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Abstract: Background: Varenicline has been shown to be an effective and well-tolerated intervention for smoking
cessation in smokers with stable cardiovascular disease (CVD). The objective of this study was to evaluate the costeffectiveness of varenicline and counselling compared to placebo and counselling based on extrapolating the results of a
52-week randomised controlled trial.
Method: A Markov model was developed to simulate the outcomes of smokers with CVD. Outcomes included major
forms of CVD (e.g. Coronary Heart Disease [CHD]) and other key chronic conditions attributable to smoking (e.g. Lung
Cancer). The lifetime costs, Life-Years gained (LY) and Quality-Adjusted Life Years (QALY) were evaluated from a
payer’s perspective in Austria, Hungary and Germany. Additional analyses included a societal perspective, disease subgroup, and both one-way and probabilistic sensitivity analyses (PSA). Costs and outcomes were discounted at 3% per
year.
Results: From a payer’s perspective, the incremental cost-effectiveness ratio per LY (or QALY) gained was 4 112 (5
278), 2 507 (3 183), and 4 567 (5 867) for Austria, Hungary and Germany, respectively. Sub-group analyses
demonstrated that smoking cessation in patients with CHD was more cost-effective than in patients with baseline stroke or
peripheral vascular disease. Sensitivity analysis demonstrated that outcomes were not sensitive to modelling assumptions.
Varenicline was less costly and more effective than placebo from a societal perspective, and more costly and more
effective than placebo in all iterations of the payer PSA.
Conclusions: Varenicline is a cost-effective adjunct to counselling compared to counselling alone in patients with stable
CVD.
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INTRODUCTION
In 2002, the World Health Organization (WHO)
estimated that within the European region, smoking and
tobacco use accounted for approximately 12% of the total
burden of Disability Adjusted Life Years (DALY), a
measure of life years lost due to premature mortality and
years lived in disability [1]. As a result, smoking accounted
for approximately 18 million years of life lost, and was the
second highest contributor in terms of the overall DALY
burden behind high blood pressure (13%) [1]. Of the 45
member countries of the WHO European region, smoking
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was the leading contributor in 31 member states including
Austria (11.0%), Hungary (20.9%) and Germany (13.7%).
Despite measures to control tobacco use the effect of
smoking on public health remains high.
In 2000, the economic burden of smoking within the
European Union (EU) was estimated in the region of 97.7
billion to 130.31 billion, equivalent to 1.04% to 1.39% of
gross domestic product (GDP) [2]. Indirect costs accounted
for half of the total economic cost. Newer members of the
EU such as Hungary may lose the equivalent of 2.7% to 4%
of their national GDP, courtesy of smoking [2]. This
economic loss is felt by smokers and non-smokers, through
higher insurance premiums and lost tax and contributions to
benefit funds [2]. Overall, the burden of smoking affects
many aspects of society.
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For patients with cardiovascular disease (CVD), the
burden of smoking through increased disease and mortality
can be severe. Tobacco dependence has been shown to cause
endothelial cell injury, cell dysfunction and atherosclerosis,
the main underlying physiologic process of most major
forms of CVD [3]. A systematic review of 20 trials studying
secondary prevention of coronary heart disease (CHD) found
a 36% (95% CI 29% to 42%) relative reduction in the risk of
all-cause mortality and a 32% (95% CI 18% to 43%) relative
reduction in the incidence of myocardial infarction amongst
smokers who successfully quit compared to those who did
not. Overall, smoking cessation was found to be as effective
in reducing mortality than alternative secondary prevention
therapies, such as cholesterol lowering [4].
The findings of a recent European-wide survey of risk
factors in patients with CVD, the European Action on
Secondary and Primary Prevention through Intervention to
Reduce Events (EUROASPIRE III) survey, highlighted that
the management of smoking in clinical practice was not as
effective as it could be. Results of the study found that
51.9% of respondents were smokers in the month prior to a
coronary event [5]. Following the index event, the majority
of patients received verbal (90.7%) and/or written (34.6%)
advice to quit smoking, with a minority of patients further
advised to seek professional or pharmacological support
(14.3%) [5]. As a result, 29.8% of persistent smokers
reported taking no action to stop smoking, alongside a
further 11.2% who attempted but subsequently relapsed.
Overall, the prevalence of smoking following the index
event remained high (17.2%) [5].
Studies such as EUROASPIRE [5], and more recently the
European study on Cardiovascular Risk Prevention and
Management in Usual Daily Practice (EURIKA) [6] , have
highlighted the need for better management of lifestyle risk
factors in patients with CVD in primary care.
Disappointingly, in countries such as Austria, Germany and
Hungary, the prevalence of smoking following an index
event is reportedly high (23.8% [6], and 17.2% and 16.6%
[5], respectively). This high incidence may be a result of
inadequate levels of prevention management, which in part
may be due to physician perceived barriers to treatment,
including concerns over prescription costs and lack of
motivation [7].
Strategies to support individuals who are willing to quit
include intervention by pharmacotherapy and behaviour
counselling. Various pharmacotherapies are currently
available including Nicotine Replacement Therapy,
Bupropion and more recent treatments such as the nicotinic
acetylcholine receptor partial agonist; varenicline. A recent
52-week, double-blind, placebo-controlled, randomised trial
evaluated varenicline and counselling versus placebo and
counselling in smokers with stable CVD [8]. Trial
participants consisted of smokers who were willing to
attempt cessation supported by pharmacological support,
having experienced no CVD events during the two months
prior to smoking cessation treatment, and with either a
history of CHD or history of revascularisations. The results
of this study demonstrated that varenicline was effective for
smoking cessation and well tolerated in patients with CVD
[8].

