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Within a smoking-cessation program, what
impact does genetic information on lung cancer
need to have to demonstrate cost-effectiveness?
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Abstract

Background: Many smoking-cessation programs and pharmaceutical aids demonstrate substantial health gains for
a relatively low allocation of resources. Genetic information represents a type of individualized or personal feedback
regarding the risk of developing lung cancer, and hence the potential benefits from stopping smoking, may
motivate the person to remain smoke-free. The purpose of this study was to explore what the impact of a genetic
test needs to have within a typical smoking-cessation program aimed at heavy smokers in order to be cost-
effective.

Methods: Two strategies were modelled for a hypothetical cohort of heavy smokers aged 50 years; individuals
either received or did not receive a genetic test within the course of a usual smoking-cessation intervention
comprising nicotine replacement therapy (NRT) and counselling. A Markov model was constructed using evidence
from published randomized controlled trials and meta-analyses for estimates on 12-month quit rates and long-
term relapse rates. Epidemiological data were used for estimates on lung cancer risk stratified by time since
quitting and smoking patterns. Extensive sensitivity analyses were used to explore parameter uncertainty.

Results: The discounted incremental cost per QALY was AUS$34,687 (95% Cl $12,483, $87,734) over 35 years. At a
willingness-to-pay of AU$20,000 per QALY gained, the genetic testing strategy needs to produce a 12-month quit
rate of at least 12.4% or a relapse rate 12% lower than NRT and counselling alone for it to be equally cost-effective.
The likelihood that adding a genetic test to the usual smoking-cessation intervention is cost-effective was 20.6%
however cost-effectiveness ratios were favourable in certain situations (e.g., applied to men only, a 60 year old
cohort).

Conclusions: The findings were sensitive to small changes in critical variables such as the 12-month quit rates and
relapse rates. As such, the cost-effectiveness of the genetic testing smoking cessation program is uncertain. Further
clinical research on smoking-cessation quit and relapse rates following genetic testing is needed to inform its cost-
effectiveness.

Background

Smoking remains a substantial health problem in many
countries and is the largest modifiable risk factor for
several cancers and a host of chronic diseases. Between
1980 and 2004, smoking prevalence in the Australian
population dropped from 40% to 21% [1] partly due to
progressive tobacco control policies such as cigarette
taxation, smoke-free workplaces and extensive public
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education campaigns. However, smokers remain a
large proportion of the population (21%) as in other
European countries (around 30%) [2]. It has been pro-
posed that while system-level public health approaches
are effective at reducing aggregate smoking levels, a
‘one size fits all’ approach may not be effective for all
types of smokers [3].

The pivotal paper by Cromwell J et al. (1997) demon-
strated the cost-effectiveness of smoking-cessation pro-
grams delivered by a general practitioner (GP) [4]. Many
subsequent smoking-cessation programs have also
demonstrated substantial health gains for a relatively low
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allocation of resources [5]. However, despite being cost-
effective, smoking-cessation programs still suffer from
low success rates in terms of numbers of quitters at
12-months. As a general guide, the 12-month quit rates
are around 6% for brief GP advice, 9% for proactive
counselling, 6-12% for nicotine replacement therapies
with counselling, and 12-19% for pharmacotherapies with
counselling [6]. The extent of relapse following successful
smoking-cessation further erodes their effectiveness. This
suggests that many smokers may require other measures,
such as targeted or personalised information, to encou-
rage cessation and abstinence.

While tobacco smoking is the largest known risk fac-
tor for lung cancer occurring in 85-90% of cases, only
10-15% of smokers develop lung cancer [7]. Recent evi-
dence suggests that this may be partly due to differences
in genetic susceptibility to lung cancer [7,8]. That is, the
smoking-gene interaction means that some smokers are
at greater risk of developing lung cancer, with several
host characteristics (i.e., K-ras, GSTM1, CYP2D6,
¢-MET, NKX2-1, LKB1, BRAF) implicated in lung cancer
onset [9]. Further, other genes are implicated in other
chronic diseases linked with smoking, therefore smok-
ing-cessation has wider health benefits and therefore is
always beneficial.

The genetic link to lung cancer has implications for
the design of smoking-cessation programs. Genetic
information represents a type of individualized or perso-
nal feedback regarding the risk of developing lung can-
cer, and hence the potential benefits from stopping
smoking, may motivate the person to remain smoke-
free. Central to this is the potential to address the issue
of optimistic bias, the underestimation of one’s own risk
of a harmful outcome relative to the average smoker.
Recent developments in genetics suggests that some
people respond well to genetic information about risk of
lung cancer [10,11], are more likely to quit [12] and per-
haps less likely to relapse. Combining a genetic test with
a smoking-cessation program might enhance the effec-
tiveness and thus represent a cost-effective intervention.

Several companies now offer genetic testing for lung
cancer susceptibility however they offer a single nucleo-
tide polymorphism (SNP) test for lung cancer risk result
and no other clinical data is used for their risk assess-
ment. Our author (R.Young) heads a clinical research
program at Auckland Hospital, New Zealand, offering
patients a SNP-based test involving 20 SNPs and assess-
ment of other clinical variables (family history, COPD,
smoking patterns) within usual clinical practice for
smoking-cessation. Early results show that intentions to
quit smoking among 250 participants based on genetic
testing for lung cancer risk were around 88% in those at
elevated risk of lung cancer. The economic value of the
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adopting this new technology into practice is yet to be
determined.

