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Abstract

Background: There are limited data on the cost-effectiveness of smoking cessation interventions in lung cancer screening
settings. We conducted an economic analysis embedded in a national randomized trial of 2 telephone counseling cessation
interventions. Methods: We used a societal perspective to compare the short-term cost per 6-month bio-verified quit and
long-term cost-effectiveness of the interventions. Trial data were used to micro-cost intervention delivery, and the data were
extended to a lifetime horizon using an established Cancer Intervention Surveillance and Modeling Network lung cancer
model. We modeled the impact of screening accompanied by 8 weeks vs 3 weeks of telephone counseling (plus nicotine re-
placement) vs screening alone based on 2021 screening eligibility. Lifetime downstream costs (2021 dollars) and effects (life-
years gained, quality-adjusted life-years [QALYs]) saved were discounted at 3%. Sensitivity analyses tested the effects of vary-
ing quit rates and costs; all analyses assumed nonrelapse after quitting. Results: The costs for delivery of the 8-week vs 3-
week protocol were $380.23 vs $144.93 per person, and quit rates were 7.14% vs 5.96%, respectively. The least costly strategy
was a 3-week counseling approach. An 8-week (vs 3-week) counseling approach increased costs but gained QALYs for an
incremental cost-effectiveness ratio of $4029 per QALY. Screening alone cost more and saved fewer QALYs than either
counseling strategy. Conclusions were robust in sensitivity analyses. Conclusions: Telephone-based cessation interventions
with nicotine replacement are considered cost-effective in the lung screening setting. Integrating smoking cessation inter-
ventions with lung screening programs has the potential to maximize long-term health benefits at reasonable costs.

Lung cancer is the leading cause of cancer death in the United
States (1). Lung cancer mortality can be reduced by 20%-24%
with screening and treatment of early-stage disease (2,3). Based
on the US Preventive Services Task Force (USPSTF) early recom-
mendations (4), about 8 million individuals in the United States
were eligible for screening, one-half of whom were individuals
who currently smoke (5). The USPSTF recently changed the eli-
gibility criteria to earlier ages and broader cigarette use patterns
(6), increasing the number of smokers who can benefit from ces-
sation services.

Screening can be a teachable moment, providing the
opportunity to motivate individuals who currently smoke to

quit (7-11). Smoking cessation can lower cancer incidence and
overall tobacco-related mortality (12-14), but there are limited
data to guide implementation of smoking cessation programs
in lung cancer screening settings. The telephone-based counsel-
ing approach has been effective in other settings among older
smokers (15-20), smokers who are not ready to quit (21-24), and
smokers who are not actively seeking cessation support
(22,25,26). Telephone counseling can also assist those who are
ready to quit by providing tailored support and information
(23,26-32).

Prior studies have suggested that smoking cessation inter-
ventions offered at the point of screening could be cost-
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effective (13,33-35). However, those investigations used data
from interventions in general populations of smokers and
may not reflect the economic outcomes of telephone counsel-
ing and other interventions implemented in or via referral
from lung cancer screening facilities. Ongoing clinical trials in
the lung screening setting are beginning to provide data on in-
tervention efficacy and will be useful to inform dissemination
and implementation efforts (7). However, the results of these
trials will take years to be known. In this situation, modeling
can be useful to extend early trial results to project population
effects.

We used data from a multisite national randomized trial
(36,37) conducted within the National Cancer Institute–funded
Smoking Cessation at Lung Examination initiative to evaluate
the short-term societal costs of telephone counseling with nico-
tine replacement among individuals receiving lung cancer
screening. Trial data were extended using a well-established
Cancer Intervention and Surveillance Modeling Network
(CISNET) microsimulation model to project the lifetime impact
(12-14,38). The results are intended to inform discussions about
dissemination and integration of cost-effective cessation
approaches for smokers receiving lung cancer screening.

Methods

Georgetown Lung Screening, Tobacco, and Health
Randomized Trial

This trial evaluated the impact of an 8-week vs 3-week
telephone-based counseling intervention with nicotine replace-
ment on smoking cessation among participants recruited be-
tween May 2017 and January 2021 from 8 US lung cancer
screening facilities. Study procedures were approved by the
Georgetown University and Lahey Hospital and Medical Center
institutional review boards. Details of the trial have been pub-
lished elsewhere (36).

