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Lung cancer is the leading cause of death from cancer 
in Canada.1 Low-dose computed tomography (CT) 
screening has been shown to reduce lung cancer mor-

tality and is now recommended for people at high risk.2–5 In 
addition to early detection of lung cancer, a low-dose CT 
screening program provides an opportunity to help current 
smokers quit and to support those who have recently quit, as 
the encounter with the screening program is a teachable 
moment and an opportunity to refer patients for assistance 
with smoking cessation.6–8 Using data from the National Lung 
Screening Trial,2 Tanner and colleagues9 estimated that 
screening and 15 years of abstinence would almost double the 
mortality risk reduction from lung cancer screening alone.

Several clinical trials are underway to test the impact of 
various smoking cessation interventions in the context of 
low-dose CT screening, but their results will not be avail-
able soon.10 In the interim, simulation models can help to 
address the evidence gaps and inform decisions regarding 
implementation of low-dose CT screening. In this study, we 
aimed to estimate the impact of adding a smoking cessa-
tion intervention to a low-dose CT screening program on 
long-term clinical benefits, health system costs and cost-
effectiveness using a microsimulation model.

Methods

Population
In this analysis, we simulated a cohort of people born in 
1940–1974 in Canada and compared their lifetime out-
comes. To compare addition of a smoking cessation inter-
vention with no intervention in the context of low-dose 
CT screening, we modelled a low-dose CT screening pro-
gram for people at high risk in Canada starting in 2020 
using the eligibility criteria for age and smoking history 
recommended by the Canadian Task Force on Preven-
tive Health Care3 (Table 1). Participants were screened 
annually in the model as long as they met the eligibility 
criteria.
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Methods: Using the OncoSim-Lung mathematical microsimulation model, we compared the projected lifetime impact of a smoking 
cessation intervention (nicotine replacement therapy, varenicline and 12 wk of counselling) in the context of annual low-dose CT 
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2.5% permanent quit rate. Sensitivity analyses varied key model inputs. We calculated incremental cost-effectiveness ratios with a 
lifetime horizon from the health system’s perspective, discounted at 1.5% per year. Costs are in 2019 Canadian dollars.

Results: Offering a smoking cessation intervention in the context of lung cancer screening could lead to an additional 13% of smok-
ers quitting smoking. It could potentially prevent 12 more lung cancers and save 200  more life-years for every 1000  smokers 
screened, at a cost of $22 000 per quality-adjusted life-year (QALY) gained. The results were most sensitive to quit rate. The inter-
vention would cost over $50 000 per QALY gained with a permanent quit rate of less than 1.25% per attempt.

Interpretation: Adding a smoking cessation intervention to lung cancer screening is likely cost-effective. To optimize the benefits of 
lung cancer screening, health care providers should encourage participants who still smoke to quit smoking.
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Simulation model
We conducted the analysis using OncoSim-Lung version 
3.3.1 (Canadian Partnership Against Cancer). OncoSim-Lung 
is a mathematical lung cancer microsimulation model.16,17 
Briefly, the model simulates the smoking behaviour of the 
Canadian population, and the lifetime impact of smoking and 
exposure to radon on lung cancer incidence, health care costs 
and all-cause deaths, with or without public health interven-
tions. When simulating smoking behaviour, it attempts to 
replicate the smoking initiation rate of the Canadian popula-
tion starting from age 15 years, as well as the quit rate and 
smoking intensity (light v. heavy smoker) observed in 3 large 
Canadian health surveys (1979 Canada Health Survey, 1994–
1995 National Population Health Survey and 2008 Canadian 
Community Health Survey) (Appendix 1, section A, available 
at www.cmajopen.ca/content/8/3/E585/suppl/DC1).18–20

The tool models the change in smoking rates and inten-
sity across time periods for each age group, by sex and prov-
ince. For instance, age group 15–19 in 1979 corresponds to 
age group 30–34 in the 1994 survey (15 yr later) and age 
group 40–44 in 2004. Survey data from the 1970s are essen-
tial because most people eligible for lung cancer screening in 
2020 (aged 55–74  yr) would have started smoking in the 
1970s. In addition to the 3 surveys, the smoking initiation 
rates were calibrated to match the smoking prevalence by 
5-year age group, sex and province reported in the 2009 
Canadian Community Health Survey.21 Thus, an eligible 

screening population that was as realistic as possible was 
replicated to serve as the basis for projections from 2020.