To date, no smoking-cessation study has examined the
cost-effectiveness of offering genetic tests in the context
of disease prevention but other studies have investigated
genetic testing to guide the choice of pharmacotherapy
among individuals attempting to stop smoking [13,14].
Genetic testing imposes costs on individuals, doctors
and the health system. Thus, if genetic testing is to be
offered in addition to a first-line smoking-cessation pro-
gram, then it must result in enough new quitters (or
reduced numbers of relapsers) in order to justify the
costs. The purpose of this study was to explore how
much of an impact genetic testing information would
need to have in order to be a cost-effective addition to a
typical smoking-cessation program. Specifically, we
assess the net costs, and health benefits of a smoking-
cessation program with a genetic test compared with
nicotine replacement smoking-cessation treatment.

Methods

Markov model structure

A Markov state transition model was constructed in
TreeAge Pro 2009 software (TreeAge Software Inc,
Williamstown, MA, USA) (Figure 1). The model, known
as a Markov single cohort model, is cyclical, with
patients moving between specified health states at the
end of each cycle, with subsequent cost and quality of
life implications. The advantage of this type of model is
that it explicitly identifies the sequence and linkage of
events under consideration and allows detailed analyses
on data parameters. Two decision strategies were mod-
elled; individuals either received or did not receive a
genetic test component within the course of a usual
smoking-cessation intervention. The model tracked a
hypothetical cohort of smokers over 35 years from age
50 who faced different probabilities of quitting smoking,
risk of developing lung cancer and transferring between
different health states (Table 1). Relapse rates in the
years beyond a successful quit attempt and continued
abstinence at 12 months were included [15]. The model
consists of five health states: no lung cancer (quit smok-
ing), no lung cancer (stay smoking), early lung cancer
(stage I or II), advanced lung cancer (stage III or IV),
and death. Individuals will either continue or quit smok-
ing at 12 months following either intervention and be
allocated to ‘no lung cancer’ in the first annual cycle.
Next they are dispersed into the various pathways or
health states according to certain probabilities (Table 1).
‘Tunnel’ features have been built into the model for
lung cancer states to ensure that the risk of cancer pro-
gression or death is dependent upon the duration since
diagnosis. Tunnel states are a ‘time in state’ feature that
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provides a memory function to Markov models. Health
state rewards and transition probabilities can be altered
for each cycle patients spend in the tunnel state [16].
The model is calculated by summing the expected
(mean) values at each tree node for each course of
action and aggregates the longer-term health outcomes
and costs for the two intervention strategies.

Description of the two strategies

We compared a usual smoking-cessation program with
an alternative involving the usual smoking-cessation pro-
gram and a genetic test some point after (e.g., 6 weeks)
completing the program (as per McBride et al. 2002
[12]). The benefit of this test is to decrease the likelihood
that an individual will relapse and begin smoking again
as measured by relapse rates at 12 months.

In our model, we assumed our cohort were 50 year
old heavy-smoking men and women (>20 cigarettes per
day) who presented to their GP, and were willing to par-
ticipate in a smoking-cessation program. The usual
smoking-cessation program comprised of GP advice, tel-
ephone counselling and nicotine replacement therapy
(NRT) administered over 12 weeks (Table 2). Although

there are new pharmacological therapies available that
show superior smoking-cessation rates (i.e., bupropion,
varenicline 12-19% [6]) than those for NRT (6% [17]),
NRT is widely available, accepted in most countries and
has only minor adverse side-effects or contraindications.
Furthermore, it is cost-effective and recommended first-
line therapy in clinical practice guidelines for smoking
cessation in Australia [6]. The genetic testing option is
assumed to include a blood sample and assessment of
other lung cancer risk factors. A second doctors’ visit is
required so that the doctor can communicate the test
results and overall risk assessment to the individual who
is also presented with a booklet explaining the test
results.

Data parameters in the model

The data used to populate the model was based on pub-
lished literature, national reports and government cancer
statistics, however a number of assumptions were also
necessary (Additional file 1, Table S1). The key para-
meters in the model were quit rates in the two arms
and, for the genetic test arm, we have assumed that
these behaviour changes have occurred regardless of the
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Table 1 Data parameters used in model: description, base case estimate, range tested in one-way sensitivity analyses

and sources

Parameter description Base estimate Range Sources
tested
Quit rates: 12-month continuous abstinence

a) Genetic Test 11% 7-22% 2]

b) Usual treatment 6% 3-12% [17]
Relapse rate after 12-month quit 10% in years 2-6, 4% after' [15]
Lung cancer incidence Annual from age 40, e.g., 0.0018024 at age 65 years' [32]
Relative risk of lung cancer in heavy smokers compared 6.609 and [18]
to general population
Relative risk of lung cancer in ex-smokers compared to  Annual from 5-year age group by time since quit e.g, ages
general population 50-55 years RR = 4.75'

Survival/mortality rates (background population) Annual by age e.g, age 65 annual dying rate = 0.00936' ABS Life Tables

2005-07°
Survival rates of lung cancer Annual survival at 1 year 36% to 12% at 5 years AIHW [33]
Proportion of

a) early lung cancer 20% 13-23% [33], authors

assumption®

b) adv lung cancer 80% 77-87%

Utility scores

a) Early stage lung cancer (I&ll) 0.73 0.69-0.83 [23,34]

b) Adv stage lung cancer (IlI&IV) 0.66 0.30-0.76 [23,34]

¢) No lung cancer 1 - authors

assumption
Lung cancer healthcare costs

a) Early lung cancer 1st year (NSCLC only) 44274 [35,36]

b) Adv lung cancer + SCLC 1°" year 27,057 All + 30% [35,36]

¢) Ongoing costs (stable disease) 7115 [36,37]

d) Progressive disease 10,945 [36,37]

e) Terminal care (final year) 9,961 [36,37]

1. Tables are used rather than one point estimate to account for different values that change over time. Values will alter when individuals age.
2. Epidemiological data and cost data are from slightly different years; data from these life-tables are from 2005-2007 while costs in 2009 AUS.
3. A proportion of approx. 8% of lung cancers are ‘unstaged’ but to avoid losing these people in the model, the proportion unstaged was assumed to be equally

split into early and advanced disease groups.