Briefly, participants were smokers (cigarettes, cigarillos, or
little cigars) who met the National Comprehensive Cancer
Network’s eligibility criteria for lung cancer screening (aged 50-
80 years with 20þ pack-years) in place of the start of the trial
(39). All participants were eligible for screening under the
USPSTF 2021 guidelines, and so we chose to extend findings
based on the 2021 guidelines (6). Participants were randomly
assigned to either 8 weeks of counseling with an 8-week supply
of nicotine replacement therapy or 3 weeks of counseling with a
2-week supply of nicotine replacement therapy. We used bio-
verified 7-day point prevalence cessation outcomes at 6 months
post random assignment for our main analyses and used
12-month prevalence in sensitivity analyses.

CISNET Simulation Model

We used the CISNET University of Michigan lung cancer smok-
ing and screening model (12-14,38) and the CISNET Smoking
History Generator (40-42) to extend the trial results to project
the lifetime impact of lung screening with 3 vs 8 weeks of tele-
phone counseling and use of nicotine replacement vs screening
alone. Model inputs are summarized on Table 1. The model is a
population microsimulation model that simulates risk of devel-
oping lung cancer on the basis of age and smoking history.
Among those who develop lung cancer, lung cancer–specific
mortality is based on sex, age, histology, and stage. Lung cancer
incidence and mortality can be modified by screening and

smoking cessation in the 2 or more years before cancer develop-
ment, leading to stage shifts and improved survival. At any
time, individuals can die of other-cause competing mortality
because of other tobacco-related conditions (eg, chronic ob-
structive pulmonary disease, cardiovascular disease) or non–to-
bacco-related conditions; smoking cessation may also lower
other-cause mortality (Supplementary Methods, available on-
line). The model has been validated against national lung
screening trials (38) and observed US mortality and incidence
rates (13,43).

We simulated the smoking histories of 1 million men and 1
million women from the 1960 US birth cohort from age 45 to 90
years. We selected this cohort because they have smoking pat-
terns representative of the current US population eligible for
lung cancer screening. We started the simulations at age 45
years to generate the population alive at the time of first eligi-
bility for lung screening. Whereas the model follows each per-
son until death, we report results through age 90 years because
few cases or smokers are alive beyond 90 years. Smoking his-
tory for each person includes age at starting smoking, age at
quitting smoking (if quit), and the number of daily cigarettes
smoked at each age while smoking. These data are used to de-
termine lung cancer screening eligibility. We modeled 100%
screening uptake and adherence under screening eligibility
based on USPSTF 2021 guidelines (6) and 100% participation of
the cessation program.

The trial data were used to estimate cessation rates among
lung screening participants (37). Because the trial did not have a
no-intervention arm, we used self-reported data from the
Tobacco Use Supplement to the Current Population Survey
2018-2019 to estimate rates expected without specific interven-
tion (Supplementary Methods; Supplementary Table 1, available
online) (44). We then applied the relative risk of quitting smok-
ing observed in the trial to this background rate of cessation
(Table 1; Supplementary Table 1, available online).

Costs

Costs were collected from the societal perspective. The tele-
phone counseling cessation interventions were micro-costed
based on delivery costs at steady state and did not include re-
search or development costs. Costs (2021 dollars) included fixed
costs and variable costs per participant (eg, delivering counsel-
ing for cessation and time of the participants in receiving
counseling) and wholesale costs of nicotine replacement ther-
apy (45). Time costs were valued based on US wage rates for the
US Bureau of Labor Statistics (46).

Lung cancer screening and diagnostic costs included
Medicare reimbursement rates for screening and follow-up
procedures (47). Costs of lung cancer treatments by age, stage,
histology, and phase of care (initial, continuing, and terminal)
were based on Surveillance, Epidemiology, and End Results
Program–Medicare data for smokers, with costs inflated to
2021 US dollars using a 3% annual inflation rate (47,48). We
used Medicare costs for all lung cancer screening–eligible indi-
viduals; we did not consider costs of care for other tobacco-
related diseases or patient time costs for screening and
diagnosis.

Utility Values

The age- and sex-specific utilities of smokers without lung can-
cer were based on a recent study (47). Among those who
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developed lung cancer, we added lung cancer–specific utilities
based on age, sex, histology (small cell vs non-small cell), stage
(limited and extended for small cell and I, II, III, IV for non-small
cell) and phase (initial, continuous, and terminal) (47).