OncoSim-Lung models the impact of smoking history and 
radon exposure on lung cancer using published risk equations, and 
the model is calibrated to match the lung cancer incidence data 
from the Canadian Cancer Registry22,23 (Appendix 1, section A). 
OncoSim-Lung underwent extensive validation testing to ensure 
that the assumptions in the model were acceptable to Canadian 
lung cancer experts and its projected cause-specific mortality 
reproduced the observed data in the Canadian Cancer Registry. 
For low-dose CT screening, baseline recruitment uptake was set 
at 40%, with linear uptake over 10 years and a rate of adherence 
to subsequent scans of 70% (Table 1); the assumptions were based 
on inputs from those involved in planning implementation of lung 
cancer screening across Canada.

Since the uptake of lung cancer screening is Canada is 
unknown, we conducted a sensitivity analysis varying the 
uptake of screening. When projecting the effects of lung can-
cer screening, OncoSim-Lung reproduces the results of the 
National Lung Screening Trial quite closely, as well as other 
comparable lung cancer microsimulation models.17,24

Statistical analysis

Smoking cessation
The optimal smoking cessation intervention for participants of 
lung cancer screening is unknown. A recent review suggested 

Table 1: Key model inputs for the base case and sensitivity analysis

Input Base case
Sensitivity 
analysis Source

Screening program

Start year 2020

Eligibility criteria* • Age 55–74 yr
• ≥ 30 pack-year 

smoking history

Canadian Task Force 
on Preventive Health 
Care3

Recruitment rate, % 40 20–60 Canadian Partnership 
Against Cancer11

Phase-in period, yr 10 –

Adherence rate, % 70 50–90

Smoking cessation 
intervention

Maximum no. of smoking 
cessation attempts

10 3–20

Quit rate, per attempt, % 2.5 1–10 Iaccarino et al., 201912

Smoking cessation intervention 
cost, per person, $†

630 252–945 Tulloch et al., 201613

Mullen et al., 201514

Lifetime cost of lung cancer 
treatment, $‡

67 100 – Seung et al., 201915

*Current smokers and former smokers who had quit no more than 15 years earlier and had no prior history of lung cancer.
†The smoking cessation intervention costs were varied from base cost (by 40%, 60%, 120%, 150%) because drug prices 
and personnel costs can vary by institution and province. Depending on the level of nicotine addiction, less-intensive and 
less-costly interventions might also be used in practice. The costs of less-intensive smoking cessation interventions 
include different combinations of nicotine replacement therapy, varenicline and counselling.
‡See Appendix 1, section C, for more details.
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that an intervention that includes several counselling visits 
with or without pharmacotherapy is more effective than less-
intensive interventions, such as providing brochures or brief 
counselling.12 Given the uncertainty around the exact smoking 
cessation approach, we conducted extensive sensitivity analysis 
on the smoking cessation costs and quit rates. For the base-
case scenario, we modelled a smoking cessation intervention 
that includes nicotine replacement therapy (nicotine replace-
ment therapy patch + short-acting products), varenicline and 
15-minute weekly counselling sessions for 12 weeks.13,14 Partic-
ipants of low-dose CT screening are offered the intervention, 
up to 10 times, at each screening round if they are still smok-
ing. The number of smoking cessation interventions partici-
pants receive thus varies according to whether they continue to 
smoke and the number of screening rounds attended.

The long-term effectiveness of a smoking cessation interven-
tion embedded in a low-dose CT screening program is cur-
rently unknown; cessation rates at 6–24 months have ranged 
from 8% to 20% in low-dose CT screening clinical studies.12 
For the base-case scenario, we assumed that an optimized smok-
ing cessation intervention would lead to a permanent quit rate of 
2.5% per attempt, in addition to the average background quit 
rate of 3.6% per year, based on data from the 3 large national 
Canadian surveys.18–20 We believed that a 2.5% quit rate would 
be achievable with an intervention that offers multiple sessions 
of counselling and pharmacotherapy.12–14,25 We did not attempt 
to model short-term smoking cessation and relapses because 
reliable data are not available at this level of detail. Also, short-
term cessation is unlikely to have a lasting or major impact on 
long-term health outcomes (lung cancer or all-cause mortality).