Abbreviations: ABS - Australian Bureau of Statistics, AIHW - Australian Institute of Health and Welfare, NSCLC - non-small cell lung cancer, SCLC - small cell lung

cancer.

underlying properties of the genetic test. Systematic
reviews and results of meta-analyses were used to
inform estimates on 12-month quit rates of NRT [17]
and relapse rates beyond 12 months [15]. Although it is
possible to that ‘natural’ quitters, those needing no assis-
tance to quit smoking, may exist in both groups, we
have assumed the natural quit rate is equivalent in both
arms. Risk estimates of lung cancer are dependent on
gender, time since quitting and smoking frequency and
were derived from a cohort study of over 463,000 US
men and women [18]. Current epidemiological evidence
provided information on background incidence of lung
cancer by stage, mortality and survival rates of lung can-
cer, and all-cause mortality among smokers. To reflect
changing estimates as the cohort ages, we accounted for
age-dependent variables using tabulated data in our
model. Table 1 lists all data estimates and tabled data in

the model with their respective sources and ranges
tested in the sensitivity analyses.

Outcome measures

The measures of benefit in the evaluation were the
number of quitters and quality-adjusted life-years gained
(QALYs) over 35 years. The number of quitters at
12 months is also presented to highlight the shorter-
term impact. The level of effectiveness of smoking-
cessation enhanced with a genetic test was based on a
randomised clinical trial involving 557 participants [12].
The proportion of individuals achieving continued absti-
nence at 12 months was 11% compared with 5% in the
NRT only arm (p = 0.08). This study was chosen as it
included the comparison groups most relevant for an
Australian setting, that is, NRT plus counselling with or
without a genetic test. McBride’s study was also
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Table 2 Intervention components and unit costs for usual smoking-cessation (USC) and USC plus genetic test

Qty  Unit cost 2009 AUS Source
USC (NRT with telephone counselling)
1 GP visit Standard 5-25 minutes 1 21.00 21.00 [6] MBS item 53
2 Patches 1st step - 21 mg/6 pkts 6 4795 287.70 Retail pharmacy'
(10 weeks) 2nd step - 14 mg/2 pkts 2 27.95 55.90
3rd step - 7 mg/2 pkts 2 2795 55.90
3 Phone counselling Initial + 4 sessions 5 75.74 378.70 DVA, $119.75 initial then $83.70/hr
4 Booklet Self-help materials 1 2.90 2.90 [6]
Total 802.10
USC + Genetic test
1 USC as above 802.10
2 Clinic visit Standard 5-25 minutes 2 21.00 4200 MBS online schedule, item 53
3 Test Blood sample, transfer to lab and analysis 1 311.00 311.00 [13]
4 Test booklet Explains results of gene test 1 290 2.90 Assumption - same for quit booklet
Total 1158.00

1. Price is based on the sale price at a large, urban pharmacy in Brisbane, AUD in 2008. Prices will vary according to conditions and place of purchase (e.g.,
online pharmacy suppliers vs. neighbourhood pharmacies). Note that the choice of the appropriate price does not impact on the results from the cost

effectiveness analysis as the cost is common to both arms of the model.

2. Abbreviations: USC - usual smoking cessation, NRT - nicotine replacement therapy, MBS - Medicare Benefits Schedule, DVA - Department of Veteran's Affairs,

pkts - packets.

randomized, prospective, used an intention-to-treat ana-
lytical approach and included largely lower socio-eco-
nomic smokers. Three other studies assessing the
impact of genetic susceptibility on smoking-cessation
[19-21] did not investigate relevant comparators includ-
ing one with no control group, were non-randomized or
had earlier-time quit rates. These quit rates ranged from
6-19%. Evidence for the effectiveness of NRT alone was
based on a published systematic review of 136 rando-
mized controlled trials, over 40,000 participants and
yielding a summary estimate of 6% [17]. In the absence
of outcomes of genetic testing on smoking-cessation
beyond 12-months, we assumed relapse rates from the
literature were equivalent in the two arms.

The QALY is a generic outcome measure preferred
for use in economic evaluations combining survival time
adjusted for quality of life. A structured literature review
was undertaken to locate recent preference-based quality
of life scores (or utility weights) for lung cancer. Eleven
studies from 1997-2008 were uncovered. The utility
weights used in the present study were based on direct
utility assessment using standard gamble interviews [22]
and a second study that used the EuroQol 5D question-
naire [23]. These studies were chosen because utilities
were available for advanced/early stage and stable/pro-
gressive lung cancer, were more likely to reflect current
treatment patterns and side-effects [22] and reported a
range of scores to acknowledge uncertainty [22,24].

