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Abstract

Background Smoking cessation medications have been
shown to yield higher success rates and sustained absti-
nence than unassisted quit attempts. In Japan, the treat-
ments available include nicotine replacement therapy
(NRT) and varenicline; however, unassisted attempts to
quit smoking remain common.

Objective The objective of this study was to compare the
health and economic consequences in Japan of using
pharmacotherapy to support smoking cessation with unas-
sisted attempts and the current mix of strategies used.
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Methods A discrete-event simulation that models lifetime
quitting behaviour and includes multiple quit attempts
(MQAs) and relapses was adapted for these analyses. The
risk of developing smoking-related diseases is estimated
based on the duration of abstinence. Data collected from a
survey conducted in Japan were used to determine the
interventions selected by smokers initiating a quit attempt
and the time between MQAs. Direct and indirect costs are
assessed (expressed in 2014 Japanese Yen).

Results  Using pharmacotherapy (NRT or varenicline) to
support quit attempts proved to be dominant when com-
pared with unassisted attempts or the current mix of
strategies (most are unassisted). The results of stratified
analyses by age imply that smoking cessation improves
health outcomes across all generations. Indirect costs due
to premature death leading to lost wages are an important
component of the total costs, exceeding the direct medical
cost estimates.

Conclusions Increased utilisation of smoking cessation
pharmacotherapy to support quit attempts is predicted to
lead to an increase in the number of smokers achieving
abstinence, and provide improvements in health outcomes
over a lifetime with no additional costs.
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Key Points for Decision Makers

The model described in this article makes predictions
for Japanese smokers making multiple quit attempts,
based on individual smoker profiles, sequences of
smoking cessation strategies, time intervals between
quit attempts and relapse.

Increased utilisation of smoking cessation
pharmacotherapy to support quit attempts is
predicted to lead to an increase in the number of
smokers achieving abstinence and provide
improvements in health outcomes over a lifetime
with no additional costs.

The Japanese public health insurance system covers
counselling and prescription medications to support
a quit attempt; however, the current eligibility
criteria for these services limit access to these
services. Expanding public funding for smoking
cessation therapy to allow greater access to smoking
cessation pharmacotherapy may be worthwhile.

1 Introduction

Cigarette smoking is a modifiable risk factor contributing
to premature mortality in Japan, accounting for approxi-
mately 130,000 deaths annually from smoking-related
diseases [1]. The benefits of quitting smoking permanently
have been well-studied, and include the reduction of the
risk of developing smoking-related chronic diseases, as
well as a lower risk of premature mortality [2]. Whilst
smoking prevalence has declined in Japan over the past
decade, 19.3 % (24 million people) of the population were
current smokers in 2013 (32.2 % of men and 8.2 % of
women) [3, 4]. Many current smokers are motivated to
attempt to quit; for example, 24.6 % expressed the desire to
quit smoking in a 2013 National Health and Nutrition
Examination Survey [4].

Current practice guidelines recommend providing
counselling and pharmacotherapy to support quit attempts,
such as high-dose nicotine replacement therapy (NRT)
patches and varenicline [S]. Nicotine replacement patches
(low dose) and nicotine gum are available without pre-
scription, but bupropion is not licensed for smoking ces-
sation in Japan. Attempting to quit unassisted yields lower
overall rates of success and abstinence than when assisted
by smoking cessation medications [6—8]. Whilst the Japa-
nese public health insurance system does cover physicians’
counselling and prescription medications to support a quit
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attempt, the eligibility criteria limit access to these ser-
vices. Each smoker seeking to quit using the public health
insurance system must meet criteria for nicotine depen-
dence (assessed by the Tobacco Dependence Screener [9])
and nicotine use (assessed by the Brinkman Index [10]). As
a result, overall only about 1 % (240,000 smokers) obtain
smoking cessation therapy in Japan each year under the
public health insurance system [11]. For the majority of
smokers in Japan, unassisted quit attempts remain the most
often used smoking cessation strategy [12].