From an economic perspective, over 20 studies have
previously demonstrated that varenicline is a cost-effective
intervention for smoking cessation from both the health care
payer and employers perspective, with incremental costeffectiveness ratio’s ranging from dominance to 18 582 per
Quality Adjusted Life Year (QALY) gained [9]. Recently, a
de novo economic evaluation of smoking cessation treatment
in patients with CVD in Spain, Portugal, Belgium and Italy
extended this evidence base to those with pre-existing
conditions and who are at high risk of morbidity and
mortality [10]. The results of this study highlighted the costeffectiveness of varenicline plus brief counselling compared
to placebo and brief counselling [10]. In settings such as
Austria, Hungary and Germany, the cost-effectiveness of
pharmacotherapy based smoking cessation in patients with
CVD in primary care has not previously been reported.
The aim of this study was to evaluate the costeffectiveness of varenicline and counselling versus placebo
and counselling in German, Austrian and Hungarian smokers
with stable CVD. In a similar fashion to Wilson et al., a
decision analytical model was developed to extrapolate the
results of the previously described randomised placebocontrolled trial [8, 10]. The trial population comprised those
with stable disease having no events in the two months prior
to treatment. Those with a history of CHD and
revascularisations were included. The benefits of abstinence
through pharmacological intervention were evaluated over
the course of a lifetime.
METHODS
Summary
The structure of the model follows that of the previously
published Benefits of Smoking Cessation on Outcomes
(BENESCO) model [11], adapted to better evaluate patients
with stable CVD. A cohort-based Markov model comprising
18 health states representing all major forms of CVD, in
addition to other non-CVD related conditions attributable to
smoking (referred as key conditions hereafter) was
developed. Health states for key smoking-attributable
conditions comprised of lung cancer, chronic obstructive
pulmonary disease (COPD) and mouth cancer. Various
sources of data were used to populate the model, including
country-specific data and data assumed common to all
countries.
The length of each cycle in the Markov model was set to
1-year, chosen to represent the anticipated time between
mutually exclusive events. Results were calculated using a
lifetime horizon of 65 years, chosen to fully appreciate the
benefits in preventing secondary chronic conditions that
require lifelong care. Any subject in the model who reached
the age of 100 years, died in the following cycle.
Major forms of CVD were represented by three diseases;
Stroke, CHD and peripheral vascular disease (PVD). Each
disease was represented in the model by health states for
acute events and stable conditions (i.e. having experienced
previous events). New events within the model included
repeat events that followed the cohort’s previous event
history, such as secondary stroke in patients with a history of
a stroke, and events across diseases such as CHD in patients
with a history of stroke. The characteristics of each disease
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was based on the population in the clinical trial [8]. In brief,
the CHD disease group included subjects with a history of
myocardial infarction and angina pectoris; the stroke group
included subjects with a history of cerebrovascular disease;
and subjects with a history of peripheral arterial disease were
classified in the PVD group.
The cohort entered the model as smokers with stable
CVD, with further stratification by age (35-64 years, 65+
years) and gender. Subjects within each disease were
associated with unique risks and clinical pathways related to
the pathology of their underlying condition.
Clinical Pathway
The risk of disease and mortality was dependent on
current disease state, age, gender and smoking status. For
lung cancer, mouth cancer and COPD, the risk of disease and
mortality were the same across all subjects. Subject’s with
stable CHD, PVD or stroke, could suffer a single non-fatal
acute stroke or CHD event in the model, remain in the stable
disease state, develop a key smoking-attributable disease or
die (all-causes) in a given cycle. Fig. (1) provides a
schematic of the model.
Each state in the model was associated with exclusive
costs, utility weights and mortality risks. Subject’s who
suffered a non-fatal acute event incurred increased costs and
risk of mortality, alongside a reduction in quality of life
related to that condition. Those patients who survived
entered a new health state after one-cycle. For patients who
entered the model with CHD or stroke, the subsequent year
health states represented secondary stable conditions (i.e.
those having survived two stroke events) or co-morbidity in

