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Abstract

Aims—To examine the cost-effectiveness of extended smoking cessation treatment in older
smokers.

Design—~Participants who completed a 12 week smoking cessation program were factorial
randomized to extended cognitive behavioral treatment and extended nicotine replacement
therapy.

Setting—A free-standing smoking cessation clinic in the United States.
Participants—402 smokers aged 50 years and older were recruited from the community.

Measurements—The trial measured biochemically-verified abstinence from cigarettes after 24
months and the quantity of smoking cessation services used. Trial findings were combined with
literature on changes in smoking status and the age and gender adjusted effect of smoking on
health care cost, mortality, and qualify of life over the long-term in a Markov model of cost-
effectiveness over a lifetime horizon.

Findings—The addition of extended cognitive behavioral therapy added $83 in smoking
cessation services cost (p =.012, Cl $21-$212). At the end of follow-up, cigarette abstinence rates
were 50.0% with extended cognitive behavioral therapy and 37.2% without this therapy (p <.05,
odds ratio 1.69, Cl 1.18-2.54). The model-based incremental cost-effectiveness ratio was $6,324
per Quality Adjusted Life Year (QALY). Probabilistic sensitivity analysis found that the
additional $947 in lifetime cost of the intervention had a 95% confidence interval of —-$331 —
$2,081; the 0.150 additional QALYSs had a confidence interval of 0.035- 0.280, and that the
intervention was cost-effective against a $50,000/QALY acceptance criterion in 99.6% of the
replicates. Extended nicotine replacement therapy was not cost-effective.

Conclusions—Adding extended cognitive behavior therapy to standard smoking cessation
treatment can be cost-effective.
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Introduction

Methods

Participants

Trial design

Smoking cessation has an incremental cost-effectiveness ratio well below the $50,000 per
Quality Adjusted Life Year (QALY) threshold often used to define cost-effective health care
in the United States. Ratios of less than $10,000/QALY have been reported for brief
physician advice to stop smoking (1), treatment consistent with U.S. guidelines for smoking
cessation (2), and the addition of pharmacotherapies to counseling (3, 4). Systematic reviews
have found that smoking cessation programs that are effective are also highly cost-effective
4-7).

Nicotine dependence is a chronic condition and relapse after treatment is common. A critical
policy question is whether more intensive treatment, sustained over the longer term with
specific interventions for relapse prevention, are also cost-effective. This paper addresses
this question.

Earlier meta-analyses concluded that there was not sufficient evidence to consider relapse
prevention interventions effective (8, 9). A more recent meta-analysis found pharmacologic
interventions and self-help materials can be effective in preventing relapse (5, 10).

There are few economic evaluations of relapse prevention interventions. Mailing booklets to
recent quitters was highly cost-effective (11). A review found that many relapse prevention
trials have not examine resource use, but among those that have studied cost, supplementing
cognitive behavioral relapse prevention with pharmacotherapy, either bupropion,
varenicline, or nicotine replacement therapy (NRT), was cost-effective (12).

We report resource data from a relapse prevention trial. A previous paper reported cognitive
behavioral treatment was effective in preventing relapse in older smokers (13). There was no
significant sustained benefit from nicotine replacement therapy. We now report on the
resource use, cost, outcomes, and cost-effectiveness findings from this trial.

Smokers who were at least 50 years of age and smoked at least 10 cigarettes a day were
recruited from the general public. The trial excluded individuals with life-threatening
conditions, severe medical problems (cardiovascular disease, severe allergies, history of
seizure), or psychiatric problems (life-time bipolar disorder, recent psychiatric
hospitalization or substance abuse treatment, current major depressive disorder, use of
psychiatric medication, suicidal or psychotic symptoms). We focused on older smokers as
they are highly dependent on nicotine (14), are often motivated to quit (15), but have been
neglected by recent treatment studies (13).

All participants entered an initial 12 week long smoking cessation program of group
counseling, NRT (nicotine replacement therapy), and bupropion (13). Counseling included
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five group sessions with content based on self-help materials developed for older smokers.
Nicotine gum was provided at a dose of 2 or 4 mg/day, with the higher dose provided to
those who had used at least 25 cigarettes/day. Sustained release bupropion was prescribed at
150 mg/day for the first week, and in the absence of adverse effects, 300 mg/day thereafter.