The aim of this study is to assess the potential health and
economic consequences in Japan of utilisation of pharma-
cotherapy to support smoking cessation with varenicline or
NRT. The analyses were conducted from a healthcare
payers’ perspective, with supplemental analyses in which
costs associated with productivity losses due to smoking-
related diseases were estimated. Previous economic models
evaluating the impact of smoking cessation interventions in
Japan have evaluated the impact of a single quit attempt
(SQA) on long-term health and economic outcomes [13—
15]. This study was conducted using a previously published
model developed for the USA with appropriate modifica-
tions to reflect the smoking-related co-morbidities, inter-
ventions used, population characteristics, quit attempt
behaviour and mortality for Japan [16, 17]. This is the first
model developed for Japan that allows smokers to have
multiple quit attempts (MQAs). It makes predictions for
treatment success and smoking outcomes based on indi-
vidual smoker profiles, sequences of smoking cessation
strategies, and the time intervals between quit attempts and
relapses. Japanese adults (N = 1261), who were current or
former smokers at the time of the survey (June 2013),
completed a web-based questionnaire. The sequence of
smoking cessation strategies used in the model was derived
from the data collected from current smokers participating
in the online survey. The equations used for predicting the
time between quit attempts and choice of next modality
were also derived using this very recent Japanese data in
order to align the simulated patterns with real-world
behaviour in Japan.

2 Methods

Our model makes predictions for treatment success and the
development of smoking-related diseases for a cohort of
individual smokers. Each individual can experience MQAs,
switching between the four smoking cessation strategies
available in Japan (varenicline, NRT, behavioural modifi-
cation therapy [BMT] and unassisted attempts). When a
smoker successfully quits, they may relapse and start
smoking, and then after a time interval initiate another
attempt to quit.
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The model framework and the derivation of the risk
functions to estimate the treatment efficacy and to pre-
dict relapse have been previously published [16]. This
discrete-event simulation (DES) was programmed in
ARENA® version 12 (Rockwell Software, Inc., War-
rendale, PA, USA). Details of all of the other parameters
that have been replaced with functions developed
specifically for Japanese smokers are provided in the
Electronic Supplementary Material (ESM). These chan-
ges include developing functions to predict the inter-
ventions selected by smokers initiating a quit attempt
and the time intervals between MQAs using the data
collected from a web-based survey of smokers in Japan
[12]. Furthermore, two additional diseases associated
with smoking (stomach cancer and hepatic cancer) are
now considered in the model. Published sources were
used to derive mortality estimates for smokers and for-
mer smokers in Japan.

In this model, a cohort of individual smokers is created
by sampling from a file of smoker profiles. Each simulated
individual carries a risk profile that includes age, sex, race,
medical history (history of chronic obstructive pulmonary
disease [COPD] or cardiovascular disease), smoking his-
tory (years smoked, age started, reported average number
of cigarettes per day in the past month, reported average
number of cigarettes per day since start of smoking), quit
attempt history (longest period of abstinence in past year,
prior unassisted/medical/non-medical assisted quit attempt,
number of prior quit attempts), Fagerstréom Test for Nico-
tine Dependence (FTND) score and whether there is fre-
quent contact with a smoker.

The simulation starts with each smoker initiating an
attempt to quit smoking. If the attempt is successful (i.e.
abstinence is achieved), a time to relapse is assigned. When
the attempt is a failure (i.e. fails to achieve abstinence), a
time interval until the next attempt to quit and the next
cessation strategy are assigned.

An individual’s smoking status (i.e. current vs. former
smoker) impacts the risk of developing smoking-related
diseases. Relative to a current smoker, the risk is lower for
a former smoker, and the level of risk reduction is also
dependent on the duration of abstinence. Six smoking-re-
lated diseases are considered in this simulation: myocardial
infarction (MI), stroke, COPD, lung cancer, stomach can-
cer and hepatic cancer.