Statistical Analyses

We compared the average and incremental short-term costs per
6-month bio-verified quit rate for the 8-week vs 3-week telephone

Table 1. Model input parameters used to project the lifetime health outcomes with a telephone counseling intervention delivery with lung can-
cer screening vs screening alone

Parameters Description Reference(s)

Lung cancer incidence risk A dose-response mechanistic model uses age-spe-
cific smoking history as input to generate age-spe-
cific lung cancer incidence risk

Meza, et al. (74)

Lung cancer histology Based on a multinomial logistic regression predic-
tion model based on the PLCO control arm with
sex, BMI, personal history of cancer, family history
of lung cancer, history of COPD, and smoking his-
tory as predictors

Caverly, et al. (38)

Lung cancer stage Distribution by histology and sex obtained from
SEER 18, 2010-2014 data

Caverly, et al. (38)

Preclinical sojourn time Weibull distribution with shape and scale parame-
ters depending on sex, stage, and histology using
PLCO and NLST data

ten Haaf, et al. (75)

Screening test performance Sensitivity of low-dose computerized tomography
screen by stage, histology, and screening round;
modified to
reflect Lung-RADS; specificity by screening round
from Lung-RADS

ten Haaf, et al. and Pinsky, et al.
(75,76)

Lung cancer–specific mortality Conditioned on sex, age group, histology, and stage
using SEER 18 data and Cancer Survival Analysis
software

Caverly, et al. and Meza, et al.
(38,43)

Other-cause–specific mortality Using the other-cause mortality age output from the
Smoking History Generator

Holford, et al. and Holford, et al.
(40,41)

Screening follow-up and diagnostic
procedures

Probabilities of follow-up testing, diagnostic proce-
dures, complications, and diagnostic mortality
obtained from NLST

Aberle, et al. and Aberle, et al.
(2,77)

Lung cancer treatment costs Age, stage, and phase-specific of care treatment
costs based on SEER-Medicare data from 2000-
2013 inflated to 2021 US dollars with a 3% inflation
rate

Criss, et al., Toumazis, et al. and
Sheehan, et al. (47,48,78)

Screening procedure costs ($) Inflated to 2021 US dollars with a 3% inflation rate Criss, et al., Toumazis, et al. and
Sheehan, et al. (47,48,78)

Baseline utilities Conditioned on sex and age Criss, et al. (47)
Lung cancer–specific utilities Conditioned on lung cancer histology and stage Criss, et al. (47)
Background bio-verified cessation rates

in absence of specific interventionsa,
% (95% CI)

2.62 (2.29 to 3.00) Division of Cancer Control and
Population Sciences (DCCPS) (44)

Smoking cessation bio-verified rates,
% (95% CI)
3-wk counseling 5.96 (3.65 to 8.27)
8-wk counseling 7.14 (4.63 to 9.63)

Smoking cessation intervention
bio-verified relative risk, mean
% (95% CI)b

3-wk counseling 2.27 (1.39 to 3.16)
8-wk counseling 2.72 (1.77 to 3.68)

Smoking cessation intervention costs,
mean (range)c

3-wk counseling $144.93 (116.91-172.96)
8-wk counseling $380.23 (310.80-449.64)

aNational rates of self-reported cessation rates were based on data from the Tobacco Use Supplement to the Current Population Survey 2018-2019 data as 3.97%. To es-

timate bio-verified rates, we applied the ratio of cessation in the RCT of bio-verified to self-reported rates (0.66) to estimate national bio-verified background cessation.

Further details were presented in the Supplementary Methods and Supplementary Table 1 (available online). BMI ¼ body mass index; CI ¼ confidence interval; COPD ¼
chronic obstructive pulmonary disease; Lung-RADS ¼ Lung Imaging Reporting and Data System; NLST ¼ National Lung Screening Trial; PLCO ¼ Prostate, Lung,

Colorectal and Ovarian Cancer Screening Trial; RCT ¼ randomized controlled trial; SEER ¼ Surveillance, Epidemiology, and End Results.
bDerived from observed quit rates in the RCT.
cSee Table 2 for derivation.
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counseling strategy. In sensitivity analyses, we varied quit rates
across the upper and lower bounds of intervention efficacy, com-
binations of cost ranges and efficacy (eg, highest efficacy and low-
est costs; lowest efficacy and highest costs), and bio-verified quit
rates at 12-month follow-up. Additionally, we varied the back-
ground no-intervention quit rates in the Tobacco Use Supplement
to the Current Population Survey over its 95% confidence interval.