Fig. (1). Model schematic.
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terms of previous CHD and stroke conditions (i.e. stable
CHD and stroke). For patients with PVD, the subsequent
year health state was represented as a co-morbid state for
PVD and CHD or PVD and stroke.
All subjects regardless of CVD health status could
transition to any of the key smoking-attributable health states
during any cycle in the model. These key conditions were
assumed to be chronic, with subjects remaining within their
chronic health state until death.
Smoking Cessation Treatment
At baseline, subjects were assigned to treatment with
varenicline and counselling, or placebo and counselling with
formulations based on the varenicline and placebo arms of
the clinical trial [8]. In brief, pharmacotherapy included
varenicline at 0.5mg once a day for 3 days, 0.5mg twice a
day for 4 days followed by 1.0mg twice a day for total of 12
weeks. Counselling consisted of 12 weekly clinic visits
lasting a maximum of 10 minutes, in addition to a single
telephone call 3 days after the first visit. For the purpose of
this study, the endpoint of interest was the measure of
continuous abstinence from week 9 through 52, verified by a
measurement of expired air carbon monoxide of less than or
equal to 10 parts per million [8]. In the model, treatments
that have a higher rate of abstinence produce fewer smokers
and more quitters than less efficacious treatments.
Subjects who achieved abstinence at the end of the first
cycle were classified as former smokers; with those
unsuccessful classified as current smokers. During each
proceeding cycle, patients could relapse and resume smoking
thereby retaining the cumulative benefit of smoking
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cessation until the point of relapse. Further disease risks
were adjusted based on their smoking status. Only one quit
attempt was permitted during the life of the model, assumed
at baseline.
Data Assumed Common to All Country Settings
Various parameters within the model were assumed
common to all countries, including baseline characteristics,
efficacy of treatment, the risk of disease and mortality,
relative risk of events based on smoking status, and the risk
of relapses. Common parameters were identified in cases
where a lack of disease-specific data relative to Austria,
Germany and Hungary was found, or in the case of treatment
effect, where country differences were not felt to influence
the effectiveness of an intervention over placebo.
At baseline, the proportion of subjects by disease, agegroup and gender were based on the clinical characteristics
of patients randomised to the varenicline arm of the clinical
trial [8], with 31% of subjects having stable CHD, 8%
having stable stroke and 61% having PVD. The patient
distribution by age was 82% between 35 to 64 years and
18% aged 65 years or older. The gender distribution was
75% male and 25% female [8].
Treatment effect was based on the measure of continuous
abstinence from week 9 through 52, based on the varenicline
and placebo arms of the clinical trial [8]. The results of this
study demonstrated that varenicline in addition to
counselling was more efficacious than placebo plus
counselling, with 19.2% of patients achieving continuous
abstinence up to week 52 (N=355) versus 7.2% (N=359) of
patients receiving placebo [8].
In the absence of country-specific and smoking-specific
data, estimates of risk were obtained from external data
sources to Germany, Austria, and Hungary. These included
the general population risks of mortality, CVD and all key
smoking-attributable conditions. The data provided by these
sources were averaged across individuals who smoke,
previously smoked and never smoked. To determine the risk
of events by smoking status, the incidence of CVD in the
general population was transformed using the classical
attributable-risk formula, as applied in the SAMMEC
(Smoking-Attributable Mortality, Morbidity, and Economic
Cost) and BENESCO models [11, 12]. The function is
defined as follows:

riskAll = riskns  ( prevns + prev fs  RR fs + prevsm  RRsm )
where

prevx is the prevalence of smoking status x
RRx is the relative risk of the outcome in smoking status x
relative to never smokers
risk x is the absolute risk of the outcome per year in smoking
status x
x denotes smoker (sm), former smoker (fs), never smoker
(ns) or all (all) populations of patients with CVD.
For events directly related to the cohort’s previous
disease history (i.e. stroke in subject’s with stable stroke),
the risk of mortality, acute CHD in subject’s with stable

CHD, acute stroke and all key smoking-attributable events,
were based on incidence and prevalence statistics from the
UK general population [13, 14]. Transformations from
general to smoking-specific event rates were undertaken
using the relative risk of an event based on smoking status,
obtained from the Cancer Prevention Study II, a large
longitudinal study of smoking-related mortality risk in the
US [15]. The proportional impact of each status was
obtained through country-specific smoking prevalence rates.
For events across diseases, such as CHD in subjects with
stable stroke, the risk of disease was obtained directly from
the published literature. In all cases, risk values were
assumed independent of age and gender. The annual risk of
CHD and stroke in subject’s with PVD was 19.3% for
current smokers and 13.7% for former smokers [16]. For
those with stable CHD, the annual risk of stroke was 3.9% in
current smokers and 2% in former smokers [17]. For those
with stable stroke, the annual risk of CHD was assumed to
be four-thirds the risk of CHD in patients without a history
of stroke, regardless of smoking status [18].
Following a successful quit attempt, subjects could
relapse and resume smoking during any cycle. The risk of
such events was assumed to decline over time. The annual
risk of a relapse was 6.3% up to five years following
abstinence [19], 2.0% for years 6-10 [20] and 1.0% for
abstinence beyond 11 years [20].
Country-Specific Data
Factors considered specific to each country were
identified based on the availability of data, and the author’s
judgement as to whether parameters may differ significantly
across settings. The factors meeting these criteria included
the cost of intervention, cost of disease management,
smoking prevalence rates, and the all-cause risk of mortality.
The cost of smoking cessation treatment was based on
resource use for pharmacotherapy and counselling, defined
in the study protocol of the clinical trial [8], multiplied by
the local unit cost of treatment for each setting. In the
Austrian, German and Hungarian settings, the cost of
varenicline and brief counselling was 1261, 1168 and
252, respectively, compared to 866 for placebo and
counselling in Austria and Germany and 13 in Hungary. In
the absence of data, the cost of counselling in Austria was
assumed the same as in Germany.
The cost of disease management for each country and
event in the model was collected through a variety of sources
including national data registries and published studies.
Where the cost of disease management could not be
identified, estimates were derived based on the available
costs for other health states in the model. The number of
primary data sources available varied by country. Where
health state costs were missing for all countries, consistent
cost assumptions were applied. Table 1 provides a summary
of the cost by health state in the model.
Common Cost Assumptions
In all settings, the cost of managing stable disease in
subjects who experienced co- morbidities: stroke and CHD,
PVD and CHD, and PVD and stroke could not be sourced,
and therefore were estimated based on the cost of managing
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stable disease in each form of CVD that made-up the comorbid state. The annual cost of care following a CHD event
in subjects with stable stroke (and stroke in subjects with
stable CHD) was assumed equal to the most expensive
health state of stable stroke and stable CHD. The cost of
PVD with either stroke or CHD, was equal to the cost of
PVD in each country multiplied by the ratio of costs between
managing PVD, and PVD and CHD, as reported in a large
claims database analysis in the United States (US) [21].