When one of these six smoking-related diseases occurs,
utilities and life expectancy are updated, and the associated
management costs are accrued. Life-years (LYs), quality-
adjusted life-years (QALYs), incidence of smoking-related
diseases, abstinence time and costs were estimated. Lost
wages due to premature mortality caused by smoking-re-
lated diseases were also determined.

Table 1 Model inputs

Baseline characteristics Simulated cohort

Male, % [12] 73.8
Age [years], % [12]
18-34 11.0
35-54 65.5
55-75 23.5
CVD, % [39] 1.1
COPD, % [29] 2.2
FTND score, mean (SD) [12] 3.9 (2.3)
Years smoked, mean (SD) [12] 234 (7.2)
Number of prior quit attempts, mean (SD) [12] 1.5 (2.3)

Intervention Quit attempt cost
(¥; 2014 values) [5]

Varenicline 65,510

NRT 43,620

BMT 9620

Unassisted 0

Smoking-related Annual costs (¥; 2014 values) Utilities

diseases [44, 45]

MI 1,036,000 0.88 [38]

Stroke 1,780,000 0.56 [47]

COPD 678,000 0.79 [27]

Lung cancer 3,381,000 0.87 [38]

Stomach cancer 1,610,000 0.87 [38]

Hepatic cancer 2,499,000 0.87 [38]

¥ Japanese yen, BMT behavioural modification therapy, COPD
chronic obstructive pulmonary disease, CVD cardiovascular disease,
FTND Fagerstrom test for nicotine dependence, MI myocardial
infarction, NRT nicotine replacement therapy, SD standard deviation

2.1 Data Sources

The simulated cohort key baseline characteristics, cost
inputs and utilities are provided in Table 1. For one sce-
nario, referred to as “market mix”, each smoker initiates a
quit attempt with one of four cessation strategies used by
current smokers: varenicline (4.6 %), BMT (1.5 %), NRT
(21.4 %) or unassisted (72.5 %). This distribution was
based on the web-based survey results for current smokers
conducted in Japan [12]. Unassisted quit attempts were the
most common cessation strategy.

For the other scenarios, all smokers in the cohort initiate
the first quit attempt with the same smoking cessation
strategy. The cessation strategy for subsequent quit
attempts is estimated, conditional on each individual’s quit
attempt history profile (number of prior attempts and pre-
vious cessation strategies), by applying a function derived
from the same web-based survey of current and former
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smokers (parameter estimates are provided in ESM
Table S1). The time intervals between quit attempts are
estimated based on this survey, and are conditional on sex
and the number of attempts (parameter estimates are pro-
vided in ESM Table S2).

The functions developed to estimate the outcome of a
quit attempt with varenicline or NRT and also a relapse in
the first year are based on five 52-week varenicline clinical
trials and have been previously published [16] (details of
the logistic regression to estimate quit attempt outcome are
in ESM Table S3). Each of these clinical trials included a
12-week treatment period and a 40-week follow-up period.
A quit attempt was considered to be successful if the
subject was abstinent during weeks 9—12 of these studies
[18-22]. This criteria was commonly used for the primary
endpoint of varenicline in clinical studies. As in the pre-
vious model, BMT and unassisted quit attempt probabili-
ties have an additional odds ratio term (0.552 [23] and
0.171 [24] vs. varenicline, respectively); however, these
values were obtained from Japanese studies to better reflect
their outcomes and applied to modify the prediction of the
quit attempt outcome from the logistic regression.

Each of the varenicline clinical trials included a 40-week
follow-up period to check whether the patients who suc-
cessfully quit had a relapse. The relapse risk in the first year
following a successful quit attempt was derived from these
follow-up periods (ESM Table S4). The predictors of relapse
in the first year include age, measures of smoking history
(e.g. number of years smoked), frequent contact with smokers
and a history of COPD [16]. Older former smokers are at
lower risk of relapse, but starting smoking at an older age
increases the risk to relapse, as do smoking for a longer time
and at a higher frequency or COPD. After the first year,
annual probabilities of experiencing a relapse were applied:
14.5 % in year 1; 2.8 % in years 2-5; 2.1 % in years >5 [25].