The simulation model extended the trial results to evaluate
the impact of the trial’s cessation interventions over a lifetime ho-
rizon. The results were compared across the 3 strategies using in-
cremental cost-effectiveness ratios, where results are arrayed
from the least to the costliest strategies and then the added
quality-adjusted life-years (QALYs) gained in the next-most costly
strategy is divided by its added costs. If a strategy costs more and
has fewer QALYs, it is considered dominated because it would not
be a recommended approach. If a strategy costs less and gains
more life-years, it is considered cost-saving. We used the results
of the sensitivity analysis of short-term costs per quit per trial arm
to test the impact of these different assumptions on conclusions
about the incremental ranking and magnitude of costs per QALY.

Results

Short-Term Trial Costs and Costs per Quit

An 8-week telephone counseling intervention accompanied by
nicotine replacement therapy in the setting of lung screening
was 2.6 times more costly per person than a 3-week regimen
with nicotine replacement therapy (Table 2). The time costs of
counselor wages ($107.64 vs $43.31 per person) and differences
in amount of nicotine replacement ($110.16 vs $27.54 per per-
son) accounted for most differences in costs between the 2
strategies. Although the 8-week strategy had a higher quit rate
than the 3-week strategy (7.14% vs 5.96%), it had higher costs
per quit than the 3-week strategy ($5325.35 vs $2431.71). The
added costs of the 8-week strategy resulted in short-term incre-
mental costs per quit of $19 940.68 (range ¼ $2305.02-$33 952.04
across sensitivity analyses) (Table 3).

Lifetime Impact of Counseling and Screening

When the costs and quit results of the 2 counseling intervention
strategies delivered in the setting of lung cancer screening were
extended over the lifetime and compared with screening alone,
both 3-week and 8-week strategies cost less and saved more
QALYs than screening alone (Table 4). Compared with 3 weeks
of counseling, the incremental costs per additional QALY gained
of 8-week counseling approach was $4029 per QALY, and
screening alone was dominated. These results were robust
when examining lung cancer deaths averted or life-years saved
(Supplementary Table 2, available online), assuming the lowest
quit rates and/or highest costs for counseling (Figure 1), or as-
suming the highest background quit rate without intervention
(Figure 1) or using bio-verified quit rates at 12-month follow-up
(Supplementary Table 3, available online).

Discussion

This is the first study, to our knowledge, to conduct an eco-
nomic evaluation of a large, national clinical trial of a telephone
counseling intervention for smokers at the time of lung cancer
screening and to use those data to project the lifetime costs and
effects. The costs of the intervention program were modest and

primarily driven by counselor time costs and provision of nico-
tine replacement therapy to smokers at no cost. Combined with
screening, the modest quit rates seen in either a 3-week or 8-
week telephone counseling program with nicotine replacement
led to lower costs and more QALYs than screening alone. The
added costs of using an 8-week (vs 3-week) counseling regimen
was largely offset by higher quit rates, leading to very low incre-
mental costs per QALY saved over a lifetime. These results pro-
vide important evidence for the value of smoking cessation in
the setting of lung cancer screening and underscore the need to
maintain reimbursement policies supporting this approach for
the millions of screening-eligible smokers in the United States.

Previous economic analyses of smoking cessation interven-
tions conducted in health care or community settings have
reported costs per quit of less than $4200 (49-52). We extend
these results to describing cessation intervention costs among
smokers attending lung cancer screening. We found that the
costs per quit of a 3-week telephone counseling regimen ($2432)
in the setting of screening were similar to past reports of costs
in general populations of smokers. The 8-week counseling ap-
proach was slightly more costly ($5325 per quit). The higher
costs we observed compared with earlier reports may be due to
our use of bio-verified rates (vs self-reported in other studies),
having older smokers with higher cigarettes per day (CPD),
lower rates of readiness to quit, our provision of nicotine re-
placement therapy at no-cost to smokers for up to 8 weeks, up
to 8 sessions of telephone counseling, and our costs being in
2021 dollars.