The average total cessation rate achieved by integrating a 
smoking cessation intervention within the low-dose CT 
screening program is calculated as the number of smokers 
who quit as a result of the intervention divided by the total 
number of smokers entering the screening program (Appen-
dix 1, Supplemental Table S1). In sensitivity analyses, we var-
ied the quit rate per cessation attempt, number of cessation 
attempts and cost of the cessation intervention (Table 1).

Cost-effectiveness
We conducted the cost-effectiveness analysis from the perspective 
of a public health care system. Costs are reported in 2019 Cana-
dian dollars. In addition to the costs of lung cancer screening and 
the smoking cessation intervention, OncoSim includes costs of 
lung cancer treatment, estimated with the use of administrative 
data for patients with lung cancer in Ontario, supplemented with 
expert opinion (Appendix 1, section C).15 The treatment costs 
included acute care, palliative care and end-of-life care.

The primary outcomes of this analysis are quality-adjusted 
life-years (QALYs) gained and incremental costs. We calcu-
lated QALYs using preference scores for the Canadian popula-
tion and lung cancer health states (Appendix 1, section D).26,27 
We discounted QALYs and costs at 1.5% annually on a life-
time horizon, as recommended in the latest Canadian guide-
line for health technology assessment.28 We also provide 
undiscounted results and results discounted at 3% to aid com-
parison with other studies.

Smoking cessation also affects the risk of death from causes 
other than lung cancer, such as myocardial infarction, stroke, 
chronic obstructive airway disease and other smoking-related 
illnesses. The reduced risk of death from these noncancer dis-
eases is accounted for in the model. To characterize the joint 
uncertainty of the effectiveness and cost of a smoking cessation 
intervention, we conducted a probabilistic sensitivity analysis 
sampling the quit rate and cost of the intervention simultane-
ously 10 000 times (Appendix 1, section E).

Ethics approval
Ethical approval was not required for this mathematical 
simulation.

Results

Offering a smoking cessation intervention in the context of 
annual lung cancer screening for people at high risk could 
potentially lead to an additional 13% of smokers quitting 
smoking permanently. On average, current smokers partici-
pating in lung cancer screening would receive the interven-
tion 5 times. The model projected that adding the cessation 
intervention to low-dose CT screening could prevent 
12 more cases of lung cancer and save 200 more life-years for 
every 1000  smokers screened compared to a screening pro-
gram without a cessation intervention (Table 2).

Table 2: Results comparing the addition of a smoking 
cessation intervention to a low-dose computed tomography 
screening program for lung cancer versus lung cancer 
screening program alone

Variable Result

Outcome per 1000 people eligible for 
smoking cessation intervention*

No. of lung cancer cases prevented 12

No. of life-years gained 200

Outcome per 1000 people eligible for 
smoking cessation intervention* 
discounted at 1.5% per year

Life-years gained 130

QALYs gained 98

Smoking cessation intervention costs, $ 2.8 million

Incremental cost of lung cancer treatments, $ −600 000

Incremental total direct health care  
costs, $†

2.2 million

Incremental cost per QALY gained, $ 22 200

Note: QALY = quality-adjusted life-year.
*Based on base-case screening program that assumes annual screening of 
people aged 55–74 years with 30 pack-year or more smoking history, 60% 
recruitment rate phased in over 10 years and rescreening adherence rate of 
70%; base-case smoking cessation intervention assumes 10 cessation attempts 
with 2.5% quit rate per attempt at a cost of $622 per attempt.
†Includes costs of smoking cessation intervention and lung cancer screening, 
and direct health care costs of treating lung cancer.
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Adding a smoking cessation intervention to lung cancer 
screening was estimated to cost $22 000 per QALY gained 
(Table 2). Screening with a cessation intervention would cost 
less than $50 000 per QALY gained across a wide range of 
potential quit rates (1%–10% per attempt) and smoking ces-
sation attempts (3–20), except when the quit rate was 1% per 
attempt (Figure 1). In a threshold analysis, assuming the inter-
vention cost $630 per attempt and was offered up to 10 times 
to screening participants, the smoking cessation intervention 
cost less than $50 000 per QALY gained as long as the quit 
rate was at least 1.25% per attempt.

