Cessation Outcomes

Cessation Outcomes at 24 mo Control n ¼ 169, n (%) Intervention n ¼ 168, n (%) Difference % (95% CI) p Value

30-d abstinence 31 (18.3) 36 (21.4) 3.1 (�5.4 to 11.6) 0.48
7-d abstinence 40 (23.7) 44 (26.2) 2.5 (�6.7 to 11.7) 0.6
Current abstinencea 44 (26.0) 47 (28.0) 2.0 (�7.4 to 11.4) 0.68
Use of pharmacologic cessation aidb,c 6 (3.6) 7 (4.2) 0.6 (�3.9 to 5.2) 0.78
Use of NRTc 38 (22.5) 39 (23.2) 0.7 (�8.2 to 805) 0.88
Intent to quit in next 30 d 52/125 (41.6) 60/125 (49.6) 8.0 (�4.3 to 20.0) 0.21
No. of quit attempts (median) 2 3 1 0.04
aAssessed by the question “Do you currently smoke?”
bExamples include bupropion or varenicline.
cRefers to current use.
CI, confidence interval; NRT, nicotine replacement therapy.
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Our intervention failed to impact smoking relapse
rates for individuals who had quit at the 12-month
assessment, although the low number of observations
precludes meaningful statistical comparison. These
relapse rates were also in keeping with relapse rates of
10% noted in the Danish trial.11 It should be noted that,
although stay-quit support is generally made available
through the cessation program used in this trial, no
proactive enrollment or counseling follow-up was built
into the intervention, and the sample size for this anal-
ysis was small. We are not aware of any investigations
reporting on the effectiveness of stay-quit support in the
lung cancer screening environment, but we suggest that
such approaches may offer additional benefits to
screening participants.

Other randomized trials of smoking cessation in-
terventions have been performed in this setting,
although these have been limited in statistical power or
intensity of the interventions.5,13–15 One preliminary
report noted the short-term success of a telephone-
based intervention.16 This approach and others are be-
ing investigated in larger trials.17 The difficulty of
exhibiting increased smoking cessation rates in
screening programs through the application of in-
terventions otherwise considered effective has been
discussed previously.6,18 It seems that initial and
ongoing participation in a lung cancer screening pro-
gram is associated with increasing abstinence rates
overall, but it remains unclear how additional cessation
support can further improve on these rates.

The strengths of our study included its randomized
design, enrolling all active smokers enrolled in a
screening study regardless of their current motivation to
quit, and a very high rate of follow-up. Its limitations
include the low statistical power of the study and our
population being skewed toward white participants and
the more highly educated group, which may not be
representative of the general population. In addition, the
intensity of and participation rates in the counseling
programs may not have been high enough to have a
substantial impact on the population as a whole. As re-
ported in our original report, only 42% of individuals in
the active intervention arm had two or more contacts
with the cessation program.6

In conclusion, this randomized trial of an intensive,
telephone-based smoking cessation counseling inter-
vention incorporating lung cancer screening results
could not exhibit a significant increase in quit rates up to
and including 24 months. The routine referral of all
current smokers to telephone-based smoking cessation
counseling programs may not be effective in long-term
heavy smokers above 55 years of age undergoing lung
cancer screening. Nevertheless, smokers enrolled in
screening continue to make efforts to quit while in the
program, and the opportunity remains to support them
in these efforts. Future studies are needed to exhibit the
effectiveness of smoking cessation approaches in this
group of smokers and determine the optimal method(s)
of integrating smoking cessation into a lung cancer
screening program.

Acknowledgments
This work was supported by the Alberta Cancer Foun-
dation Transformative Program Grant and Alberta
Health Services, and AlbertaQuits program in-kind sup-
port. This study was funded by the Alberta Cancer
Foundation, which had no role in the study design; in the
collection, analysis, or interpretation of data; in the
writing of the report; or in the decision to submit the
article for publication. The authors thank the following
for their assistance with this study: Jessica Culling, Thi
Kim Oanh Le, Jane Huang, Debra Kasowski, and the
University of Calgary Clinical Research Unit. The corre-
sponding author confirms that he had full access to all
the data in the study and had final responsibility for the
decision to submit for publication.

References
1. Ashraf H, Tønnesen P, Holst Padersen J, Dirksen A,

Thorsen H, Døssing M. Effect of CT screening on smoking

http://refhub.elsevier.com/S2666-3643(20)30143-0/sref1
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref1


February 2021 Smoking Cessation and Lung Cancer Screening 5
habits at 1-year follow-up in the Danish Lung Cancer
Screening Trial (DLCST). Thorax. 2009;64:388–392.

2. Fucito LM, Czabafy S, Hendricks PS, et al. Pairing
smoking-cessation services with lung cancer screening: a
clinical guideline from the Association for the Treatment
of Tobacco Use and Dependence and the Society for
Research on Nicotine and Tobacco. Cancer.
2016;122:1150–1159.