Analysis
The costs and outcomes for the two options were com-
bined into incremental cost-effectiveness ratios (ICERs),

that is, incremental cost per quitter and incremental
cost per QALY gained. The ratios are calculated as fol-
lows:

ICER = CGT — CUSC
EGT - EUSC

Where C = costs, E = effects (QALYs or quitters), GT =
genetic testing arm and USC = usual smoking-cessation
arm and represent the additional costs per health benefit
of the genetic testing component. Our analysis took a
payer perspective when measuring and valuing resources
used for the two options. This included two payers; the
consumers and health providers and the analysis aggre-
gated the costs from both payers. Direct costs borne by
the consumers (smokers) included over-the-counter
NRT and the genetic test (Table 2). Health providers
primarily bear the cost of lung cancer diagnosis, treat-
ment and follow-up care and health care counselling and
advice during smoking-cessation programs. Costs and
effects were discounted at 5% and brought forward to
2009 Australian dollars using the health component of
the Consumer Price Index.

Sensitivity and scenario analyses

Threshold analyses were undertaken to separately deter-
mine at what quit and relapse rates the genetic testing
arm was cost-effective. To determine if any variables
were primarily driving the cost-effectiveness results,
one-way sensitivity analyses on all parameters were
undertaken (Table 1). Of particular importance is the
12 month quit rate of 11% following a genetic test
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compared with the 6% base quit rate [17]. The stability
of the results to the quit rates was explored by examin-
ing quit rates of 7%, 15% and 22% for the genetic test
option, and 3%, 9% and 11% for the usual smoking-
cessation program. Relapse rates were also halved to
explore the optimistic scenario commonly used in pre-
vious work [4,25,26]. Break-even analysis was used to
identify the quit rate required for the genetic test to be
cost-effective compared with usual smoking-cessation.

A probabilistic sensitivity analysis was also performed,
re-sampling from nominated distributions of data inputs
through 10,000 iterations. Beta distributions were
assigned to probabilities (e.g., quit and relapse rates,
health state transitions) and gamma distributions were
assigned to cost variables because these are often right-
skewed. The simulated mean ICER (QALYs) with 95%
confidence intervals (CI) was generated. Finally, to
assess the structural uncertainty of our model, we re-
examined the model for men and women separately
because it is well known that men are heavier smokers
and have higher risks of lung cancer compared to
women. We also explored the model for all persons
starting at age 30 and 60 years. During our analyses, we
assumed a willingness-to-pay ICER threshold of $20,000
per QALY gained to guide the interpretation of the find-
ings, a level in keeping with higher-end cost-effective-
ness ratios found in previous evaluations of smoking-
cessation programs [5].

Results

The cost-effectiveness results suggest that for smokers
offered a smoking cessation program with a genetic test,
an additional $300 on average is incurred compared
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with a usual smoking-cessation program (Table 3). For
the smoking-cessation program with the genetic test,
the corresponding mean discounted QALYs were 14.288
compared with 14.298 QALYs for usual smoking cessa-
tion. Compared with usual smoking-cessation, the
genetic testing strategy produced an incremental cost-
effectiveness ratio of AU$27,572 per QALY gained
(Table 3) over 35 years.

These results suggest an ICER above the threshold
level of AU$20,000 per QALY gained. We found that
the 12-month quit rate would need to be at least 12.4%,
or that the long-term relapse rate needed to be 12%
lower, for the genetic testing strategy to be as cost-
effective as the usual smoking-cessation strategy (Addi-
tional file 1, Figures S1 & S2). The predicted propor-
tions of the cohort who quit or relapsed for both
strategies by age are highlighted in Additional file 1,
Figure S3 and similarly for those with early and
advanced lung cancer in Additional file 1, Figure S4.

Over a short-term 12-month period, for every 1000
individuals undertaking smoking-cessation enhanced
with a genetic test, an additional cost of $355,600 would
result in 50 additional quitters or $7,112 per additional
quitter over 12 months compared with usual smoking-
cessation (Table 3).

Sensitivity & scenario analyses

One-way sensitivity analyses indicated that the model
was highly volatile to changes in quit rates in both inter-
vention arms and the relative risks of lung cancer for
smokers and ex-smokers (Additional file 1, Figure 5).
Under more favourable scenarios, when the quit rate of
22% for genetic testing was used, the ICER was $2,203

Table 3 Results of incremental cost-effectiveness ratios (ICER) in base case and probability sensitivity analysis

Short-term (at end of 12-months) NRT + counselling NRT + counselling Difference
+ genetic test
Cost for 1000 persons in each arm $802,100 $1,158,000 $355,600
Number of quitters @ 12 months 60 110 50
ICER - per quitter @ 12 months - - $7,112
Long-term (at end of 35 years)
Mean cost per person $6,600 $6,900 $300
QALYs gained per person 14.288 14.298 0.0109
ICER - QALYs gained per person - - $27,572
Monte Carlo simulated ICERs Incremental costs? Incremental ICERs (QALYs) (95% Cls)
QALYs
Base case ICER $299.46 00109 $34,687° (612,483, $87,734)
Initial cohort aged 30 years $341.69 0.0032 $133,409 ($53,502, $361,376)
Initial cohort aged 60 years $275.66 0.0126 $27,601 (58,783, $73,948)
Men only (aged 50 years) $286.23 0.0130 $27,182 (89,200, $70,783)
Women only (aged 50 years) $334.53 0.0049 $46,408 (517,199, $118,383)