The cessation rates observed in the trial were modest and
somewhat lower than seen in other trials in the health care set-
ting (49-51,53). This is likely because individuals attending lung
cancer screening are older, heavier, and longer-term smokers
than smokers in the general population, the broad inclusion cri-
teria in which over one-half were not ready to quit smoking at
baseline and may have tried cessation interventions before,
making them more refractory to these interventions (7,54).
Other smoking cessation strategies are now being tested to ad-
dress these barriers in the lung screening setting, including 7
other clinical trials in the Smoking Cessation at Lung
Examination collaboration (7,36,55-62). It will be important to
consider the comparative efficacy and costs of a full range of
cessation strategies as data become available.

The costs per QALY for tobacco cessation and lung screening
were similar to or lower than many other cancer screening mo-
dalities. For example, the costs per LYS used to support mam-
mography screening as a covered Medicare benefit was $34 000
to $88 000 in 1989 dollars (63). The costs per QALY of a 10-yearly
colonoscopy for colorectal screening was less than $10 000 in
2007 dollars (64). The costs of per life-year saved associated
with monotherapy of mild to moderate hypertension in noneld-
erly population was $16 000 to $72 000 in 1992 US dollars (65).
These comparisons suggest that adoption and implementation
of smoking cessation programs in the lung cancer screening set-
ting has an acceptable cost at the societal level.

Several of our past modeling studies have assessed the po-
tential impact of hypothetical cessation interventions in the
lung screening setting, and the results suggested that adding a
cessation intervention to lung cancer screening could extend
the benefits of screening alone (12-14,33-35). The current
modeling analysis used actual reported results from a tele-
phone counseling trial and confirmed that the costs per quit of
telephone counseling with nicotine replacement therapy trans-
lated into savings in costs and increases in life-years saved
compared with screening alone. This result is due to the impact
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of modest increases in smoking cessation on both lung cancer
and other tobacco-related mortality rates, including cardiovas-
cular disease, chronic obstructive pulmonary disease, and other
smoking-related cancers (66,67). In addition, cessation results in
a reduction of long-term lung cancer–related costs, which fur-
ther improves cost-effectiveness (13). Given these benefits, the
8-week intervention approach could be considered because it
saved the most QALYs and has a low incremental cost per
QALY.

Although these results highlight the value of considering
long-term health outcomes when investing in implementation
of smoking cessation interventions, they also underscore chal-
lenging issues in implementation of effective cessation strate-
gies. For instance, the costs of delivering telephone counseling

will be borne by health systems, clinics, and quitlines, with a
potential negative impact on their budgets, whereas the bene-
fits and cost offset occur downstream in other sectors of the
health care system (68). New policies and reimbursement strat-
egies will likely be needed to support dissemination and imple-
mentation efforts for smoking cessation and other similar
prevention efforts.

This study has several important strengths. We used data
collected from a randomized clinical trial in the lung cancer
screening setting. One-half of the trial participants were not
ready to quit within the next 30 days (37), similar to the US pop-
ulation of smokers eligible for lung cancer screening (5,12).
Therefore, this study provides unbiased and generalizable
results on the efficacy and costs of a smoking cessation

Table 2. Average per-participant costs of delivery of an 8-week vs 3-week telephone counseling intervention at time of lung cancer screening

Cost categories

8 telephone counseling sessions and 8 wk of NRT 3 telephone counseling sessions and 2 wk of NRT

Time, h (rangea) Cost, $ (rangea) Time, h (rangea) Cost, $ (rangea)

Variable costs
Staff time

TTS time preparing and providing
counseling at $24.89/hb

4.33 (2.88-5.77) $107.64 ($71.76-$143.52) 1.74 (1.16-2.32) $43.31 ($28.87-$57.74)

Lung screening navigator time call-
ing patient before lung screening
and provided information on in-
tervention at $24.23/hb

0.08 (0.06-0.11) $2.02 ($1.35-$2.69) 0.08 (0.056-0.11) $2.02 ($1.35-$2.69)

Intervention admin time sending
NRT to patient at $24.23/hb

0.2 (0.13-0.27) $4.85 ($3.23-$6.46) 0.05 (0.033-0.067) $1.21 ($0.81-$1.62)

Clinical psychologist time providing
weekly training to each counselor
at $44.60/hb,c

0.53 (0.36-0.71) $23.79 ($15.86-$31.72) 0.2 (0.133-0.27) $8.92 ($5.95-$11.89)