One-way sensitivity analyses showed that the cost-
effectiveness of the smoking cessation intervention improved 
with lower intervention costs and higher quit rates (Table 3). 
For example, at a quit rate per attempt of 10%, adding a cessa-
tion intervention to lung cancer screening would lead to 41% 
of smokers quitting smoking over a lifetime and was highly 
cost-effective (incremental cost-effectiveness ratio $600/
QALY gained). Assuming a cost-effectiveness threshold of 
$50 000 per QALY gained, adding a cessation intervention to 
lung cancer screening would be cost-effective as long as the 
intervention cost no more than $1249 per attempt at a quit 
rate per attempt of 2.5% (Figure 2).

In a 2-way sensitivity analysis, when we assumed that the 
quit rate changed according to the intensity of the intervention 

(with a range of 1%–10% for quit rate and $252–$945 for 
intervention cost), the incremental cost-effectiveness ratio 
ranged from $4000 to $38 000 per QALY gained (Appendix 1, 
Supplemental Table S5). For example, a smoking cessation 
intervention that cost $378 and led to 1 more smoker quitting 
permanently for every 100 attempts (1% quit rate per attempt) 
would cost $38 000 per QALY gained.

In a probabilistic sensitivity analysis to characterize the 
joint uncertainty of quit rate and cost of the cessation inter-
vention, screening with the intervention was cost-effective 
80% of the time if the cost-effectiveness threshold was 
$50 000 per QALY gained (Figure 3; Appendix 1, Supple-
mental Figure S1). Since the uptake of lung cancer screening 
is unknown, we simulated different recruitment and adher-
ence rates. Changing the uptake of screening had little 
impact on the cost-effectiveness of screening with a smoking 
cessation intervention (Appendix 1, Supplemental Table S6).

Interpretation

In the context of annual lung cancer screening for people at 
high risk, adding a moderately effective smoking cessation 
intervention to low-dose CT screening could prevent 
12 more lung cancers and save 200 more life-years for every 
1000 smokers screened, as compared to a screening program 
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Figure 1: Incremental costs and quality-adjusted life-years (QALYs) gained for smoking cessation intervention (v. no smoking cessation inter-
vention) at different quit rates and maximum cessation attempts (more results in Table 3), discounted at 1.5% per year, in a lung cancer screen-
ing program with a recruitment rate of 40% and a rescreening adherence rate of 70%. Dotted line represents the cost-effectiveness threshold of 
$50 000 per QALY gained. All except the Q1–10 scenario are below the dotted line, which means that the smoking cessation intervention was 
cost-effective in almost all scenarios in which we varied the quit rates across the plausible range (more results in Table 3). Triangle represents 
the base case (2.5% quit rate up to a maximum of 10 smoking cessation attempts). Q1–10 refers to a scenario with 1% quit rate in which the 
smoking cessation intervention was offered up to 10 times; this scenario had the highest incremental cost-effectiveness ratio (ICER) ($68 000 
per QALY gained). Q10–10 refers to a scenario with 10% quit rate in which the smoking cessation intervention was offered up to 10 times; this 
scenario had the lowest ICER ($600 per QALY gained).