1. ICER of simple average results - single mean cost and effect differences.

2. Statistically significantly different mean costs and effects between groups (p < 0.001).

3. Average ICER of 1,000 simulations, not ICER of average results.
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per QALY or when the cost of a genetic test was halved,
as may be the case if the technology became less expen-
sive over time, the ICER was $8,247 per QALY. In a
two-way analysis, when the quit rates were 22% and
12% for the genetic testing and usual care arms respec-
tively, the ICER was $5,553 per QALY. Probabilistic sen-
sitivity analyses indicated a mean ICER of $34,687 per
QALY gained (95% CI $12,483, $87,734) (Table 3). Our
simulated base ICER of $34,687 per QALY gained was
somewhat higher than our simple ‘expected value’ base
ICER of $27,572 because the simulated ICER is calcu-
lated from the average of 10,000 mean costs and mean
effects based on several uncertain parameters with their
assigned distributions while the simple ICER is based on
fixed mean cost and effect estimates. The simulated
ICER sampling mean estimates are the correct and pre-
ferred ‘expected values’ for the model. At a willingness
to pay of $20,000 per QALY gained and using conserva-
tive estimates, the probability that the genetic test
option is a cost-effective addition to the usual interven-
tion is 20.6% (Figure 2) compared with 99.9% using
more optimistic quit rates for the two arms.

The cost-effectiveness ratios were lower than our base
case when applied to men only $27,182 per QALY (95%
CI $9,200, $70,783) and higher for women $46,408 per
QALY (95%CI $17,199, $118,383) (Table 3). When we
assessed the model with younger initial cohort of 30
year olds, the cost per QALY ratios increased to
$133,409 (95%CI $53,502 $361,376) and for 60 year
olds, decreased to $27,601 (95%CI $8,783, $73,948)
(Table 3). If it was assumed that the relapse rate is
halved in both strategies (i.e., 5% relapse from years 2-6,
2% thereafter), the mean ICER per QALY gained was
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$18,623 (95%CI $5,897, $49,228). The relapse rate
would need to be zero in both arms, and the quit rate
for genetic-testing option at least 18%, for the genetic-
testing option to have lower costs and higher effects
than usual smoking-cessation. Alternatively, keeping the
relapse rate at our base level (10% years 2-6, 4% there-
after), the quit rate for the genetic-testing option needs
to be at least 29% to dominate the usual smoking-
cessation option.

Discussion

The purpose of this paper was to examine the potential
cost-effectiveness of smoking-cessation via NRT enhanced
with genetic information on lung cancer risk using a
dynamic model and up-to-date data estimates. Our results
suggest that using the 12 month quit rate reported in a
previous trial [12], the genetic testing option is unlikely to
be cost-effective at a threshold of $20,000 per QALY
gained. The genetic test option would need to achieve a
12-month continuous quit rate of 12.4% or more for it to
be a cost-effective addition to NRT and counselling treat-
ment alone. Alternatively, the genetic testing option would
need to achieve relapse rates 12% lower than those for
usual smoking-cessation. Although our base ICER $34,687
per QALY is higher than the $20,000 threshold, we
emphasize that the high volatility in the model estimates
means that the genetic test option could easily become
cost-effective if further evidence supported mildly more
optimistic quit or relapse rates. However, overall we found
very small differences in cost between the two options
over a period of 35 years and similarly for differences in
effects. The model was very sensitive to small changes in
critical variables such as the 12-month quit rates and
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relapse rates after 12-months, hence the results are
unstable. Further research on smoking-cessation quit rates
following genetic testing is needed to improve the validity
of the values used in our model and reduce the uncer-
tainty of our findings.

Our ICER of $34,687 per QALY gained would be
considered cost-effective in relation to accepted thresh-
olds for pharmacological health care treatments in
Australia [27]. However, given that we are not asses-
sing a pharmaceutical and that other ICERs of smoking
cessation options are among the lowest of all health
interventions, we used a $20,000 acceptable threshold
[5]. Several studies have shown better health outcomes
and cost-savings are possible for varenicline [26,28]
bupropion [28], and community pharmacy-led [29]
programs. In this context, it would seem that our
genetic testing strategy is a relatively poor investment.
However, with at least 30 published studies providing
evidence that a wide variety of smoking-cessation
interventions are cost effective, these findings may be
less favourable because most studies have overesti-
mated long-term effectiveness due to assumptions
made with smoking relapse rates or evaluation time
frames being too short [30]. In our study, the use of
improved epidemiological data on the risk of develop-
ing lung cancer separating risk estimates by gender,
time since quitting and heavy/light smoking patterns
[18] should provide more precise cost-effectiveness
estimates [31].

Traditionally, men are heavier smokers than women
and their relative risk of lung cancer is higher. This
explains the lower (more favourable) ICERs for men
because they have relatively higher numbers of life-
years to gain from stopping smoking [5,25]. However,
due to the large uncertainty in the model, differences
between men and women were tenuous. The benefits
of smoking-cessation can occur at any age of quitting
however, the risk of lung cancer among ex-smokers
versus non-smokers remains elevated even after more
than 40 years of cessation [9]. Our findings are in con-
trast to other studies where smoking-cessation among
younger cohorts has more favourable cost-effectiveness
than for older cohorts. Our opposite finding results
from the fact that a given percentage of people who
quit at 12 months are assumed to relapse each year,
meaning that some (younger) people will start smoking
again before the benefits of not smoking (avoided can-
cer) are realized. Additional research is need to iden-
tify whether relapse rates for younger smokers would
in fact remain low after receiving positive results from
a genetic test.

When our model was re-assessed for 30 year olds, the
long-term effects were severely eroded due to discount-
ing and relapse rates. Therefore, the overall effectiveness
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was very small, inflating the cost-effectiveness ratio.
This finding would indicate that the genetic testing arm
is potentially suitable only in older (at least 50 year
olds), long-term smokers or that the NRT and counsel-
ling needs to be repeatedly offered in relapsed smokers
[30] and is not cost-effective as a one-off intervention.