3. Wiener RS, Gould MK, Arenberg DA, et al. An official
American Thoracic Society/American College of Chest
Physicians policy statement: implementation of low-
dose computed tomography lung cancer screening pro-
grams in clinical practice. Am J Respir Crit Care Med.
2015;192:881–891.

4. Minnix JA, Karam-Hage M, Blalock JA, Cinciripini PM. The
importance of incorporating smoking cessation into lung
cancer screening [published correction appears in Transl
Lung Cancer Res. 2018;7(suppl 3):S303]. Transl Lung
Cancer Res. 2018;7:272–280.

5. Iaccarino JM, Duran C, Slatore CG, Wiener RS,
Kathuria H. Combining smoking cessation interventions
with LDCT lung cancer screening: a systematic review.
Prev Med. 2019;121:24–32.

6. Tremblay A, Taghizadeh N, Huang J, et al. A randomized
controlled study of integrated Smoking Cessation in a
lung cancer screening program. J Thorac Oncol.
2019;14:1528–1537.

7. Tremblay A, Taghizadeh N, MacGregor JH, et al. Appli-
cation of lung-screening reporting and data system
versus pan-Canadian early detection of lung cancer
nodule risk calculation in the Alberta lung cancer
screening study. J Am Coll Radiol. 2019;16:1425–1432.

8. National Lung Screening Trial Research Team, Aberle DR,
Adams AM, et al. Reduced lung-cancer mortality with
low-dose computed tomographic screening. N Engl J
Med. 2011;365:395–409.

9. Tammemägi MC, Katki HA, Hocking WG, et al. Selection
criteria for lung-cancer screening [published correction
appears in N Engl J Med. 2013;369:394]. N Engl J Med.
2013;368:728–736.

10. Alberta HS. AlbertaQuits helpline. https://www.
albertaquits.ca/quitting/phone. Accessed May 20, 2020.

11. Ashraf H, Saghir Z, Dirksen A, et al. Smoking habits in the
randomised Danish Lung Cancer Screening Trial with low-
dose CT: final results after a 5-year screening pro-
gramme. Thorax. 2014;69:574–579.

12. Messer K, Trinidad DR, Al-Delaimy WK, Pierce JP. Smok-
ing Cessation rates in the United States: a comparison of
young adult and older smokers. Am J Public Health.
2008;98:317–322.

13. Marshall HM, Courtney DA, Passmore LH, et al. Brief
tailored smoking cessation counseling in a lung cancer
screening population is feasible: a pilot randomized
controlled trial. Nicotine Tob Res. 2016;18:1665–1669.

14. Clark MM, Cox LS, Jett JR, et al. Effectiveness of smoking
cessation self-help materials in a lung cancer screening
population. Lung Cancer. 2004;44:13–21.

15. van der Aalst CM, de Koning HJ, van den Bergh KA,
Willemsen MC, van Klaveren RJ. The effectiveness of a
computer-tailored smoking cessation intervention for
participants in lung cancer screening: a randomised
controlled trial. Lung Cancer. 2012;76:204–210.

16. Taylor KL, Hagerman CJ, Luta G, et al. Preliminary
evaluation of a telephone-based smoking cessation
intervention in the lung cancer screening setting: a
randomized clinical trial. Lung Cancer. 2017;108:242–
246.

17. Joseph AM, Rothman AJ, Almirall D, et al. Lung cancer
screening and Smoking Cessation clinical trials. SCALE
(Smoking Cessation within the context of lung cancer
screening) collaboration. Am J Respir Crit Care Med.
2018;197:172–182.

18. Tremblay A. Reply and commentary to “Smoking Cessa-
tion interventions in the setting of low-dose computed
tomography: are they effective?” J Thorac Oncol.
2020;15:e61–e62.

http://refhub.elsevier.com/S2666-3643(20)30143-0/sref1
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref1
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref2
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref2
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref2
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref2
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref2
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref2
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref3
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref3
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref3
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref3
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref3
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref3
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref4
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref4
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref4
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref4
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref4
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref5
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref5
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref5
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref5
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref6
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref6
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref6
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref6
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref7
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref7
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref7
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref7
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref7
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref8
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref8
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref8
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref8
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref9
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref9
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref9
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref9
https://www.albertaquits.ca/quitting/phone
https://www.albertaquits.ca/quitting/phone
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref11
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref11
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref11
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref11
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref12
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref12
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref12
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref12
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref13
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref13
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref13
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref13
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref14
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref14
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref14
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref15
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref15
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref15
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref15
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref15
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref16
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref16
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref16
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref16
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref16
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref17
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref17
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref17
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref17
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref17
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref18
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref18
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref18
http://refhub.elsevier.com/S2666-3643(20)30143-0/sref18

	Two-Year Follow-Up of a Randomized Controlled Study of Integrated Smoking Cessation in a Lung Cancer Screening Program
	Introduction
	Materials and Methods
	Results
	Outcomes After 24 Months

	Discussion
	Acknowledgments

	References