The impact of smoking cessation on the incidence of
each smoking-related disease is estimated taking into
consideration the individual’s age and duration of absti-
nence. The relative risk of each disease for a former and
current smoker is derived using a published model [26].
The risk of developing each smoking-related disease is
lower for former smokers than for current smokers, and
continues to decrease the longer abstinence is sustained.
The hazards for developing the smoking-related diseases
for current and former smokers (Acygent aNd  Aformer
respectively) are determined as follows (Egs. 1 and 2):

)tcurrent - /Inever X RRcurrent (l)
)vformer = /lnever X RRformer (2)

where Apever 18 the hazard among never smokers, RR i ren
is the relative risk among current smokers and RRgopmer 18
the relative risk among former smokers.
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RR¢ormer during the simulation is determined for each of
the smoking-related diseases as a function of the individ-
ual’s age and duration of abstinence using the model
published by Hoogenveen et al. [26] (disease-specific
coefficient estimates were provided in the publication and
are reproduced in ESM Table S5). The coefficient pub-
lished by Hoogenveen et al. [26] for stomach cancer was
assumed to also apply to hepatic cancer, as there are no
Japanese studies on how this risk ratio will change over the
years of abstinence. In order to implement these functions,
the relative risks for current versus non-smokers for each of
the smoking-related diseases and also the hazards for
Japanese non-smokers (never smokers) were derived from
published sources (MI [27], stroke [27], COPD [29], lung
cancer [30-32], stomach cancer [30, 32] and hepatic cancer
[30]). Details are provided in ESM Tables S6 and S7.

Estimates for survival following smoking-related dis-
eases were derived from published sources of data col-
lected in Japan (MI [33, 34], stroke [33], COPD [35], and
lung, stomach and hepatic cancer [36]). (Parameter esti-
mates are provided in ESM Table S8.) Parameters used to
assign a time of death to individuals in the absence of
developing smoking-related diseases (ESM Table S9) are
based on the life tables developed by the Ministry of
Health, Labour and Welfare for Japan [37].

The utility values assigned take into consideration age
and any smoking-related diseases the individual develops
(Table 1). The utility assigned is the minimum of the
individual’s age-dependent utility [16] (see ESM for more
details) and the utility associated with any of the smoking-
related diseases that the individual has experienced up to
that point in time. The values for stroke and COPD were
obtained from studies conducted in Japan, but other values
were from a survey in Korea (2005 Korea National Health
and Nutrition Examination Survey [38]) and the age-de-
pendent decline was from a study in the USA (2000-2002
Medical Expenditure Panel Survey [39]) as there were no
data identified from studies conducted in Japan.

The analyses also considered lost wages due to prema-
ture mortality caused by smoking: these were estimated up
to 75 years of age. Data on labour force participation in
Japan and wages by age 18-75 years were used to estimate
these costs [40-42].

2.2 Analyses

Costs and QALYs are discounted at 3 % per annum. For
each analysis, 500,000 smokers were run through the
lifetime simulation. Several scenario analysis and proba-
bilistic sensitivity analyses were also conducted. Direct
medical costs were assessed from the health care payer’s
perspective in Japan (expressed in 2014 Japanese Yen [¥]).
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Supplemental analyses were conducted from a restricted
societal perspective, in which lost wages were included.

Two scenarios compared the outcomes when each
smoker initiates a quit attempt with one of the cessation
strategies (varenicline or NRT) versus an unassisted
attempt. The outcomes are reported for both when smokers
are limited to an SQA versus being allowed to initiate
MOQAs over a lifetime time horizon.