Our choice of relapse rates is an important variable in
our model both in terms of the values used, which were
taken from a meta-analysis [15], and the 35 year model
duration. These have a combined effect of having a
cumulative lifetime relapse of 78% (subject to some
quitters dying before they are able to relapse), consider-
ably higher than studies using Markov models with life-
time relapse rates of 35% [4,25]. When the base case
relapse rates were halved and closer to those used pre-
viously, the cost-effectiveness ratios were substantially
lower; $18,623 (95%CI $5,897, $49,228).

While our model was responsive to an ageing cohort
and other time-dependent variables, some limitations
are apparent and a number of assumptions were neces-
sary. Data estimates are based on those available in pub-
lished randomized controlled trials and may not reflect
real-world practice (e.g., overestimated effects or com-
pliance from experimental trial data). It is acknowledged
that many individuals permanently cease smoking on
their own accord with no psychological or pharmacolo-
gical assistance. The present study examines the relative
effectiveness of a smoking cessation program compared
with a smoking cessation program given in conjunction
with a genetic test. Extensive sensitivity analyses
explored parameter uncertainty and aspects of the struc-
tural uncertainty (e.g., different cohort profiles). We
relied on a single, randomized clinical trial by McBride
et al. (2002) for a critical estimate, quit rate at
12-months following the genetic test [12]. This study
was US-based and involved a largely African-American
lower-socioeconomic cohort. Arguably, McBride et al.’s
sample of mostly lower-socioeconomic smokers may be
a difficult group to intervene in but likely to be relevant
and generalisable to other settings like Australia where a
higher proportion of disadvantaged people also smoke.
Potentially adverse consequences of genetic testing
include emotional distress, concerns about discrimina-
tion and implications for telling family members positive
results. These issues were omitted from our analysis.
Our results relate to QALYs gained from preventing
lung cancer onset and we did not incorporate improved
survival gains due to the potential avoidance of other
major diseases linked to smoking (e.g., heart disease,
COPD, diabetes). Again, the impact is that our effects
may be underestimated and overall ICERs conservative.
A further limitation of the study was the omission of
the potential implications of interactions between the
level of susceptibility, test properties and quit rates that
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may impact on the cost-effectiveness findings, introdu-
cing further uncertainty. Based on McBride’s findings,
33% of the participants in the GT arm had a positive
genetic test for the missing gene GSTM1 for elevated
susceptibility to lung cancer. However, quit rates in
these participants were similar to those with negative
tests and therefore behavior change was not hindered
by the GT results. This finding is supported by our
own pilot work with further results on this issue
forthcoming.

Lung cancer is the leading cause of cancer death in
many developed countries and the prognosis is poor
with a 1-year survival of 34% and 5-year survival of 12%
[32]. Although the risk of lung cancer is small in indivi-
duals with ‘at risk’ genotypes, lung cancer is a common
cancer and therefore those with a genetic susceptibility
affects a high absolute number of smokers [8]. Further
research on genetic susceptibility and molecular epide-
miology in lung cancer alongside overall risk assess-
ments [7] remains important work before public health
approaches of screening, targeted smoking-cessation
programs or other preventive measures are adopted [8].
At the same time, commercial availability and consumer
interest in genetic testing is increasing and may create
added pressure for insurance companies or governments
to subsidize their costs [11]. To date, the evidence to
support effective smoking-cessation by informing indivi-
duals of their own genetic risk of lung cancer is promis-
ing but weak [10,12]. Genetic testing strategies rely on
successful doctor-patient communication and must be
ethical, results accurately conveyed and understood by
patients [11].

Conclusion

In certain circumstances, specifically, if a smoking-
cessation program delivering a genetic test, NRT and
counselling produced a 12-month quit rate of at least
12.4% then it would represent a potentially sound
health care investment for 50 year old heavy smokers.
Overall, our findings showed that a genetic test option
in addition to the use of NRT and counselling would
produce very similar costs and effects than NRT and
counselling alone. Further research on the quit rates at
12 months and beyond following a genetic testing
strategy is required to strengthen our findings.

Additional material

Additional file 1: Figure S1: Threshold analysis of quit rate required for
the genetic test strategy to have equivalent net benefits as usual
smoking-cessation, at a willingness to pay (WTP) of $20,000. Figure S2:
Threshold analysis of proportion of relapse rate required for the genetic
test strategy to have equivalent net benefits as usual smoking-cessation,
at a WTP of $20,000. Figure S3: Proportion of cohort who are quitters or
relapsers, by age and genetic test or usual smoking-cessation arms.

Page 9 of 10

Figure S4: Proportion of cohort who develop early or advanced lung
cancers, by age and genetic test or usual smoking-cessation arms.
Figure S5: Results of one-way sensitivity analyses on key parameter
values showing change in base case incremental cost per QALY ratio.
Table S1 - Model assumptions.

List of abbreviations

Cl: Confidence interval; COPD: Chronic obstructive pulmonary disease; GT:
Genetic test; ICER: Incremental cost-effectiveness ratio; NRT: Nicotine
replacement therapy; QALY: Quality adjusted life years; SNP: Single
nucleotide polymorphisms; USC: Usual smoking cessation

Competing interests

Dr Robert Young is a Scientific Advisor to Synergenz BioSciences who
sponsored separate, but related, projects in lung cancer genetics and risk
assessment scores.

Dr L Gordon, N Hirst and Dr P Brown declare that they have no competing
interests.