After 8 weeks, participants were randomly assigned in a factorial trial of extended NRT (E-
NRT) and extended cognitive behavioral therapy (E-CBT). The four treatment groups
included: no further smoking cessation services, E-NRT, E-CBT, or both interventions.
Randomization was stratified on gender, positive history of major depressive disorder, and
current smoking status. Randomization took place at week 8, before the end of the initial 12
weeks of treatment, in order to provide for the gradual reduction of NRT among those who
were not randomized to receive extended NRT.

Participants randomized to E-NRT were given access to up to 40 additional weeks of
nicotine gum and told to use it when they felt the urge to smoke. Those who were not
randomized to E-NRT were instructed to taper the use of gum at week 8 and to discontinue
its use at week 12,

Participants randomized to E-CBT were offered eleven individual in-person counseling
sessions addressing motivation, social support, dysphoria, dependence/withdrawal, and
weight gain. Sessions were scheduled every two weeks between weeks 10 through 16; every
four weeks during weeks 20 through 36; and every eight weeks during weeks 44 and 52.
Among those who were randomized to both E-NRT and E-CBT, the counselor reinforced
the use of nicotine gum.

Informed consent was obtained under a protocol approved by the University of California,
San Francisco (UCSF) Institutional Review Board. Assessments were conducted regardless
of treatment status. Participants were paid $25 per completed assessment. Data were
collected at baseline and weeks 12, 24, 52, 64, and 104.

This paper is based on self-reported seven-day abstinence from cigarettes verified by carbon
monoxide testing. These abstinence rates are slightly higher than the anatabine/anabasine
verified abstinence in the previous report (13).

Cost assignment

We determined the cost of smoking cessation services and pharmacotherapy received by
study participants from randomization (at week 8) until the end of follow-up. These included
services provided by the study and any additional smoking cessation services received
outside of the study reported by participants. We estimated the cost of NRT based on retail
price. We estimated the cost of bupropion and varenicline as 85% of the average wholesale
price plus a $5 per prescription dispensing fee. We added to the cost of these prescriptions
the Medicare reimbursement for a visit for the prescription of a psychiatric medication in
office-based practice (CPT code 90862).

We estimated the cost of counseling sessions based on the labor cost of counselors,
including a pro-rata share of time spent on activities other than direct patient care, and the
cost of clinic space and overhead, resulting in a cost of $70/hour of patient contact. We
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added an additional cost for the time involved in scheduling sessions, reminding patients of
visits, and recording sessions in medical records.

Individual counseling sessions provided to those randomized to E-CBT lasted from 20 to 40
minutes, and were assigned a cost of $23 to $46 per session.

Statistical methods

Model

We conducted statistical tests for our main analyses, which simultaneously compared E-
CBT to without E-CBT, E-NRT to without E-NRT, and the effect of treatment interaction.
We followed the recommended practice to also contrast the four groups created by the
factorial design (16). Generalized Linear Model (GLM) regressions were used to evaluate
the effect of treatment group assignment on utilization and cost. Utilization of smoking
cessation services, including the number of individual counseling visits and days of
pharmacotherapy were compared with a negative binomial regression because data were
over dispersed (the variance exceeded the mean), rendering the assumption of the Poisson
regression inappropriate. GLM regressions with a log linkage function and gamma
distribution were used to determine whether the cost of smoking cessation services differed
by treatment group, avoiding the inappropriate assumption of normal distribution and
homoscedastic errors (17). Logistic regression was used to compare abstinence outcomes by
treatment group assignment.

The cost of smoking cessation treatment is incurred in the short-term, while most of the
benefit is not realized until years later. We used a model to project the lifetime effect of
smoking cessation on health care cost and outcomes. Our primary outcome of interest was
morbidity adjusted survival, expressed in the standard measure used in cost-effectiveness
analysis, the QALY (Quality Adjusted Life Year). We constructed a Markov model with
two non-absorbing states, smoker and former smoker.