The third scenario compared a “market mix”, where the
smokers use one of four cessation methods for the first quit
attempt based on the survey results (varenicline 4.6 %, BMT
1.5 %, NRT 21.4 %, unassisted 72.5 %) versus 100 % using
varenicline. Subgroup analyses were conducted to evaluate
the change in results by baseline age categories in order to
provide insight into the policy implications of promoting
smoking cessation in particular age groups. Net monetary
benefit is estimated assuming a willingness-to-pay threshold
of ¥5,000,000 per QALY gained [43].

To account for multivariate and stochastic uncertainty in
the model, a probabilistic sensitivity analysis (PSA) was
performed. The PSA was run for 5000 replications. In each
replication, 1000 patients were simulated for each inter-
vention arm. A summary of the parameters and their dis-
tributions included in the PSA is provided in ESM
Table S10. Only those parameters around which there is
analytical or quantifiable uncertainty were included in the
PSA, and only direct medical costs were considered.
Distributions were selected and fitted according to the
statistical properties of those parameters included.

3 Results

3.1 Pharmacotherapy (Nicotine Replacement
Therapy or Varenicline) Versus Unassisted

Over a lifetime, both pharmacotherapy scenarios are pro-
jected to lead to a net increase in abstinence time, with
3.8 years per patient using NRT, and 5.8 years per patient
using varenicline for the MQA scenario (Table 2). The
increase in abstinence time translates into improved health
outcomes (i.e. lower incidence of smoking-related diseases
and longer life expectancy) and is associated with addi-
tional QALY (discounted QALY gain of 0.07 per patient
with NRT, 0.10 per patient with varenicline). Medication
and monitoring costs are higher, but this is offset by the
lower management costs associated with smoking-related
diseases, leading to savings in direct medical costs. The
incremental cost per QALY gained and the direct medical
cost savings estimated with both NRT and varenicline
versus unassisted quit attempts leads to pharmacotherapy
being dominant (i.e. more effective and with lower costs)
over a lifetime.

Table 2 Comparison of outcomes when the first quit attempt is
supported by nicotine replacement therapy or varenicline versus an
unassisted attempt—single and multiple quit attempt scenarios per
patient over a lifetime

Outcomes Unassisted NRT net Varenicline net
Abstinence time, years
SQA 1.52 1.65 2.89
MQA 9.92 3.79 5.84
Life-years
SQA 28.91 0.12 0.17
MQA 29.26 0.21 0.32
Discounted QALYs
SQA 14.87 0.04 0.05
MQA 14.96 0.07 0.10
Discounted costs (¥)
Smoking-related disease
SQA 3,506,972 —283,579 —311,073
MQA 3,340,219 —323,986 —391,680
Direct medical, total
SQA 3,506,972 —240,128 —245.814
MQA 3,340,219 —152,192 —176,140
Indirect (lost wages)
SQA 6,414,867 —159,640 —122,101
MQA 6,235,857 —198,146 —314,343
Total costs
SQA 9,921,839 —399,768 —367,915
MQA 9,576,075 —350,338 —490,483

Results for unassisted at first attempt are presented in absolute terms,
while results for NRT and varenicline are presented as the difference
from the unassisted SQA or MQA, respectively

¥ Japanese yen, MQOA multiple quit attempts, NRT nicotine replace-
ment therapy, QALYs quality-adjusted life-years, SQA single quit
attempt

The analyses also allow comparison of the predicted
outcomes when single attempts are allowed versus MQAs,
and this illustrated a marked difference in the mean cumu-
lative abstinence time (Table 2). When the first quit attempt
is unassisted, on average, a smoker accrued fewer years of
abstinence time over their lifetime (mean of 1.5 years) when
compared with MQAs (mean of 9.9 years). The impact of
SQAs versus MQAs on other outcomes is smaller—there is
a difference in mean total discounted QALYs of 0.09 over
the course of the simulation with MQAs, and the costs
associated with smoking-related diseases are approximately
5 % higher in the SQA scenario.