Authors’ contributions

LGG: performed the systematic review, data analyses, interpretation and
drafted the manuscript.

NGH: assisted with systematic review, data analyses, interpretation and
presentation of the findings and manuscript writing.

RPY: provided clinical expertise, idea conception and intellectual input and
interpretation of the overall findings

PMB: provided senior public health expertise, intellectual input and guidance
during manuscript writing.

All authors have contributed substantively to writing the manuscript and
have approved the final version.

Acknowledgements

L Gordon is funded through a National Health and Medical Research Council
Public Health Post-Doctoral Training Fellowship #496714. N Hirst is funded
through a National Health and Medical Research Council Program Grant
#552429.

Author details

'Queensland Institute of Medical Research, Genetics and Population Health
Division, PO Royal Brisbane Hospital, Herston Q4029, Australia. “Department
of Medicine, Auckland Hospital, Private Bag 92019, Auckland, New Zealand.
3School of Population Health, The University of Auckland, Cnr Morrin &
Meriton Rds, Glen Innes, Auckland 1142, New Zealand.

Received: 20 January 2010 Accepted: 16 September 2010
Published: 16 September 2010

References

1. Scollo MM, Winstanley MH, (Eds): Tobacco in Australia: Facts and Issues.
Melbourne: Cancer Counci Victoria, Third 2008.

2. World Health Organisation Regional Office for Europe: Prevalence of daily
smoking by country, adults aged 15 years and over, European Region.
WHO 2005.

3. Warner KE, Mackay JL: Smoking cessation treatment in a public-health
context. Lancet 2008, 371:1976-1978.

4. Cromwell J, Bartosch WJ, Fiore MC, Baker T, Hasselblad V: Cost
effectiveness of the AHCPR guidelines for smoking. Journal of the
American Medical Association 1997, 278:1759-1766.

5. Gordon LG, Graves N, Hawkes A, Eakin E: A review of the cost-
effectiveness of face-to-face behavioural interventions for smoking,
physical activity, diet and alcohol. Chronic lliness 2007, 3:101-129.

6. Shearer J, Shanahan M: Cost effectiveness analysis of smoking cessation
interventions. Aust N Z J Public Health 2006, 30:428-434.

7. Young RP, Hopkins RJ, Hay BA, Epton MJ, Mills GD, Black PN, Gardner HD,
Sullivan R, Gamble GD: Lung cancer susceptibility model based on age,
family history and genetic variants. PLoS ONE 2009, 4:¢5302.


http://www.biomedcentral.com/content/supplementary/1478-7547-8-18-S1.DOC
http://www.ncbi.nlm.nih.gov/pubmed/18555898?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18555898?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9388153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9388153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18083667?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18083667?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18083667?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17073223?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17073223?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19390575?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19390575?dopt=Abstract

Gordon et al. Cost Effectiveness and Resource Allocation 2010, 8:18
http://www.resource-allocation.com/content/8/1/18

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kiyohara C, Otsu A, Shirakawa T, Fukuda S, Hopkin JM: Genetic
polymorphisms and lung cancer susceptibility: a review. Lung Cancer
2002, 37:241-256.

Alberg AJ, Ford JG, Samet JM: Epidemiology of lung cancer: ACCP
evidence-based clinical practice guidelines (2nd edition). Chest 2007,
132:295-55S.

Bize R, Burnand B, Mueller Y, Rege Walther M, Cornuz J: Biomedical risk
assessment as an aid for smoking cessation. Cochrane Database Syst Rev
2009, 15:.CD004705.

Cameron LD, Sherman KA, Marteau TM, Brown PM: Impact of genetic risk
information and type of disease on perceived risk, anticipated affect,
and expected consequences of genetic tests. Health Psychol 2009,
28:307-316.

McBride CM, Bepler G, Lipkus IM, Lyna P, Samsa G, Albright J, Datta S,
Rimer BK: Incorporating genetic susceptibility feedback into a smoking
cessation program for African-American smokers with low income.
Cancer Epidemiol Biomarkers Prev 2002, 11:521-528.

Heitjan DF, Asch DA, Ray R, Rukstalis M, Patterson F, Lerman C: Cost-
effectiveness of pharmacogenetic testing to tailor smoking-cessation
treatment. Pharmacogenomics J 2008, 8:391-399.

Welton NJ, Johnstone EC, David SP, Munafo MR: A cost-effectiveness
analysis of genetic testing of the DRD2 Taq1A polymorphism to aid
treatment choice for smoking cessation. Nicotine Tob Res 2008,
10:231-240.

Hughes JR, Peters EN, Naud S: Relapse to smoking after 1 year of
abstinence: a meta-analysis. Addict Behav 2008, 33:1516-1520.

Briggs A, Claxton K, Sculpher M: Decision Modelling for Health Economic
Evaluation. Oxford: Oxford University Press 2006.

Stead LF, Perera R, Bullen C, Mant D, Lancaster T: Nicotine replacement
therapy for smoking cessation. Cochrane Database Syst Rev 2008, 23:
CD000146.

Freedman ND, Leitzmann MF, Hollenbeck AR, Schatzkin A, Abnet CC:
Cigarette smoking and subsequent risk of lung cancer in men and
women: analysis of a prospective cohort study. Lancet Oncol 2008,
9:649-656.