Parameters used in the model are presented in Table 1. Long-term transition rates between
current smokers and former smokers were derived from the literature. We estimated the
long-term spontaneous cessation rate among smokers to be 4.3% per year (18). We
estimated the long-term relapse rates among former smokers to be 15.0% in the first year
after a sustained one-year quit (19) and diminishing in subsequent years (19-22). Mortality
among smokers and former smokers was estimated by adjusting gender and age specific
U.S. mortality rates of never smokers. We used published estimates of the additional hazard
faced by smokers and by former smokers relative to never smokers (23-33). Because this
trial enrolled older smokers, and since there is some evidence that the survival disparity
between current and former smokers varies with age and gender, we used age and gender-
specific estimates of this additional hazard. The model was run in 3 month cycles, the
interval of follow-up assessments in the study. It was calibrated against published studies of
mortality rates among smokers and former smokers (34, 35) and reports of the expected
years lifetime for smokers at the time of a permanent quit (35, 36). The base-case model
estimated that quitting at age 56.7 results in a discounted gain of 1.18 QALYs or 1.35 life-
years, a benefit similar to that found by other models (2, 3, 11, 37, 38).
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Trial data were used to provide the first year cost of smoking cessation services and the
smoking status of each group at the end of follow-up. The model assumed the mean age of
trial participants. We used published estimates of quality of life (39) and health care cost
(34) of former smokers and current smokers that were age and gender specific. These cost
data were from an analysis of data from three U.S. surveys that estimated the effect of
smoking on all health care costs, and not just that attributable to smoking related disease.
We made the simplifying assumption that cost, survival, and quality of life in former
smokers is unaffected by the length of time since quitting.

All future life years, costs, and QALY's were discounted at 3% per annum. Costs were
expressed in 2010 U. S. dollars. The statistical significance of the cost-effectiveness finding
was addressed by conducting a probabilistic sensitivity analysis, a Monte Carlo analysis that
selected 1,000 sets of parameters at random from their estimated probability distributions.
This analysis sampled from parameters used in the model, including: the cost and
effectiveness of E-CBT, population age and gender, relapse rates, excess mortality of current
and former smokers relative to never smokers, and the effect of smoking on health care cost,
as well as the discount rate. Distributions were from trial data and developed in the literature
review. The resulting distribution of ICERs (Incremental Cost-Effectiveness Ratios) reflects
the uncertainty of the estimates of cost and effectiveness from the trial and the uncertainty of
parameters about long-term differences in cost and outcomes between smokers and former
smokers obtained from the literature. An ICER was estimated from each random selection.
Using different thresholds for cost-effectiveness over the range of $10,000-$100,000/
QALY, we found the percentage that was above the threshold (not cost-effective). This
percentage represents the p-value of the test of the statistical hypothesis that the intervention
was cost-effective (40). The model was constructed using commercially available software
(TreeAge 2012). An appendix with a more complete description of the model, input
parameters, and sensitivity analyses is available on online (web citation to be inserted after
consultation with editor).

The trial randomized 402 participants. They were an average of 56.7 years of age and had
been smoking for 37.8 years. The characteristics of the participants are given in Table 2.
There were no significant differences between treatment groups in any of these
characteristics. The table also reports the smoking cessation services provided during the 8
week baseline period, prior to randomization.

Utilization and cost of smoking cessation services

Table 3 provides information on the utilization and cost of smoking cessation services
received after randomization until the end of follow-up at two years. The four columns in
the left half of table 3 correspond to each of the four possible groups in the factor
randomization. The four columns in the right half of the table compare participants who did
and did not receive E-NRT and E-CBT.

Participants randomized to E-NRT received a mean of 648 pieces of nicotine gum during
this period, significantly more than the 7 pieces received by those randomized to the
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condition without E-NRT, as specified in the protocol. Participants randomized to E-CBT
received a mean of 4.4 individual counseling sessions, compared 0.1 sessions in those
randomized to the group without E-CBT, a significant difference also reflecting the
treatment specified in the trial protocol. Individual counseling sessions were a mean of 32
minutes long, with an average cost of $37.56.