OPEN

 CMAJ OPEN, 8(3) E589

Research

Table 3: Incremental cost-effectiveness of incorporating a smoking cessation intervention into a lung cancer 
screening program for selected smoking cessation scenarios*

Smoking cessation intervention assumptions

ICER, $†

No discount
Discounted at 

1.5%
Discounted at 

3.0%

Base case‡ 15 700 22 200 30 400

Quit rate per attempt

10 attempts

    1% for 10 attempts 50 100 67 900 90 000

    5% for 10 attempts 4700 7700 11 400

    10% for 10 attempts Dominant 600 2200

    2.5% for 5 attempts, then 1% for 5 attempts  20 000 27 800 37 400

    2.5% for 4 attempts, then 1% for 6 attempts 22 200 30 600 41 000

    5% for 5 attempts, then 1% for 5 attempts 7500 11 200 15 800

    5% for 4 attempts, then 1% for 6 attempts 9000 13 100 18 300

3 attempts

    2.5% 15 400 22 400 31 300

    5% 4600 7800 11 800

20 attempts

    2.5% for 5 attempts, then 1% for 15 attempts 21 400 29 300 39 000

    5% for 5 attempts, then 1% for 15 attempts 8300 12 100 16 800

Cessation intervention cost

2.5% quit rate for 10 attempts

    $252 per attempt (40% of base cost) 3000 5000 8000

    $378 per attempt (60% of base cost) 7000 10 800 15 000

    $756 per attempt (120% of base cost) 20 000 28 000 38 000

    $945 per attempt (150% of base cost) 26 000 36 600 49 000

2.5% quit rate for 5 attempts, then 1% for 5 attempts

    $252 per attempt (40% of base cost) 4400 7200 10 600

    $378 per attempt (60% of base cost) 9600 14 000 19 500

    $756 per attempt (120% of base cost) 25 200 34 600 46 300

    $945 per attempt (150% of base cost) 33 000 44 900 59 600

5% quit rate for 10 attempts

    $252 per attempt (40% of base cost) Dominant Dominant 300

    $378 per attempt (60% of base cost) 500 2000 4000

    $756 per attempt (120% of base cost) 7000 11 000 15 000

    $945 per attempt (150% of base cost) 10 000 15 000 21 000

5% quit rate for 5 attempts, then 1% for 5 attempts

    $252 per attempt (40% of base cost) Dominant 500 2,000

    $378 per attempt (60% of base cost) 2100 4100 6600

    $756 per attempt (120% of base cost) 10 200 14 800 20 400

    $945 per attempt (150% of base cost) 14 300 20 100 27 300

Note: ICER = incremental cost-effectiveness ratio.
*Annual screening of people aged 55–74 years with 30 pack-year or more smoking history, 40% recruitment rate phased in over 10 years and 
rescreening adherence rate of 70%. Unless stated otherwise, the base-case settings apply: cessation rate per attempt of 2.5% at a cost of $630 per 
attempt and maximum 10 attempts.
†Compared to screening with no smoking cessation intervention. Monte Carlo uncertainty leads to 95% confidence interval around ICERs of about 
±3% on average.
‡Cessation rate per attempt of 2.5% at cost of $630, maximum 10 attempts.
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without a cessation intervention. At a cost-effectiveness 
threshold of $50 000 per QALY gained, integrating a smok-
ing cessation intervention within a low-dose CT screening 
program would be cost-effective in most scenarios except 
when the permanent quit rate decreased from 2.5% to less 
than 1.25% per attempt, or when the intervention cost more 
than $1249 with a 2.5% permanent quit rate per attempt. Our 
results support adding a smoking cessation intervention into a 
population-based lung cancer screening program in Canada.

Lung cancer screening in a high-risk population has been 
shown to reduce lung cancer mortality and is likely cost-
effective in Canada.2,29–32 Provinces and territories across 
Canada are currently planning or are in the early phase of 
implementing an organized lung cancer screening program. 
Adding a smoking cessation intervention to lung cancer 
screening may further reduce lung cancer mortality and could 
potentially improve the cost-effectiveness of lung cancer 
screening.9,32–34

Earlier analyses of low-dose CT screening did not focus on 
evaluating the cost-effectiveness of a smoking cessation inter-
vention in the context of low-dose CT screening and included 
limited sensitivity analyses on key parameters.32–34 Our study 
aimed to fill this knowledge gap by evaluating the cost-
effectiveness of a smoking cessation intervention across a wide 
range of assumptions regarding the cost of an intervention 
and its effectiveness. Also, treatment patterns for advanced 

non–small-cell lung cancer have changed considerably in 
recent years with the introduction of immunotherapy and tar-
geted oral therapy; our treatment costs reflect current treat-
ment patterns in Canada.15,35

