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Abstract

Aim: Tobacco use is one of the most serious health problems worldwide and
it’s a preventable addiction; this is why the availability of treatments to quit
smoking represents a great benefit to each individual’s health as to
institutional systems. Given the use of new treatments, particularly
Varenicline, the available choices in Costa Rica must be comparatively
evaluated because it is not clear which therapeutic option is the best and
which generates the best cost-effectiveness ratio. The aim of this study was to
model the cost-effectiveness of the therapeutic options for smoking cessation
available in Costa Rica using the BENESCO model.

Methods: The BENESCO model was used to simulate the morbidity and
mortality of the smoking population of Costa Rica, for both genders, between
18 and 99 years old. In this model, each smoker makes only one attempt to
quit smoking at the beginning of the simulation. The strategies compared
were: Varenicline, Bupropion, Nicotine replacement therapy, self
determination (without intervention) and motivational group-speeches. The
smoking-related diseases taken into account were: acute myocardial infarction,
chronic obstructive pulmonary disease, stroke and lung cancer. The
prevalence, incidence and mortality were obtained and calculated from the
Costarican Social Security’s (CCSS) data base and the Institute of Alcoholism
and Pharmacodependence of Costa Rica (IAFA). The costs of the diseases were
calculated and updated to September, 2008.Deterministic, probabilistic and
sensitivity analyses were carried out.

Results: Of all the strategies for smoking cessation, Varenicline was the
therapeutic alternative with the less mortality and morbidity in the studied
years. Regarding costs, Varenicline was also the less expensive option after the
fifth year. After 2 years, motivational speeches were ¢3.443.167 cheaper than
Varenicline. The intervention with the largest number of quality-adjusted life
years and gained life years was Varenicline. Varenicline was the most effective
option in the cost-incremental analysis, this means, it was clinically the most



Conclusion: The results obtained suggest that Varenicline is the best cost-
effective intervention for smoking cessation in comparison with Bupropion,
NRT, self determination and motivational speeches. It was proven that
Varenicline represents important economic savings for health systems and
health institutes using it, since it reduces morbidity and the costs related to
tobacco-associated diseases.
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Tobacco consumption (TC) is one of the most
serious health issues worldwide, killing one person every
6 seconds. Nowadays, tobacco causes 1 out of 10 adult
deaths worldwide, ie, more than 5 million people each
year. '

Usually, tobacco-related problems are chronic
diseases, resulting in a huge economic impact on health
systems. Between the most important diseases we could
mention lung cancer, Chronic Obstructive Pulmonary
Disease (COPD), coronary artery disease and stroke. 2

In Costa Rica, data from the IAFA’s 2000-2001
National Survey showed a TC prevalence of 29,9% in the
population betweenl12 and 70 years old. In men, a 41,1%
prevalence was found, while an 18,8% prevalence was
found in the female population. *

When comparing data from the 2000 survey with
data from 1995, the average daily cigarette consumption
increased to 12,6 units. Men consumed 13,6 cigarettes a
day and women 10 cigarettes daily. *

In Costa Rica, since 1970, mortality from
cardiovascular disease (CVD) has constituted the main
cause of death for both men and women. 48% of CVD
deaths are because of ischemic coronary disease (ICD),

and two thirds of ICD deaths are because of acute
myocardial infarction (AMI), the leading individual cause
of death for both sexes in Costa Rica; with the majority of
cases occurring in men. *

Most recent rates from Caja Costarricense del
Seguro Social (Costarican Social Security Institution,
CCSS) in relation to AMI are from 2001, and show a
mortality rate of 39,99 deaths per 100 000 inhabitants,
being 46,11 in men and 33,83 in women. >

Regarding malignant tumors, in 2003, these
tumors represented the second death cause in the
costarican population. 6

Data from CCSS in 2003 show that lung cancer
was the third more frequent neoplasia in men, with a
13,1 per 100.000 inhabitants mortality. Mortality in
women was determined as 5,7 per 100.000 inhabitants. ’

In the case of COPD, the mortality rate is 17,86
per 100.000 inhabitants, being 18,25 in men and 17,55 in
women. >

Regarding stroke, it was found that its mortality
rate is 27,72 per 100.000 inhabitants; 25,36 in men and
30,31 in women. >

The first requirement for smoking cessation is
the will to quit. However, the will, by itself, has a low
efficacy, from 1 to 5% in a year, with a relapse rate of
93% after 10 months.