There were no significant differences between treatment groups in smoking cessation
services received outside of the study. There were no significant differences in utilization of
smoking cessation services attributable to the interaction of assignment to both E-NRT and
E-CBT.

The table also provides a detailed breakdown of the cost of smoking cessation services
received during the trial. Participants randomized to E-NRT incurred a mean of $436 in
smoking cessation services, compared to $155 among those randomized to the condition
without E-NRT (p <.001). This additional $281 (95% confidence interval $175-$409) in
cost largely reflected the much higher cost for nicotine gum. Participants randomized to E-
CBT incurred a mean of $338 in smoking cessation services compared to $255 in those
randomized to the condition without E-CBT. The $83 extra cost of E-CBT was statistically
significantly different (p=.012, with 95% confidence interval $22-$212).

There were no significant differences between treatment groups in the cost of smoking
cessation services received outside of the study, and no significant additional cost caused by
the interaction of assignment to both E-NRT and E-CBT; the effect of assignment to these
groups on cost was additive.

Trial Findings Used in the Cost-effectiveness Model

Table 4 reports data from the trial that were used to model the cost-effectiveness of E-CBT,
including the cost by treatment group assignment and abstinence status and the percentage
of individuals who were abstinent at the final follow-up visit by treatment group assignment.
Most participants were followed for 104 weeks, but we used 64 or 52 week status if there
was no later follow-up. (There was no significant difference in the proportion of patients
followed by treatment arm). Abstinence status was available for 378/402 (94.0%) of study
participants. At the final visit, 50.0% of those randomized to E-CBT were abstinent from
cigarettes, compared to 37.2% in the group randomized to the condition without E-CBT (p
<.05, odds ratio 1.69, confidence interval 1.18-2.54). There was no significant effect of E-
NRT on abstinence.

Cost-effectiveness model

Patients randomized to E-NRT incurred more costs and had no better outcomes than those
randomized to the condition without E-NRT. Relapse prevention with E-NRT was
dominated, that is, it was not cost-effective.

We modeled the long-term incremental effect of E-CBT on morbidity adjusted survival,
expressed as QALYs. The model employed the quit rates observed at the final follow-up
visit. Using the mean age of trial participants, 56.7 years, the model projected that each
successful quit resulted in a gain of 1.17 QALYS.
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Cost-effectiveness findings

Lifetime health care cost (including smoking cessation services) was $137,013 with E-CBT.
This was $947 more than the $136,066 projected lifetime cost of those without E-CBT. The
model projected that those assigned to E-CBT would enjoy an additional 9.68 QALYsS, or
0.15 more QALYs than the 9.53 QALY of those without E-CBT. The ICER (Incremental
Cost Effectiveness Ratio) was thus$947/0.15 QALY, or $6,324/QALY.

Sensitivity analyses found the results to be highly robust. Ignoring the quality adjustment,
and estimating an ICER using years of life as the measure of effectiveness, the model
projects 13.35 discounted years of life with E-CBT, or 0.17 years more than the 13.18 years
of life for those randomized to be without E-CBT. The corresponding ICER was $5,487/LY.

The most significant parameter was age at treatment initiation. Providing E-CBT at age 50
had an ICER of $1,324/QALY. Providing E-CBT at age 80 had an ICER of $6,843.

We considered the effect of including only the cost of the smoking cessation intervention;
that is, assuming that smoking cessation had no effect on the cost of subsequent health care
services. With this assumption, E-CBT cost $338 or $83 more than the $255 smoking
cessation services without E-CBT. The corresponding ICER was $557/QALY.

A probabilistic sensitivity analysis was used to evaluate the uncertainty of the model
estimates. The 95% confidence interval for the additional cost of E-CBT was —-$331 —
$2,081; the interval for the additional QALY from E-CBT was 0.035- 0.280. Using a
threshold of $50,000/QALY as the criteria for cost cost-effectiveness, the hypothesis that E-
CBT is cost-effective was significant with p = 0.004 (that is, 99.6% of the replicates were
cost-effective at this threshold).