A recent review suggests that the effectiveness of a smok-
ing cessation intervention for patients undergoing low-dose 
CT screening depends on the therapeutic intensity of the 
intervention.12 In particular, less-intensive interventions, such 
as providing brochures or brief counselling, did not appear to 
be sufficient; more-intensive interventions that included sev-
eral counselling visits with or without various pharmacologic 
therapies appeared to be more effective.12 Our threshold anal-
ysis results show that a relatively less effective smoking cessa-
tion intervention that leads to only 1 participant quitting 
smoking for every 100 attempts (1% quit rate per attempt) 
can still cost less than $50 000 per QALY gained as long as 
the intervention costs $477 or less per attempt. For reference, 
the lowest-cost intervention we modelled was $252, which 
would be considered a “more-intensive” intervention in the 
systematic review.12 More than 10 randomized clinical trials 
are currently underway to compare the effectiveness of smok-
ing cessation interventions in the context of low-dose CT 
screening.10,12 Our sensitivity analysis includes the cost of dif-
ferent combinations of smoking cessation intervention and 
quit rates; therefore, our results are likely to be generalizable 
to future trial findings.

$1249

  0  500  1000  1500  2000  2500  3000  3500  4000  4500  5000

1% for 10 attempts

2.5% for 4 attempts, then 1% for 6 attempts

2.5% for 5 attempts, then 1% for 15 attempts

2.5% for 5 attempts, then 1% for 5 attempts

2.5% for 3 attempts

2.5% for 10 attempts

5% for 4 attempts, then 1% for 6 attempts

5% for 5 attempts, then 1% for 15 attempts

5% for 5 attempts, then 1% for 5 attempts

5% for 3 attempts

5% for 10 attempts

10% for 10 attempts

Smoking cessation cost per attempt, $

Figure 2: Cost-effectiveness thresholds of addition of smoking cessation intervention at different quit rates and maximum cessation attempts in 
a lung cancer screening program with recruitment rate of 40% and rescreening adherence rate of 70%. Bars show the maximum cost of the 
intervention which the intervention was still cost-effective, assuming a cost-effectiveness threshold of $50 000 per QALY gained. For example, 
in the base-case scenario (2.5% permanent quit rate per attempt for up to 10 cessation attempts), the smoking cessation intervention would be 
cost-effective as long as it cost $1249 or less per attempt. In the 1% for 10 attempts scenario, the intervention would be cost-effective as long as 
it cost $477 or less per attempt.
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Limitations
Our study has several limitations. First, the optimal smoking 
cessation intervention and the permanent quit rate achievable 
in a population-based low-dose CT screening program are 
unknown.12 Although the quit rate in pilot screening studies 
in Ontario is not yet known, it is encouraging to note that 
over 80% of participants accepted a referral to a smoking ces-
sation service.36 Based on these considerations, we assumed a 
permanent quit rate of 2.5% per quit attempt (13% cumula-
tively over lifetime) and conducted extensive sensitivity analy-
sis on the cost and quit rate of a smoking cessation interven-
tion. Second, we did not include any benefits that might be 
accrued by short-term cessation because reliable data are not 
available. Third, the model captures the benefits of smoking 
cessation on illnesses other than lung cancer, such as cardio-
vascular disease and chronic obstructive pulmonary disease, 
only through its impact on all-cause mortality. A smoking ces-
sation intervention integrated with screening would have been 
more cost-effective if we had accounted for the improved 
quality of life and treatment costs saved through preventing 
complications from other illnesses, such as stroke, lung infec-
tions and heart failure.

Conclusion
Our model projections show that integrating a smoking cessa-
tion intervention into a low-dose CT screening program for 

lung cancer could further reduce the number of lung cancer 
cases and save more life-years, and is likely cost-effective com-
pared to screening alone. To optimize the benefits of lung 
cancer screening, health care providers should encourage 
smokers participating in lung cancer screening to quit smok-
ing at each visit.
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