In Costa Rica, the CCSS doesn’t offer any
alternative to quit smoking, but all of the following
alternatives are available in the local market: Varenicline,
Bupropion, Nicotine patches, tablets and chewing gum.

Methods

Table 1 shows each treatment’s characteristics.
The studied population was: women and men from Costa
Rica between 18 and 99 years old in 2001, taken from
the projection made by the National Statistics and
Census Institute of Costa Rica (Instituto Nacional de
Estadistica y Censo, INEC), which was 2.474.028. °

For this study, data was used from actual
smokers, former smokers and non smokers, obtained
from the Institute of Alcoholism and
Pharmacodependence of Costa Rica (Instituto sobre

Alcoholismo y Farmacodependecia, IAFA; table 2).

BENESCO model was used, which has been used
in several studies. ' ™ ¥ The BENESCO model is a
programmed worksheet, which must be filled in order to
perform a simulation that continues a hypothetical
cohort of smokers who made a single attempt to quit at
the beginning of the simulation ** (Figure 1). This
simulation predicts morbidity and mortality, with their
associated costs. This model’s structure and functionality
is based on the same principles from the “Health and
Economical Consequences of Smoking” (HECOS) model,
which has been prepared for the World Health

Organization’s European Project to decrease tobacco
dependence. It was revised by the same entity. **

The BENESCO model was developed to present
payers strong arguments about benefits, costs and
relative cost-effectiveness of the interventions to quit
smoking (Table 3).

The strategies compared for smoking cessation
were: Varenicline, Bupropion, Nicotine replacement, Self-
determination (no intervention) and motivational group
speeches for smoking cessation (from now on: speeches).
All costs, excepting speeches, were obtained from the
International Marketing Services (IMS).

Once obtained the data required by the model,
we proceeded to compare Varenicline versus Bupropion,
Nicotine Replacement Therapy (NRT) and speeches to
obtain the results. Deterministic analysis was used in
each comparison, and mortality, cumulative incidence,
costs, life quality-adjusted life years (QALYs) and gained
life years (GLY) were analyzed. For each one of these,
results are obtained after 2, 5, 10, 20 years and lifetime
from the beginning of each therapy.

Finally, in the probabilistic analysis, we obtained
the sensibility analysis and the probability curve.

Regarding Varenicline, the effectiveness taken
into account after one year of therapy was 22,5%, B
despite literature showing an effectiveness of 40% *°. It

Table 1. Data from available drugs for smoking cessation in Costa Rica

Drug Treatment duration Recommended doses Total treatment cost Effectiveness for
(USD) smoking cessation
Varenicline 12 weeks 0,5 to 2 mg/ day S 340,14 22,5**-44+%
Bupropion 12 weeks 300mg/ day $ 353,76 15,7**-30,5%
Nicotine chew gum 12 weeks Depends on week of $ 159,12 15,4*%**-17,4%
treatment
Nicotine patches 12 weeks Depends on week of $170,32 13,7%
treatment

Prices source: IMS. *Schnoll, Robert A, Lerman Caryn. Current and emerging pharmacotherapies for treating tobacco dependence.
Expert Opinion Emerging Drugs. 2006 Sep,;11(3):429-44 **Reus VI, Obach RS, Coe JW, Faessel H, Rollema H, Watsky E, Reeves K.
Vareniclina: new treatment with efficacy in smoking cessation. Drugs Today. 2007; 43: 65-75 ***Predetermined data in the
BENESCO model t Gonzales D,Rennard SI, Nides M et al: Vareniclina, an @482 nicotinic acetylcoline receptor partial agonist, versus
sustained-release bupropion and placebo for smoking cessation: a randomized controlled trial. JAMA(2006) 296:47-55