annual PVD cost of 922 (593x1.54). A similar approach
was taken for mouth cancer, based on the average relative
cost of German and Austrian mouth to lung cancer costs
(ratio=0.81), multiplied by the cost of lung cancer in
Hungary. The cost of disease management was converted
from Hungarian Forint to Euros at an exchange rate of 276 ft
to 1 [24].

From a societal perspective, the cost of lost productivity
due to premature mortality was calculated based on the
average earnings for those between 35 and 64 years old,
reported in each country [22, 23]. Productivity in those aged
65 years or older was zero, assuming the cohort retired aged
65 years.

Other factors assumed to vary by setting included
smoking prevalence as obtained from a report of tobacco
risks factors across the EU [25], and the underlying all-cause
risk of mortality used to inform the risk of cause-specific
mortality in the model, as obtained from respective national
life tables.

Costs from the German Setting

Analysis

For Germany, all other CVD and smoking-attributable
health state costs were identified (Table 1). Sources of data
included diagnosis related groups and national tariff
schemes.

For the base case, the economic and health benefit of
adding varenicline to a 12-week, once weekly, counselling
program measuring cost-effectiveness from the payer’s
perspective was considered. Direct costs associated with
medical treatment as borne by the healthcare provider or
sickness fund were included. A secondary analysis was
conducted from a societal perspective, including indirect
costs. The results of the model are represented by
incremental cost-effectiveness ratio (ICER), measured by the
difference in costs divided by the difference in effectiveness.
All cost values used in the model were reported in Euros for
the year 2010. Cost estimates reported prior to 2010 were
uprated using local inflation indices. Incremental
effectiveness was measured using life year (LY) gained and
quality adjusted-life year (QALY) gained. Cost and
outcomes were discounted at 3.0% per year.

Costs from the Austrian Setting
In Austria, the cost of stable CHD and stable stroke could
not be sourced. In the absence of data, the cost of managing
stable disease was estimated based on the available acute
costs, multiplied by the relative cost of managing stable
disease compared to acute care, for the matching health state
in Germany:

cos t A (stable) = cos t A (acute) 

cos tG (stable)
cos tG (acute)

where,

cos t x (stable) is the cost of stable CHD or stroke care in
Austria (A) or Germany (G),
cos t x (acute) is the cost of acute CHD or stroke care in
Austria (A) or Germany (G).
In doing so, we assumed that the relative cost of acute
CVD to stable CVD in Austria is equivalent to the same
comparison in Germany. All other costs were identified from
the literature, and/or local sources (Table 1).
Costs from the Hungarian Setting
In Hungary, there exist limited resources to estimate the
cost of disease management from the perspective of the
healthcare provider. Health care costs for a variety of health
states were recovered from the National Health Insurance
Fund databases, with costs reflecting drug, medical device,
inpatient and outpatient care. These annual costs included
Lung cancer, COPD, acute and stable CHD, and acute and
stable stroke. Missing costs included PVD and mouth cancer.
In the absence of data, the missing health state costs were
estimated by adjusting the cost of a related health state in
Hungary, by the ratio of costs between the related state and
the missing health states in Germany and Austria. For
example, the cost of PVD was based on the cost of stable
CHD in Hungary, multiplied by the ratio of costs between
PVD and stable CHD, reported in Austria and Germany.
This led to a PVD-to-stable CHD cost ratio of 1.54, and an