3.2 Varenicline Versus Market Mix (Multiple Quit
Attempts [MQAs])

Increased use of varenicline to support quit attempts is
projected to lead to a net increase in abstinence and life
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Table 3 Comparison of outcomes when the first quit attempt uses
100 % varenicline versus the current market mix of interventions
(multiple quit attempts per patient over a lifetime)

Outcomes Market mix Varenicline net

Incidence of smoking-related diseases

COPD 0.26 —0.01

Lung cancer 0.11 —-0.01

MI 0.07 —0.0003

Stroke 0.17 —0.005

Stomach cancer 0.08 —0.0006

Hepatic cancer 0.04 0.0001
Abstinence time, years 11.19 4.56
Life-years 29.30 0.25
Discounted QALY 14.96 0.08
Discounted costs (¥)

Smoking-related disease 3,316,453 —357,587

Direct medical total 3,379,894 —206,095

Indirect (lost wages) 6,148,085 —246,814
Total costs 9,527,979 —452,909

Results for the market mix scenario are presented in absolute terms,
while results for varenicline are presented as the difference from the
market mix strategy

¥ Japanese yen, COPD chronic obstructive pulmonary disease, M/
myocardial infarction, QALYs quality-adjusted life-years

expectancy (mean of 4.6 years abstinence gained per
patient, and 0.25 LYs gained) when compared with the
current mix of strategies being used (Table 3). This is
associated with additional QALYs (discounted QALY
gained 0.08 per patient). Direct medical costs are 6 %
lower due to the lower costs estimated for managing
smoking-related diseases. The incremental cost per QALY
gain and direct medical cost savings estimates leads to
varenicline being dominant over a lifetime. Indirect costs
due to lost wages are an important component of the total
costs, and exceeded the direct medical cost estimates.

Results from the subgroup analyses by age at baseline
are presented in Table 4. Whilst the additional discounted
QALY gains show some small differences by age (ranging
from 0.06 to 0.10 per patient), much more substantial
differences are observed for direct medical and indirect
costs. The direct medical cost savings increase with the age
at which smokers are making an attempt to quit, whereas,
as expected, the indirect cost savings decrease. Net dis-
counted lifetime direct medical costs per patient differ,
with net costs for the youngest subgroup (¥43,409 per
patient, age 20-30 years at baseline) and net savings that
increase with age (up to ¥319,186 per patient, age
>60 years). The abstinence time over a lifetime is higher
for the smokers who were younger when making the first
quit attempt, leading to a lower frequency of smoking-
related diseases, and the associated costs do not offset the
smoking cessation medication-related costs.

Overall, the greater net monetary benefit observed for
the 50- to <60-year age category means this ranks as the
most cost-effective scenario, followed by 40 to <50 years,
>60 years, 30 to <40 years, and 20 to <30 years (Fig. 1).

3.3 Sensitivity Analyses (MQASs)

Sensitivity analyses conducted around the base-case sce-
nario (market mix vs. varenicline) did not have a major
impact on model outcomes. Modifying rates of long-term
relapse (50 %) had a modest impact, with mean LYs
gained per patient ranging from 0.21 to 0.31, and dis-
counted QALYs gained from 0.06 to 0.10. Varenicline
remained dominant over a lifetime, and was associated
with total direct medical savings of ¥159,494 per smoker
with these higher relapse rates. Variation in the probability
of a successful attempt (£25 %) with varenicline had a
larger impact on the health outcomes predicted, with mean
LYs gained per patient ranging from 0.11 to 0.37, and

Table 4 Comparison of outcomes by age category when the first quit attempt uses 100 % varenicline versus the current market mix of

interventions (multiple quit attempts per patient over a lifetime)

Age (years) QALYs Direct costs (¥) Net monetary benefit* Indirect costs (¥)