Table 2. Smoking prevalence in Costa Rica, distributed by gender, age, actual smokers, former smokers, non
smokers. IAFA, 2006
Gender Age Current smokers  Former smokers ~ Non smokers Total
18to 34 vyo 43, 26% 29,11% 27,63% 100%
Male 35 to 64 yo 47,97% 28,89% 23,15% 100%
>65 yo 54,05% 28,55% 17,39% 100%
18to 34 vyo 24,05% 9,90% 66,06% 100%
Female 35to 64 yo 20,59% 1,51% 77,90% 100%
>65 yo 17,86% 1,00% 81,14% 100%

effectiveness was maintained in 5,9%, as default in the

was decided to use the lower percentage to reduce result BENESCO model.  The speeches alternative was

bias.  After one year, the included effectiveness for included, an option currently offered at CCSS. Given that
there aren’t available costs data for speeches, it was
assumed that these lasted one hour. Having the costs for
an outpatient medical consultation (¢ 19.704, for 2007),
effectiveness for Varenicline. Both data are from the year 17 it was projected to September 2008 as ¢ 22.035.

Indirect costs weren’t included. At CCSS, 4 outpatients

Bupropion was 15,7%. *° Despite other effectiveness are
known, this percentage was used because it comes from
the same study that obtained the aforementioned

2006. For NRT, effectiveness after one year was 13,7%.
16 In the case of self-determination (no intervention),

Probability depends on:

- Intervention (in just one year)
- Time since stopped smoking

Smoking in < N Stopped smoking. no recent morbiditv
N
previous years / Y Dead
Y
Y Dead
4 N Smoker. no recent morbiditv
N Y Dead
Y
v | smoker with recent morbisity |
N v <
/ \ Y Dead
Morbidity in
previous years Death in
previous years Probability depends on:

- Morbidity condition
- Time since stopped smoking

Probability depends on:

- Smoking condition
- Time since stopped smoking

Figure 1. Schematic view of the probabilities in the BENESCO simulation model. These probabilities arise from three factors: the
used intervention’s cessation rate (effectiveness), time since stopped smoking (recurrence rate) and the relative risk of developing a
tobacco-associated disease. Probabilities come from tobacco-related morbidity and mortality.




Table 3. Summary of the BENESCO model’s
characteristics

Table 4. Calculated annual costs for AMI, lung cancer,
stroke and COPD, updated to September 2008

e Simulates the consequences of smoking in a
population

e Reflects the achievable economical and health
benefits in different time spaces after a single
attempt to quit smoking

e Determinate the cost-effectiveness of
Varenicline against the other alternatives to quit

smoking

e Maintains a high quality level without
generalizing

eSeeks to be as simple, friendly and

comprehensible as possible

eSeeks for the health authority’s most
sophisticated and demanding requirements,
which needs the cost-effectiveness evidence for
decision making.

are attended per hour. Besides, it was assumed that
there could be an average of 20 participants per speech,
so it was divided among these to get the total (in
colones) for each participant. The effectiveness used in
the model, after one year of treatment was of 17,2%. 18

Currency was turned to dollars, using the
exchange rate of April 1% 2008, because in that month
the price revision for the mentioned alternatives was
performed. According to the Central Bank of Costa Rica,
the exchange rate was: 1 dollar= 497,62 colones. *°

Concerning to the analyzed diseases, the
BENESCO model includes: prevalence, events incidence
and mortality. These data were obtained from CCSS and
the others estimated.

At CCSS there aren’t data about the costs for
diseases, therefore a calculation was made for each one.
To make such estimates, each disease’s number of
outpatient visits and inpatient days were multiplied by
their average cost. In the cases without inpatient days,
only outpatient visits were taken into account. Data used
was as updated as possible. Considering inflations
obtained by INEC, its cost was updated to September
2008 (Table 4). Due that data from CCSS just mention its

Disease Estimated cost per year
AMI ¢ 2.584.370.676,06
Lung cancer € 637.851.904,95
Stroke € 67.009.761,36

COPD ¢ 101.861.077,57

year, we thought it was more appropriate to assume that
these were from each year’s December; for example, if
one outpatient visits data is from 2001, inflations were
considered from January 2002.