Other Country Specific Data

Uncertainty in the outcomes of the model was assessed
using disease subgroup analysis and both one-way and
probabilistic sensitivity analysis (PSA). Subgroup analysis
included the evaluation of each disease; PVD, CHD, stroke.
Sensitivity analyses included; 1) 10-year time horizon, 2) 20year time horizon, 3) the cost of PVD and stroke, and PVD
and CHD equal to either stable stroke or stable CHD,
assuming no additional cost for managing PVD and 4) cost
of stable stroke and CHD co-morbidity assumed equal to the
sum of costs for stable stroke and stable CHD, thereby
assuming patients receive mutually exclusive treatment for
each condition. Outcomes from the PSA included costeffectiveness acceptability curves and cost-effectiveness
planes.
RESULTS
Base Case Results
The costs, LY and QALYs for a cohort of 1000 patients
are summarised in Table 2. Across countries, the incremental
cost of health care management varied between 388 000
and 855 000, with incremental QALYs between 106 and
146. The corresponding incremental LY gained ranged
between 135 and 187. Results for incremental effect and
incremental cost were consistent, with Germany having the
highest cost and effect differences followed by Austria and
Hungary. When including the cost of lost productivity, the
incremental cost of varenicline and counselling versus

Cost-Effectiveness of Varenicline Compared to Placebo

Table 1.

The Open Pharmacoeconomics & Health Economics Journal, 2012, Volume 4 13

Cost of Disease Management by Health Condition and Setting,  2010 Costs
Input (Reference)

Austria

Germany

Hungary

Health Utility

Stroke (First year)

3722
[26]

20 465
[27]

1532
(data on file)

0.15
[28]

Stroke (Subsequent year)

1101
[26]

6055
[27]

2010
(data on file)

0.74
[29, 30]

CHD (first year)

2085
[26]

4955
[31]

1670
(data on file)

0.76
[32, 33]

CHD (subsequent year)

1166
[26]

2782
[34, 35]

593
(data on file)

0.76a

Peripheral Vascular Disease (PVD)

2245
[26]

2832
[34, 35]

922
(assumption)

0.79
[36]

Stroke and CHD co-morbidity (First year)

3722b

20 465b

1670b

0.15b

b

6055

b

728

b

0.74 b

Stroke and CHD co-morbidity (Subsequent year)

1166

PVD and Stroke

3848c

4854 c

1 418 c

0.74 d

PVD and CHD

3848 c

4854 c

1418 c

0.76 d

Lung Cancer

2209
[26]

9344
[34, 35]

3874
(data on file)

0.61
[37]

Mouth Cancer

1818
[26]

7384
[34, 35]

3123
(assumption)

0.78
[38]

COPD

1858
[26]

2244
[39]

815
(data on file)

0.76
[40, 41]

Annual unit cost of Lost productivity

17 394
[22, 23]

15 873
[22, 23]

3 016
[22, 23]

-

Note: aAssumed equal to the health utility of first-year CHD.
b
Maximum of stroke and CHD costs, or the minimum of stroke and CHD health utilities.
c
Cost of CHD adjusted by relative cost of PVD and CHD from Margolis et al., [21].
d
Minimum of PVD and stroke or PVD and CHD health utilities.

placebo and counselling varied between -1 600 000 and 230 000, representing a cost saving in favour of varenicline.
From a payer’s perspective, the ICER ranged between
3000 and 6000 per QALY gained. The ICER for Austria
was in terms of LY gained (or QALY gained) 4 112 (5
278), compared to 2 507 (3 183) and 4 567 (5 867) in
Hungary and Germany, respectively.
Sensitivity Analysis
The results of the one-way sensitivity analysis and
subgroup analysis are summarised in Table 3. By disease,
varenicline was more cost-effective versus placebo in
patients with CHD at baseline, and less cost-effective in
patients with stroke for Hungary and Germany, and patients
with PVD for Austria. Results from the sensitivity analyses
showed marginal changes in ICER across all settings (Table
3).