Market mix VAR net Market mix VAR net Market mix VAR net
20 to <30 21.35 0.058 2,214,242 43,409 246,394 6,804,260 —366,428
30 to <40 19.06 0.076 2,546,561 —47,781 425,678 8,058,944 —384,920
40 to <50 15.91 0.096 3,201,342 —191,731 671,897 7,469,926 —345,057
50 to <60 12.67 0.088 3,773,296 —275,014 717,212 4,891,395 —179,511
>60 9.28 0.062 4,522,490 —319,186 630,685 1,934,117 —58,948

Results for the market mix scenario are presented in absolute terms, while results for varenicline are presented as the difference from the market

mix strategy

¥ Japanese yen, MOA multiple quit attempts, QALYs quality-adjusted life-years, VAR varenicline

* Net monetary benefit = (net QALYs) x ¥5,000,000 — (net direct cost)
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Fig. 1 Varenicline versus ¥800,000

market mix for the first quit
¥700,000

attempt: net monetary benefit
(discounted) by age category.

Net monetary benefit = (net
QALYs) x ¥5,000,000 — (net

direct cost). ¥ Japanese yen,

QALYs quality-adjusted life-
years

Fig. 2 Cost-effectiveness plane
for varenicline (multiple quit
attempts) versus market mix.
QALYs quality-adjusted life-
years

¥600,000
¥500,000
¥400,000
¥300,000 —
¥200,000
¥100,000
¥0 T T T |

20to <30 years

Net Discounted Cost

discounted QALYs gained from 0.04 to 0.12. However,
even with a 25 % reduction in effectiveness, varenicline
remained dominant over a lifetime and was associated with
total direct medical savings of ¥115,804 per smoker.

The cost-effectiveness plane for market mix (MQA)
versus varenicline provided in Fig. 2 with benefits
expressed in QALYs shows a clustering in the lower right
quadrant, meaning that varenicline is less costly but also
more effective than market mix (MQA) in terms of QALY's
gained. Both direct medical costs and benefits are dis-
counted in this graph. As can be seen, this uncertainty
results in a split clustering mainly between varenicline
being cost effective and dominant. On average, the prob-
abilistic analysis shows dominance for varenicline. The
probability of varenicline providing a cost-effective alter-
native to market mix (MQA) is 38 % at a threshold of ¥0
per QALY gained (due to dominating in 38 % of the
replications), 66 % at a threshold of ¥2,500,000 or 71 % at
a threshold of ¥5,000,000 (Fig. 3). Comparable PSA results

30to <40 years 40to <50 years 50to <60 years 60+ years

1,200,000
1,000,000

800,000

0.6 0.8

-800,000

-1,000,000
Net Discounted QALYs

were obtained for varenicline versus unassisted (MQA) and
are provided in ESM Figs. S1 and S2.

4 Discussion

Increased utilization of smoking cessation pharmacother-
apy to support quit attempts is predicted to lead to an
increase in the number of smokers achieving abstinence
and to improvements in health outcomes over a lifetime
with no additional costs. The results from this simulation
indicate that if more quit attempts were supported with
varenicline, there could be an increase in abstinence and
life expectancy when compared with the current mixture of
strategies being used in Japan, where most are unassisted
attempts. The age-stratified analyses implied smoking
cessation improved health outcomes across all ages, and
these benefits are achieved with cost savings from
managing tobacco-related diseases. Indirect costs due to
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Fig. 3 Cost-effectiveness 100%