Audrain J, Boyd NR, Roth J, Main D, Caporaso NF, Lerman C: Genetic
susceptibility testing in smoking-cessation treatment: one-year
outcomes of a randomized trial. Addict Behav 1997, 22:741-751.
Carpenter MJ, Strange C, Jones Y, Dickson MR, Carter C, Moseley MA,
Gilbert GE: Does genetic testing result in behavioral health change?
Changes in smoking behavior following testing for alpha-1 antitrypsin
deficiency. Ann Behav Med 2007, 33:22-28.

[to H, Matsuo K, Wakai K, Saito T, Kumimoto H, Okuma K, Tajima K,
Hamajima N: An intervention study of smoking cessation with feedback
on genetic cancer susceptibility in Japan. Prev Med 2006, 42:102-108.
Nafees B, Stafford M, Gavriel S, Bhalla S, Watkins J: Health state utilities for
non small cell lung cancer. Health Qual Life Outcomes 2008, 6:84.
Trippoli S, Vaiani M, Lucioni C, Messori A: Quality of life and utility in
patients with non-small cell lung cancer. Quality-of-life Study Group of
the Master 2 Project in Pharmacoeconomics. Pharmacoeconomics 2001,
19:855-863.

Earle CC, Chapman RH, Baker CS, Bell CM, Stone PW, Sandberg EA,
Neumann PJ: Systematic overview of cost-utility assessments in
oncology. J Clin Oncol 2000, 18:3302-3317.

Cornuz J, Gilbert A, Pinget C, McDonald P, Slama K, Salto E, Paccaud F:
Cost-effectiveness of pharmacotherapies for nicotine dependence in
primary care settings: a multinational comparison. Tob Control 2006,
15:152-159.

Hoogendoorn M, Welsing P, Rutten-van Molken MP: Cost-effectiveness of
varenicline compared with bupropion, NRT, and nortriptyline for
smoking cessation in the Netherlands. Curr Med Res Opin 2008, 24:51-61.
George B, Harris A, Mitchell A: Cost-effectiveness analysis and the
consistency of decision making: evidence from pharmaceutical
reimbursement in australia (1991 to 1996). Pharmacoeconomics 2001,
19:1103-1109.

Jackson KC, Nahoopii R, Said Q, Dirani R, Brixner D: An employer-based
cost-benefit analysis of a novel pharmacotherapy agent for smoking
cessation. J Occup Environ Med , 2 2007, 49:453-460.

Thavorn K, Chaiyakunapruk N: A cost-effectiveness analysis of a
community pharmacist-based smoking cessation programme in
Thailand. Tob Control 2008, 17:177-182.

Page 10 of 10

30. Etter JF, Stapleton JA: Nicotine replacement therapy for long-term
smoking cessation: a meta-analysis. Tob Control 2006, 15:280-285.

31. Hoogenveen RT, van Baal PH, Boshuizen HC, Feenstra TL: Dynamic effects
of smoking cessation on disease incidence, mortality and quality of life:
The role of time since cessation. Cost Eff Resour Alloc 2008, 6:1.

32, Australian Institute of Health and Welfare (AIHW): ACIM (Australian Cancer
Incidence and Mortality) Books. Canberra: Australian Institute of Health
and Welfare 2009.

33, Ries LAG, Melbert D, Krapcho M, Stinchcomb DG, Howlader N, Horner MJ,
Mariotto A, Miller BA, Feuer EJ, Altekruse SF, et al- SEER Cancer Statistics
Review, 1975-2005. Bethesda: National Cancer Institute 2008.

34.  Mahadevia PJ, Fleisher LA, Frick KD, Eng J, Goodman SN, Powe NR: Lung
cancer screening with helical computed tomography in older adult
smokers: a decision and cost-effectiveness analysis. Jama 2003,
289:313-322.

35. Department of Health & Ageing: National Hospital Cost Data Collection,
Cost weights for AR-DRG v.5.1 (Round 11, 2006-07). Canberra:
Commonwealth of Australia 2008.

36. Manser R, Dalton A, Carter R, Byrnes G, Elwood M, Campbell DA: Cost-
effectiveness analysis of screening for lung cancer with low dose spiral
CT (computed tomography) in the Australian setting. Lung Cancer 2005,
48:171-185.

37. Hurley SF, Matthews JP: The Quit Benefits Model: a Markov model for
assessing the health benefits and health care cost savings of quitting
smoking. Cost Eff Resour Alloc 2007, 5:2.

doi:10.1186/1478-7547-8-18

Cite this article as: Gordon et al: Within a smoking-cessation program,
what impact does genetic information on lung cancer need to have to
demonstrate cost-effectiveness? Cost Effectiveness and Resource Allocation
2010 8:18.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

* Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVied Central



http://www.ncbi.nlm.nih.gov/pubmed/12234692?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12234692?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17873159?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17873159?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19450036?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19450036?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19450036?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12050092?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12050092?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18347612?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18347612?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18347612?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18188764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18188764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18188764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18706769?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18706769?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18556244?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18556244?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9426791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9426791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9426791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17291167?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17291167?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17291167?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16325899?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16325899?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18939982?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18939982?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11596837?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11596837?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11596837?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10986064?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10986064?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16728744?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16728744?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18021492?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18021492?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18021492?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11735677?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11735677?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11735677?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17426529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17426529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17426529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18285385?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18285385?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18285385?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16885576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16885576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18190684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18190684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18190684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12525232?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12525232?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12525232?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15829317?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15829317?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15829317?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17241477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17241477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17241477?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Markov model structure
	Description of the two strategies
	Data parameters in the model
	Outcome measures
	Analysis
	Sensitivity and scenario analyses

	Results
	Sensitivity & scenario analyses

	Discussion
	Conclusion
	List of abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