from a payer’s perspective varenicline and counselling may
increase life expectancy and quality of life, in exchange for
an increase in cost due to drug acquisition and prolonged
time on maintenance treatment, compared to placebo.
Overall, the additional cost of intervention was partially
offset by the gain in life expectancy and reduction in events
over a cohort’s lifetime. The resulting ICERs of Varenicline
and counselling compared to placebo and counselling was 4
112, 2 507 and 4 567 per LY gained and 5 278, 3 183
and  5 867 per QALY gained for the Austrian, Hungarian
and German settings, respectively. From a societal
perspective, varenicline was found to dominate over all
placebo with cost-savings in addition to benefits in LY and
QALYs gained.

DISCUSSION

Results across settings were consistent, with only
marginal variations between countries. This was to be
expected given the need to apply common parameters for
variables such as baseline risk of disease and mortality and
relative risk of events based on smoking status. Variability
between countries in baseline risk was therefore derived
solely through the difference in smoking prevalence. This
difference resulted in variability in smoking specific disease
risks, given that smoking prevalence rates were applied to
disaggregate risks by smoking status.

The aim of the study was to evaluate the costeffectiveness of varenicline and counselling versus placebo
and counselling in patients with stable CVD. In summary,
the results of the decision analytical model demonstrate that

Additional differences included the cost of smokingrelated disease management, and country-specific factors
such as underlying all-cause mortality. In this case, the
higher cost of disease management and improved life

Results from the PSA are shown in Figs. (2, 3). Overall,
varenicline remained cost-effective in all iterations under a
threshold of 12 500 per QALY gained. All iterations
remained in the more costly and more effective quadrant of
the cost-effectiveness plane.
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Modelled Costs and Health Outcome for a Cohort of 1000 Smokers Over a Lifetime

Country

Indication

Total Health
Care Costs

Life
Years

QALY

Incremental
Cost

Incremental
Cost Per
Life- Gained

Incremental
Cost Per
QALY Gained

Incremental
Cost

Incremental
Life-Years
Gained

Incremental
QALY

184.9

144.1

 760,243

 4,112

 5,278

- 1,631,857

135.2

106.5

 338,911

 2,507

 3,183

- 231,063

187.2

145.8

 855,133

 4,567

 5,867

- 1,517,876

Payer

Societal

Austria
Varenicline and
Counselling

 17,730,771

7175

5316

Placebo and
Counselling

 16,970,528

6991

5172

Varenicline and
Counselling

 6,110,250

6094

4511

Placebo and
Counselling

 5,771,339

5958

4405

Varenicline and
Counselling

 32,278,318

7078

5243

Placebo and
Counselling

 31,423,185

6891

5098

Hungary

Germany

Table 3.

Incremental Cost Per QALY Gained

Analysis

Austria

Hungary

Germany

 5,278

 3,183

 5,867

CHD

 3,924

 2,762

 4,452

Stroke

 4,481

 3,388

 10,278

PVD

 6,140

 3,387

 6,127

10-year time horizon

 7,577

 4,583

 6,324

20-year time horizon

 5,614

 3,337

 5,869

PVD/Stroke and PVD/CHD maintenance costs equal to CHD and Stroke maintenance costs

 4,816

 3,103

 5,810

Stroke and CHD co-morbidity equal to sum of costs for Stroke and CHD states

 5,220

 3,124

 5,739

Base Case Analysis
Sub-Group

Sensitivity

expectancy in Germany, compared to Hungary and Austria,
resulted in an increase in life expectancy for patients with
CVD in Germany and more time receiving more expensive
medical care.
Results of the sub-group analysis demonstrated that
smoking cessation with varenicline in subjects with baseline
stable CHD were marginally more cost-effective to treat than
subjects with baseline stroke or PVD. This is due to the high
risk of acute stroke following CHD in smokers compared to
quitters, combined with the high cost of managing the acute
stroke event.
Results of the sensitivity analyses showed little variation
based on alternative assumptions however did show slightly
higher ICERs for shorter time horizons. Results from the
PSA showed that all iterations fell in the more costly and
more effective quadrant of the cost-effectiveness plane.