It is important to mention that each disease’s
cost is lower than its real cost because of the lack of
information. Other costs weren’t taken into account,
such as: laboratories, radiological exams, chemotherapy
application, radiotherapy, drug use, surgical procedures,
hospitalization and intensive care, among others. Table 4
shows the total estimated cost for each disease.

In general, the CCSS data are not divided by age
groups or "first event" and "subsequent events", so it
was assumed that the predetermined percentages for
the BENESCO model for each age group would be the
same for the Costarican population. ™

The used discount rate was of 3% per year because this is
the rate used by the BENESCO model. ™

Results

The results obtained are a product of the
simulation performed with the BENESCO model. The
model simulates what would happen using each
alternative at the second, fifth, tenth and twentieth year,
as well as its lifetime use.

When simulating mortality with each therapy,
Varenicline was found to prevent the largest amount of
deaths in all analyzed years by the model (Table 5). The
second alternative preventing the most deaths was
Bupropion and speeches, with 3 deaths more than
Varenicline at 2 years; while at 20 years, Varenicline




prevented 73 and 94 deaths compared with speeches
and Bupropion respectively. The largest quantity of

deaths was because of AMI for all alternatives.

The cumulative incidence shows the number of
cases that could present when using each therapy.
Varenicline was found to be the strategy that avoided the
largest number of cases for the analyzed diseases in this
study (Table 6). For example, at 2 years, it prevents 21
compared to its
speeches. Then, at 20 years, Varenicline prevents 499
cases compared with speeches.

cases when closest alternative:

In relation to the obtained costs from the model,
Varenicline was also the alternative with the lowest cost
after the fifth year of use (Table 7). At two vyears,
speeches were ¢ 3.443.167 more expensive than
Varenicline, and at 5 years, this option is ¢ 147.875.774
more expensive. Regarding Bupropion, it was found that

the difference compared to Varenicline at 5 years was
€235.5253.691 and ¢2.817.705.653 at 20 years.

The alternative with the most QALYs was
Varenicline, with a difference of 696 years at 20 years
compared to the second place, which were speeches
(Table 8). At 2 vyears, the difference was 4 years.
Compared to Bupropion and NRT, at 20 years the
difference was of 893 year and 1.156 years respectively.

Regarding GLYs, Varenicline was also the
alternative with the most years gained (Table 9). A 3 year
difference was found compared to Bupropion and NRT,
while at 20 years the difference with these alternatives
was 599 and 724 years respectively. At 20 years, the
difference between Varenicline and speeches was of 436

years.

When analyzing the incremental cost at 20
years, Varenicline was the dominant alternative as it is

Table 5. Number of smoking-related deaths using the BENESCO model (n= 2.474.028)

Treatment Years .

2 5 10 20 Life
Varenicline 3.852 12.460 28.494 55.832 209.798
Speeches 3.855 12.475 28.531 55.926 209.798
Self-determination  3.856 12.479 28.542 55.954 209.798
NRT 3.860 12.497 28.585 56.061 209.798
Bupropion 3.855 12.472 28.523 55.905 209.798

Table 6. Cumulative incidence for smoking-related morbidity using the BENESCO model (n=2.474.028)

Treatment Years .

2 5 10 20 Life
Varenicline 2.524 6.628 14.064 31.311 80.128
NRT 2.551 6.727 14.349 31.950 81.302
Speeches 2.559 6.757 14.433 32.138 81.647
Bupropion 2.590 6.871 14.760 32.871 82.993
Self-determination 2545 6.705 14.286 31.810 81.043

Table 7. Smoking-related costs (colones) using the BENESCO model (n= 2.474.028) (million colones)

Treatment Years .