Clinical psychologist (expert in moti-
vational interviewing) time pro-
viding monthly MI training to each
counselor at $44.60/hb,d

0.267 (0.18-0.36) $11.89 ($7.93-$15.86) 0.1 (0.067-0.133) $4.46 ($2.97-$5.95)

Patient time
Patient time spent in counseling at

$20.31/hb

2.86 (1.91-3.81) $58.07 ($38.72-$77.43) 1.19 (0.793-1.587) $24.16 ($16.11-$32.22)

Telephone costs per patientg 2.86 $0.53 1.19 $0.21
Pharmacotherapy cost
NRT (patches)e 4 boxes $110.16 1 Box $27.54
Mailing fees of NRT79 NA $37.13 NA $9.28

Staff phoneg 2.86 $0.53 1.19 $0.21
Fixed costs

TTS training time ($800þ stipend) 40 $2.25 40 $2.25
Office space at $8.00/ft2/mof NA $17.11 NA $17.11
Internet80

Internet service NA $1.06 NA $1.06
Website maintenance and hosting NA NA NA NA

Printed materials NA $3.18 NA $3.18
Average costs per person $380.23 ($310.80-$449.64) $144.93 ($116.91-$172.96)

aThe range is based is approximately one-third lower or higher than the point estimates (81). MI ¼motivational interviewing; NA ¼ not applicable; NRT ¼ nicotine re-

placement therapy; TTS ¼ tobacco treatment specialist.
bThe median average wage for TTSs, lung screening navigators, intervention administrators, clinical psychologists, and participants were based on the national per

hour wage rate in 2021 by the Bureau of Labor Statistics (46).
cOnce per week, a clinical psychologist provided feedback to each TTS for 60 minutes. On average, a TTS counseled 15 patients per week for each arm. Therefore, the

clinical psychologist’s time per patient for each arm was calculated as (60 min/15 patients) * number of sessions per arm.
dOnce per month, a clinical psychologist who is an expert in motivational interviewing provided feedback to each TTS for 120 minutes (ie, 120/4¼30 min/wk). On aver-

age, a TTS counseled 15 patients per week for each arm. Therefore, the clinical psychologists’ time per patient for each arm was calculated as (30 min/15 patients) *

number of sessions per arm.
eNRT costs is based on 2021 Micromedex RedBook (45) cost of a 2-week supply of NRT patches.
fThe national average office rental rate is $8 ft2/mo (82).We assumed that the TTS’s office space was 121 ft2. The average overhead was based on seeing 60 participants

per month.
gMonthly phone rate of $127.30 per month ($0.187/h) (83). The telephone costs for staff and patients were the phone rate per hour multiplied by the time on the phone.
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intervention in the lung cancer screening setting. Additionally,
the micro-costing approach captures variation across real-
world patients and could be useful to lung cancer screening
sites considering implementation of referral to telephone-
counseling programs across the country. Additionally, we used
a well-established microsimulation model to extend the trial
results over a lifetime horizon (12-14). The model was previ-
ously validated and used to simulate lung cancer screening
strategies for the USPSTF (43).

Despite these strengths, several caveats should be consid-
ered in evaluating our results. Because of the model structure
and purpose of modeling lung cancer, other tobacco-related
conditions are not modeled directly but are captured in other-
cause competing mortality by age, sex, and smoking history.
Therefore, we cannot readily incorporate quality of life and
costs associated with other diseases. Because smoking cessa-
tion leads to lower tobacco-related disease incidence (66),
higher incremental QALYs and lower incremental costs because
of the interventions would be expected if we would consider
quality of life and costs of other tobacco-related illnesses be-
cause of avoidance of or improvement in these diseases.
Furthermore, previous studies have found that anxiety, stress,
and depression ultimately decrease after smoking cessation,
with overall improvements in quality of life (69,70). However,
our model does not include this positive impact of smoking ces-
sation on quality of life, further underestimating the value of
smoking cessation interventions considered in our study.
Therefore, our estimates presented in this study should be