Discussion

This randomized clinical trial determined that a 12 week smoking cessation treatment
followed by Extended Cognitive Behavioral Therapy (E-CBT) was a cost-effective use of
health care resources, with an ICER (Incremental Cost Effectiveness Ratio) of $6,324 per
Quality Adjusted Life Year (QALY). Like other smoking cessation interventions, this is
well below the commonly used threshold for judging cost-effectiveness (the range of
$50,000-$100,000/QALY in the United States).

Extended nicotine replacement therapy added to treatment cost but was not effective. This
intervention was thus dominated by 12 weeks of initial treatment without extended nicotine
replacement therapy. Meta-analyses of smoking cessation trials have found abundant
evidence that nicotine replacement therapy is an effective aid to smoking cessation, but there
is uncertainty about the benefit of extending treatment. This trial did not find any marginal
benefit from extending nicotine replacement therapy. This finding conflicts with recent
meta-analyses, which found nicotine replace therapy effective for relapse prevention (5, 10).

In contrast to the current trial, these meta-analyses did not find cognitive behavioral therapy
to be effective for relapse prevention. The cognitive behavioral therapy intervention in this
trial differed from the intervention tested in other studies. It was more resource intensive,
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with up to 11 individual sessions. In other trials, cognitive behavioral therapy ranged from a
single session to as many as 10 visits, often in group visits or by telephone. Finally, this trial
had greater power to detect the effect of the intervention. It involved more participants,
followed them for a longer period, and had better follow-up rates than many other trials.

We acknowledge several limitations of this study. We did not measure health care cost
during the trial, and relied on the literature for the difference in the cost of health services
used by smokers and former smokers. This limitation may not be a serious one. Had we
gathered these cost data, it would have covered only the first 2 years after randomization.
The cost-effectiveness analysis requires an estimate of lifetime health care costs. These were
projected using literature on the cost of smoking, and a model of the effect of smoking on
survival. A sensitivity analysis that excluded the health care costs of smokers reduced the
incremental cost-effectiveness ratio. This is because our model projects that smoking
cessation increases lifetime health care cost, with the effect of longer life outweighing the
cost savings from reduced smoking-related disease.

We used a simple model with only two non-absorbing health states, current and former
smoker. Its estimate of the benefit of smoking cessation are similar to that of more complex
models that include separate health states for different smoking-related diseases. Our model
projected that each successful quit resulted in a gain of 1.17 discounted QALYSs. This
projection was at the mean age of trial participants, 56.7 years. Other models have projected
the lifetime benefits from smoking cessation in the range of 0.69-2.2 QALY's, with most
estimates at the higher end of this range (2, 3, 11). Other models have reported that the
benefit of smoking cessation is less in older smokers (3).

We applied our trial findings to a simpler, direct method for assessing the cost-effectiveness
of smoking cessation interventions (41). This method values the benefits of smoking
cessation in life years and ignores health care costs other than the cost of the intervention
itself. We applied this method to trial findings. The result was an incremental gain in
effectiveness of 0.13 life years and an incremental cost-effectiveness ratio of $622/LY. With
these same assumptions, our model projects a gain of 0.17 life years and an incremental
cost-effectiveness ratio of $482/LY.

Warner observed that as smoking cessation treatments are made more resource intensive,
they will undoubtedly have higher cost-effectiveness ratios (42). This reflects the economic
law of diminishing marginal returns. This law holds that if enough additional resources are
used in production, less value is generated by each additional dollar of cost. More resource
intensive smoking cessation interventions may still have cost-effectiveness ratios that are
low enough to consider them cost-effective, but Warner found few evaluations of more
resource intensive smoking cessation treatment. There have been few studies in the
following decade to close this gap.

We studied a more resource intensive approach to relapse prevention, extended cognitive
behavior therapy. It had an incremental cost effectiveness ratio of $6,324 per quality
adjusted life year, similar to the ratio found in other studies. For example, brief physician
advice had a cost-effectiveness ratio of less than $5,000 and the addition of
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pharmacotherapy to counseling for smoking cessation had a cost-effectiveness of less than
$2,000 (4).