2 5 10 20 Life
Varenicline 12.393 34.362 76.299 179.484 423.305
Bupropion 12.434 34.598 77.184 182.301 430.151
NRT 12.427 34.648 77.425 183.110 432.145
Self-determination  12.455 34.898 78.421 186.323 439.978
Speeches 12.390 34.510 76.953 181.644 428.605




the most effective and less costly strategy for smoking
cessation (Table 10). In the rest of the years, Varenicline
also resulted to be dominant with one exception: after
two years compared with speeches.

Sensitivity analysis and probability curve

The sensitivity analysis results showed that
Varenicline is cost-effective, because it increases the
number of life quality-adjusted life years and decreases
the costs derived from the long term complications. In
figure 2 (“a” and “b”) results can be seen versus
Bupropion and speeches respectively.

Finally, related to the probability percentage, a
100% was obtained when comparing Varenicline versus
the remaining alternatives. In figure 3 (“a” and “b”)
acceptability curves can be seen against Bupropion and
speeches respectively.

Discussion

In this study, cost-effectiveness was evaluated
for the possible different alternatives for smoking
cessation in the male and female Costarican population
between 18 and 99 vyears old. The therapeutic
alternatives taken into account were those available in
Costa Rica, which were: Varenicline, Bupropion, Nicotine
replacement therapy (patches), self-determination (no
intervention) and speeches.

Speeches were added to the model because it is
the only alternative currently used at the CCSS, even
though, its cost had to be assumed because there isn't an
exact data. Even so, the cost given to this alternative is
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Figure 2. Results for the Sensitivity Analysis Test (SAT) (A) when
comparing Varenicline vs Bupropion, which shows the majority of
parameters in the right inferior quadrant which signals a lower
cost and greater QALYs. The SAT suggests varying key
parameters within the model and examining the effect of this
variation on the results. The parameters suffer a variation when
using a confined random value in the statistical distribution
expected for the parameter. During the analysis, parameters in
question are varied in this way, and are disclosed in the model
results. A complete analysis includes, then, the realization of a
large number of exercises to examine the distribution of the
produced results. The evaluated parameters are: effectiveness of
the alternatives to stop smoking, treatment costs of morbidities
and utilities. Results are generated by performing the test 1000
times. (B) SAT when comparing Varenicline vs speeches. It shows
most parameters in the inferior right quadrant, signaling a lower
cost and more QALY's.

Table 8. Smoking-related QALYs using the BENESCO model (n=2.474.028)

Treatment Years .

2 5 10 20 Life
Varenicline 350.479 823.837 1.481.881 2.418.036 3.504.164
Speeches 350.475 823.798 1. 481.703 2.417.340 3.501.974

Table 9. Smoking-related GLYs using the BENESCO model (n= 2.474.028)

Treatment Years .

2 5 10 20 Life
Varenicline 396.154 930.621 1.672.521 2.730.960 3.972.081
Speeches 396.152 930.596 1.672.409 2.730.524 3.970.628




Table 10. Cost- incremental analysis for Varenicline QALYs compared with the rest of alternatives for smoking

cessation at 20 years according to results obtained in the BENESCO simulation model

Cost QALYs Cl vs Clvsspeeches Cl vs Clvs NRT
Varenicline Bupropion
Self-
R 186.323.659.951 2.415.856 Dominated by Dominated by Dominated by Dominated by
Determination
Varenicline speeches Bupropion NRT
NRT . . .
183.110.998.380 2.416.880 Dominated by Dominated by Dominated by
Varenicline speeches Bupropion
Bupropion . .
182.301.830.653 2.417.143 Dominated by Dominated by
Varenicline speeches
Speeches )
181.644.583.773 2.417.340 Dominated by
Varenicline
Varenicline
179.484.125.000 2.418.036
This study shares the statement that the
w 100% evaluated alternatives give economical benefits, for
w
z ggzﬁﬁ example, a reduction in the institutional expenses due to
Q 0
% - 40%- a decreased prevalence for tobacco-associated diseases;
= 909 . . - .
% ;—G 285/4; . . . . . and in health; finding, also, that Varenicline is the
g 'S $0  $10.000 $20.000 $30.000 $40.000 $50.000 $ dominant option.
©a Incremental cost for QALY )