acceptability curve for

90%

varenicline (multiple quit
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Japanese yen, QALY quality-
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Probability of Cost Effectiveness
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premature death leading to lost wages are an important
component of the total costs, as these estimates exceeded
the direct medical cost estimates. These results were con-
sistent with a previous study conducted by Igarashi et al.
[14], in which adding varenicline to smoking cessation
consultation was found to be dominant, and also the study
by Fukuda [44], which proved that smoking cessation
consultation itself would be dominant to an unassisted quit
attempt. In our model, the increase in healthcare costs other
than for tobacco-related diseases, due to prolongation of
the life expectancy of quitters, were not included. Such
types of “unrelated medical costs” would be important,
especially for smoking cessation treatment, since there are
so many tobacco-related diseases, which implies that the
life-expanding effects due to smoking cessation would be
large. However, according to the Japanese guideline for
health economic analysis (Fukuda [45]), medical costs
should be limited to costs of related diseases. As was noted
in the guideline, small variations of unrelated costs would
mask the difference in related costs, since the number of
unrelated costs may be much bigger than that of related
costs (Igarashi et al. [46]). Therefore, unrelated costs were
excluded from the analyses.

This model reflects smokers’ behaviour while they
attempt to stop smoking entirely, as it allows them to make
MQAs and also allows them, even when successful, to
relapse. The predictions for treatment success and smoking
outcomes consider individual smoker profiles and smoking
cessation strategies, and the time intervals between quit
attempts. Whilst the framework for this simulation has
been previously published [16], two additional diseases
associated with smoking (stomach cancer and hepatic
cancer) have been added to this model. In this simulation,
an individual’s age and duration of abstinence directly
impact the risk of developing the six smoking-related dis-
eases; however, the potential impact of abstinence on the
progression of a complication (e.g. the effect of abstinence
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on the progression of COPD) is not captured. Japanese
studies were identified to estimate the prevalence of these
diseases among non-smokers and the relative risk for
smokers. However, the reduction in the risk ratio applied
for each disease over the years following stopping smoking
was estimated from a study conducted in The Netherlands
by Hoogenveen et al. [26] as no comparable study con-
ducted in Japan has been identified. The model has also
been modified to estimate the lost wages due to premature
mortality caused by smoking, which was not previously
considered.

A key strength of this specific study is how the original
model framework was adapted to allow smokers to have
MQASs using the new prediction equations for sequences of
smoking cessation strategies, and the time intervals
between quit attempts based on the patterns observed in a
recent survey conducted in Japan [12]. The analyses pre-
sented are therefore based on inputs specifically derived for
Japan, and ensure these analyses can be used to inform
decision making related to public funding of smoking
cessation therapies. The important exceptions to note are
that the equations used to estimate success and relapse rates
in the year following initiation of a quit attempt with
varenicline or NRT were unchanged from the earlier pub-
lication (these were derived from an analysis of five clin-
ical trials [16]) and were assumed to apply in Japan. In
addition, utility estimates for some smoking-related dis-
eases were not available from studies in Japan. Sensitivity
analyses are presented, therefore, that explored the impact
of varying the efficacy and relapse assumptions, as well as
utilities.

The Japanese public health insurance system covers
counselling and prescription medications to support a quit
attempt, but the current eligibility criteria for these services
limit access to these services. According to current insur-
ance coverage criteria, the Brinkman Index is calculated by
multiplying smoking years by the number of cigarettes
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smoked per day, and must be over 200. This criterion can
be easily met by older smokers, since they started smoking
many years before; however, it can be a hurdle for younger
people to obtain coverage. In particular, this index makes it
much more difficult for people in their early 20s to be
covered by public health insurance for smoking cessation
treatment. In this study, monetary benefit was positive for
all ages, which implied that smoking cessation treatment
would be cost effective for younger smokers who were not
eligible for insurance coverage with current criteria. The
Brinkman Index could be re-considered in order to enhance
smoking cessation at a younger age.

5 Conclusions

Unassisted quit attempts remain the most common cessa-
tion strategy; however, an increased use of smoking ces-
sation pharmacotherapy to support quit attempts is
predicted to lead to an increase in the number of smokers
achieving abstinence and also to be socially beneficial in
terms of both a reduction in healthcare costs associated
with smoking-related diseases and increased productivity.
Considering an expansion of public funding to allow
greater access to smoking cessation pharmacotherapy may
be worthwhile.
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