Furthermore, the relationship between incremental cost and
incremental effect was approximately linear, indicating that
an increase in incremental cost was often associated with an
increase in incremental QALY. In this case, incremental cost
and incremental QALYs were driven by improved life
expectancy. The driver of this was treatment effect.
The model presented in this study is limited by several
factors. Firstly, we permitted one quit attempt during the
time horizon of the model, assumed at baseline. Secondly,
only one additional acute CVD event was modelled. In
clinical practice, patients may undertake multiple quit
attempts, and multiple acute non-fatal events may occur.
Evidence to model the risk of disease beyond a second acute
event is limited, and the relationship between the
probabilities of achieving abstinence based on successive
quit attempts is not well understood in this population. In the
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Fig. (2). Cost-effectiveness plane comparing varenicline and counselling to placebo and counselling from the payer perspective in Austria,
Hungary and Germany.

Fig. (3). Cost-effectiveness Acceptability Curve (per QALY gained) comparing varenicline and counselling versus placebo and counselling
from the payer perspective in the Austria, Hungary and Germany.

absence of data, this was considered beyond the scope of this
study.
Limitations in the evidence base, relating to countryspecific and CVD-specific data sources should also be
considered. To overcome this, various assumptions were
applied in the model and when researching model
parameters. These include the use of common underlying
disease risks for the estimation of smoking-specific and agespecific disease risks by country. In reality, such factors may
vary due to environmental and cultural differences between
countries. Evidence to quantify the direction or magnitude of
such variations was not found.

Missing health state costs were also estimated based on
the available data and assumptions felt to be adequate given
the available information. To test the sensitivity of these
assumptions, sufficiently different yet plausible assumptions
were considered. Results of these analyses demonstrated that
outcomes were not sensitive to our assumptions. However, in
the absence of data, the limitations of such assumptions
should be taken into consideration when evaluating the
outcomes of the model.
The economic impact of CVD may also be
underestimated, through the use of hospital databases and
statistics not specific to patients with CVD. In the former,
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the cost of disease management may be higher than those
used in the model and thus may increase the additional cost
in maintaining those with CVD for longer. In the latter, the
cost of lost productivity as measured from the general
population, may overestimate the cost savings from a
societal perspective, thus changing the cost-effectiveness of
varenicline. In both cases, the expected magnitude of change
in cost parameters is not expected to change the conclusions
of the model.
The results of this economic evaluation closely follow
the results reported by Wilson et al., comparing varenicline
plus counselling to placebo plus counselling in patients with
CVD in Spain, Italy, Portugal and Belgium [10], and the
more general results comparing varenicline to alternative
therapies in various populations, as reported in Zimovetz et
al., [9]. As with Wilson et al., [10], the Markov model
reported in this paper is based on an adjusted version of the
previously published BENESCO model [11], and the
extrapolation of outcomes from a single randomized
placebo-controlled trial for varenicline plus brief counselling
[8]. In contrast to Wilson et al., cost parameters for various
states of morbidity in Austria, Hungary and Germany were
lacking, requiring the use of novel adjustment methods based
on existing or equivalent data from related countries.
In summary, the benefit of smoking cessation in patients
with CVD is a necessary and major component of cardiac
rehabilitation. The risk of further cardiovascular events has
been shown to decline rapidly following smoking cessation,
with some mechanisms of CVD such as increased platelet
activation shown to reverse within days or weeks [42]. In the
short-term patients will benefit from a reduced risk of
mortality. In the long-term, this study has demonstrated that
varenicline and counselling is a cost-effective strategy
compared to placebo and counselling in patients with stable
CVD.
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