Completing the model was a challenge, because
many data aren’t available in our country. A great effort
was made to accomplish the model, however, there were

. some limitations which have to be mentioned.

w  100%
S 80%; All dat ding the Costari lation and
S 60% ata regarding the Costarican population an
T Z 40% its morbidity were obtained from government

= {1 T
<2 23{,‘{; . . . . . institutions. Even though these have their available data,
-0 , .
22 $0  $10.000 $20.000 $30.000 $40.000 $50.000 $ many data required by the model couldn’t be obtained.

Incremental cost for QALY In general, almost no data from morbidity and mortality

Figure 3. Cost-effectiveness acceptability curve (A) Varenicline
vs Bupropion and (B) Varenicline vs Speeches. The acceptability
curve results show the probability for the curve being
acceptable based on several acceptability thresholds. The
obtained results show that the probability for the comparisons
to be cost-effective in the $50000/QALY threshold is a 100%.

believed to be lower than its real cost because only one
speech with a 20 person crowd was considered and
usually there are given more than one speech. Also, it
doesn’t take into account other inputs such as physical
infrastructure, materials, logistics, among others.

is divided by age, this is why it had to be assumed that
the predetermined percentages in the BENESCO model
were the same for the Costarican population.

Another limitation was regarding disease costs.
CCSS has no data about costs, this is why the calculation
had to be as explained in the methods section. We think
this calculation is lower than the real one because it only
considers outpatient consult and inpatient stay costs, not
taking into account important costs such as: laboratories,
radiological exams, drugs, attention at the surgery room



and intensive care. These weren’t taken into account
because their costs couldn’t be obtained; neither
statistics, number nor frequency for each test in each
disease could be obtained. We think it would be
important to make a study evaluating costs for these
diseases, since that would optimize results in this type of

study.

Because of the available information, it wasn’t
possible to use exactly the same data for each disease,
for example, in certain cases we had to use data from the
emergency department and in other occasions the
hospital discharges to complete the event incidence. For
COPD, information was very limited, so it was assumed
that prevalence data from Mexico was the same for
Costa Rica due to the geographical proximity between
both countries.

BENESCO model has the option of whether or not
to include asthma according to the
criteria. In this study, we decided not to include it
because most of the information available is about

investigator’s

children and not adults. However, it is suggested to
include it in future studies and compare the results which
we believe would favor even more Varenicline’s cost-
effectiveness as the cost savings would be greater by
reducing asthma cases, which is known to be a very
frequent disease.

The sensitivity analysis showed that Varenicline is
a cost-effective option for any health institution who
wishes to add it, since it’s been demonstrated that raises
QALYs and diminishes costs from tobacco-associated
diseases at a short, medium and long term. The obtained
probability percentage of 100% reinforces that this drug
is the best cost-effective alternative to stop smoking.

Besides the obtained results show an important
benefit, both in the economical as in the health fields,
our estimations could be considered as conservative,
because some relevant institutional expenses aren’t
being considered such as diagnostic, evaluation and
treatment expenses of the four tobacco-associated

diseases analyzed; nor takes into account other diseases
such as asthma, as mentioned, or congenital defects
caused by cigarette smoke contact.

Similarly, neither consequences nor the statistics,
such as prevalence weren’t included for passive smoking.

We share the idea mentioned by other studies **
that this model is a trustable analysis about the effects
on morbidity and mortality of smoking cessation, which
makes it useful in decision-making for health institutions.

The used model suggests that Varenicline is the
best cost-effective alternative for smoking cessation
compared to Bupropion, NRT, self-determination and
speeches. It was proven that using Varenicline causes
important economical savings for health institutions that
use it since reduce morbidity from tobacco-associated
diseases. If the current health system decides to add this
therapeutic intervention instead of speeches, it could
save 4.679.076.178 colones in 20 years. We conclude
that Varenicline has to be considered by current smoking
cessation programs at health institutions due to its
demonstrated health and economical benefits.
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