taken as a conservative estimate of the net benefits. Another
limitation is that although we used a conservative 6-month bio-
verified 7-day point prevalence quit rate, we assumed that ces-
sation is maintained over time, that is, individuals who quit
smoking because of intervention will not relapse. Our results
were robust based on 12-month quit rates, but relapse remains
a risk beyond this time point. It will be important to update our
analyses when data on long-term relapse rates become avail-
able from clinical trials in the lung screening setting. In addi-
tion, our analysis did not include sufficient numbers of racial
and ethnic minorities to assess subgroup effects. It will be im-
portant to update results when there are more data for the spe-
cific groups targeted by current lung screening guidelines,
including lighter smokers and African American smokers.
Finally, we assumed 100% screening uptake and adherence in
our model to evaluate the efficacy of the cessation intervention
plus screening. However, screening uptake is far lower than
100% in real-world settings and varies widely by state (71) and
smoking status, with higher uptake among former smokers (72).
Adherence to recommended annual lung cancer screening and
follow-up care also differ by race, baseline screening results,
and type of lung screening programs (73). Hence, it will be im-
portant to evaluate the impact of real-world implementation of
joint screening and cessation programs in the future.

Overall, this study demonstrates that even modest cessation
rates achieved with telephone-based cessation interventions
with nicotine replacement for smokers attending lung screen-
ing can lead to savings in costs and lives compared with

Table 3. Costs per biologically verified 6-month quit rate in an 8-week vs 3-week telephone counseling intervention at the time of lung cancer
screeninga

Strategy
Quit rate per-
cent (95% CI)

Cessation inter-
vention costs dol-

lars (range)
Costs per quit

dollars (range)b

Incremental
quit rate
(range)c

Incremental costs
dollars (range)d

Incremental costs per
quit dollars (range)e

3-wk counseling 5.96
(3.65 to 8.27)

144.93
(116.91-172.96)

2431.71
(1413.66-4738.63)

— — —

8-wk counseling 7.14
(4.63 to 9.63)

380.23
(310.80-449.64)

5325.35
(3227.41-9711.45)

1.18 (0.98-5.98) 235.3
(137.84-332.73)

19 940.68
(2305.02-33 952.04)

aBoth counseling arms were accompanied by nicotine replacement patches. CI ¼ confidence interval.
bRanges for costs per quit were calculated as lower bound of intervention costs

upper bound of quit rate ; upper bound of intervention costs
lower bound of quit rate

� �
:

cRange for incremental quit rate was calculated as (lower bound of 8-week counseling quit rate � lower bound of 3-week counseling quit rate, upper bound of 8-week

counseling quit rate � lower bound of 3-week counseling quit rate), with the assumption that 3-week counseling quit rate was lower than that of 8-week counseling.
dRange of incremental costs was calculated as (lower bound of 8-week counseling costs � upper bound of 3-week counseling costs, upper bound of 8-week counseling

costs � lower bound of 3-week counseling costs).
eIncremental costs per incremental quit ¼ incremental costs/difference in quit rates from 2 arms; the range was calculated as

lower bound of incremental costs
upper bound of incremental quit rate ;

upper bound of incremental costs
lower bound of incremental quit rate

� �
:

Table 4. Model projections of QALYs gained, costs and incremental cost-effectiveness of telephone counseling with lung screening vs lung
screening alone per 100 000 screen-eligible populationa

Strategy Total costs Incremental costsc Total QALYs
Incremental QALYs

gainedc

Incremental cost-
effectiveness

3-wk counseling and screening $1 336 181 421 — 2 245 946 — —
8-wk counseling and screening $1 345 402 980 $9 221 559 2 248 235 2289 $4029
Screening alone $1 351 907 839 — 2 239 056 — dominatedb,c

aAbsolute numbers are per 100 000 screen-eligible population. There are 5109, 5008, and 4977 lung cancer deaths per 100 000 screen-eligible population with screening

alone, 3-week and 8-week counseling, respectively. ICER ¼ incremental cost-effectiveness ratio; QALYs ¼ quality-adjusted life-years.
bScreening alone costs more and yields fewer QALYS than screening with 3-week or 8-week telephone counseling, so it is dominated. In other words, adding telephone

counseling to screening saves both dollars and life-years.
cThe incremental costs and QALYs were calculated against the 3-week counseling and screening arm. Screening alone was omitted in the final ICER calculations be-

cause screening alone was dominated by the 3-week counseling and screening arm.
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screening alone and would be considered very cost-effective.
Moving forward, it will be critical to test the impact of reim-
bursement policies that maximize delivery of smoking cessa-
tion and conduct dissemination and implementation trials to
determine the most feasible and cost-effective smoking cessa-
tion interventions in the lung screening setting.
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