The incremental cost-effectiveness of smoking cessation treatments is so low that there is
reason to believe that more expensive treatments will still be cost-effective. Research is
needed to identify more intensive and extended treatments, addressing the most refractory
smokers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1
Model parameters obtained from literature review

Parameter Parameter Source

value

Quit rate among current smokers 4.3% (18) (43)

(% per year)

Relapse rate among former smokers after (19-22)

one year of abstinence (% per year)

Year 2 after initial quit 15%
Year 3-5 after initial quit 5%
Year 6-9 after initial quit 2%
Year 10+ after initial quite 1%

Excess mortality relative to never smokers (25, 26, 28,
Female current smokers age 55-74 2.533 %)
Female current smokers age 75+ 1.666
Female former smokers age 55-74 1.411
Female former smokers age 75+ 1111
Male current smokers age 55-74 2.550
Male current smokers age 75+ 1.992
Male former smokers age 55-74 1.326
Male former smokers age 75+ 1.074

Preference-based quality of life (44)
Female moderate smokers age 55-64 0.7815
Female moderate smokers age 65-74 0.7575
Female moderate smokers age 75+ 0.7112
Female former smokers age 55-64 0.8020
Female former smokers age 65-74 0.7802
Female former smokers age 75+ 0.7358
Male moderate smokers age 55-64 0.7648
Male moderate smokers age 65-74 0.7520
Male moderate smokers age 75+ 0.6778
Male former smokers age 55-64 0.7827
Male former smokers age 65-74 0.7709
Male former smokers age 75+ 0.6987

Annual health care cost (2010 $U.S.) (34)
Female current smokers age 51-65 $3,134
Female current smokers age 66+ $10,061
Female former smokers age 51-65 $2,452
Female former smokers age 51+ $9,336
Male current smokers age 51-65 $3,561
Male current smokers age 66+ $7,915
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Parameter Parameter Source
value
Male former smokers age 51-65 $2,592
Male former smokers age 66+ $7,674
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Table 2

Baseline characteristics of study participants (n=402)

SD
Mean age (years) 56.7 (5.8)
Distribution by age group
50 - 55 51.7%
56 — 60 26.4%
61 - 65 13.9%
66 - 70 5.7%
71-75 0.8%
76 -80 1.5%
Male Gender 59.7%
Marital status
Single 17.8%
Married 32.4%
Divorced 29.2%
Race/ethnicity
Caucasian 80.0%
African American 8.1%
Asian Pacific Islander 2.3%
Education
High school 8.8%
Some college 35.5%
Completed college 21.9%
Some graduate work 8.6%
Graduate/professional degree 21.9%
Mean years of smoking 37.8 (8.2)
Mean number of cigarettes smoked per day 215 (8.9)
Lifetime history of major depressive disorder 15.4%
Lifetime diagnosis of alcohol dependence 18.1%
Smoking services received in the 8 weeks prior to
randomization
Physician services (visits) 35 (0.9)
Bupropion (pills) 136.6 (55.6)
Nicotine replacement therapy (pieces) 439.2 (233.6)
Group counseling (sessions) 4.0 (1.5)

Cost (dollars)

598.81 (176.98)
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Table 4
Model inputs based on trial data
Variable Mean [SD]
Treatment effectiveness (% abstinent at end of follow-up)
With E-CBT 50.0
Without E-CBT 37.2
Cost of initial smoking cessation services (2010 $ U.S.)
Sustained abstinence with E-CBT $409.96 [534.33]
Sustained abstinence without E-CBT $339.57 [630.27]
Continued smoking with E-CBT $308.73 [388.85]
Continued smoking without E-CBT $225.27 [381.03]
Male (percent) 60.3
Age (years) 58.7 [5.8]
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Table 5
Lifetime cost-effectiveness model
With Extended puithout
Strategy Cognitive Behavior Cognitive Difference

Therapy Behavior Therapy
Cost
Cost of initial treatment 338 255 83
Discounted cost of health
services 136,675 135,811 864
Total discounted cost 137,013 136,066 947
Outcomes
Discounted
Life Years 13.35 13.18 0.17
Discounted Quality Adjusted
Life Years 9.68 9.53 0.15
Incremental Cost-Effectiveness Ratio (ICER)
$ILY 5,487
$/QALY 6,324
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