Cost-effectiveness of computer – tailored smoking cessation advice in primary care: a randomised trial (ESCAPE)
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ABSTRACT
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Introduction 
Smoking remains a significant public health problem and is a leading cause of preventable morbidity and mortality across the world. By combining the behavioural intervention principles used in specialist services with the high reach rates of public health interventions,  personal tailored self-help cessation intervention  provide a potential economical method to improve reach and effectiveness. 
Methods 
Cost-effectiveness analysis is performed alongside a randomised-controlled trial to compare the computer-tailored self-help intervention with a generic self-help intervention in smoking cessation. A Markov model was developed to extrapolate lifetime cost-effectiveness by combining trial data with estimates from the literature. 
Findings 
In the short-term, smokers in the intervention group gained 0.0006 (95% CI: -0.0024-0.0036) QALYs more than those in the control group, at an increased cost of about £9 per person (95% CI: £5-£12). This yielded an incremental cost-effectiveness ratio (ICER) of £14,432/QALY. Precision of the ICER estimates was assessed by 5,000 bootstrapping replications. The probability that the intervention was cost-effective was 54% (58%) at a cost-effectiveness threshold of £20,000(£30,000) per QALY.  The Markov model showed that simulating lifetime outcomes improved the cost-effectiveness ratio (£9,700/QALY) in favour of the tailored intervention.  The intervention would have a 55-57% chance of being more cost-effective than non-tailored intervention at the willingness-to-pay threshold of £20,000-30,000/QALY. 
Conclusions 
The computer-tailored intervention appears slightly more likely to be cost-effective than the generic self-help intervention in smoking cessation, in both the short- and the long-term, but caution is required given the considerable uncertainty surrounding the estimates.   


[bookmark: OLE_LINK28][bookmark: OLE_LINK29]INTRODUCTION
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Smoking remains a significant public health problem and is a leading cause of preventable morbidity and mortality across the world. Intensive, expert­led interventions have relatively high success rates but reach only a minority of smokers and have a limited impact on population smoking levels (Chapman, 1993; Reid, 1996). It is reported that only around 5% of smokers make use of these specialist services (Bauld, Chesterman, Judge, Pound, & Coleman, 2003; H. Gilbert, 2010; West & Brown, 2012).   On the other hand, large-scale, public health interventions and policy initiatives (e.g. policies that ban smoking in public places) can reach large numbers of smokers, but as they lack the personal element that is central to the success rates of the specialist services, the effectiveness of these approaches have been reported as relatively low (H. Gilbert, Nazareth, Sutton, Morris, & Godfrey, 2008). Personalised computer-tailored self-help materials which combine the behavioural intervention principles used in specialist services with the high reach rates of public health interventions provide a potential economical method to increase reach and effectiveness.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]
Smoking cessation interventions that are effective compared to a no intervention alternative are also generally cost-effective (Flack, Taylor, & Trueman, 2007). Their economic value is driven by the improvements in quality and quantity of life from reduced smoking. Such smoking cessation interventions frequently appear as the “best buys” for health funders when compared with other health care interventions. While this economic evidence had led to many countries financing smoking cessation policies and interventions, questions remain about the added value of additional smoking cessation interventions over current practices. As new smoking cessation interventions continue to evolve, cost-effectiveness analysis is used to ascertain whether or not it is worthwhile to undertake a new intervention using current practices as comparator. Namely, economic evaluation is used to help with the prioritisation of smoking cessation interventions given the limited health care resources. This paper provides data on the 'added value' of a tailored self-help cessation intervention compared to a standard self-help intervention among smokers identified in primary care.

The economic evaluation of comparative smoking cessation interventions can be studied in detail with economic data collected within a rigorous clinical trial. However, there are a number of methodological challenges to such economic evaluations; in particular, results from trials are limited to the short follow-up trial period. Most studies have merely measured smoking cessation rates to provide the incremental cost per additional quitter. This can make their results difficult to interpret by health care funders attempting to allocate budgets, especially when smoking cessation activities are competing for funds with other health care issues. On the other hand, information in terms of more comparable health outcomes, such as Quality-Adjusted Life-Years (QALYs), is much more useful to decision makers (NICE, 2008). To convert quit rates to QALYs and to take account of the full impact of quitting smoking on long term morbidity and mortality outcomes requires a model of long-term outcomes.

Lancaster and Stead reported that standardised self-help interventions for smoking cessation were both clinically effective and cost-effective (Lancaster & Stead, 2009). Using standardised self-help material as a comparator, the aim of this study is to test the hypothesis that personally-tailored advice reports, based on an assessment of individual characteristics and tailored to levels of reading ability, when sent to smokers identified from general practitioners’ lists, will increase cost-effectiveness over and above that found with standard self-help. 

The study objectives are:
[bookmark: _GoBack]1) To compare costs associated with the control and intervention strategies
2) To estimate the health benefits of the alternatives
3) To assess cost-effectiveness at 6-month follow-up
4) To develop an analytical model to project the lifetime cost-effectiveness of thee interventions

METHODS
The ESCAPE trial 
The ESCAPE (Effectiveness of computer-tailored Smoking Cessation Advice in Primary Care) study is a randomised controlled trial that compared the clinical effectiveness and cost-effectiveness of a computer-tailored intervention with standard self-help. The trial used a proactive recruitment strategy in which potential participants were identified from GP records and contacted directly, yielding a broader and more representative sample of smokers (H. Gilbert et al., 2011).

Baseline questionnaires together with a covering letter from a GP were sent to a random sample of 58,660 adult smokers aged 18 to 65 identified from the records of 123 MRC General Practice Research Framework (GPRF) practices. Of the total, 9,956 responded to the questionnaires and 6,911 were enrolled in the study and randomised.

Participants were sent materials according to their randomisation immediately after returning the baseline questionnaire. Those randomised to the control group were sent standard non-tailored information (the NHS 'Stop Smoking Start Living' booklet). 

[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK32][bookmark: OLE_LINK33]In addition to the standard information offered to the control arm, participants assigned to the intervention group were sent a computer-tailored advice report based on the information obtained at baseline. They were also sent an additional assessment to generate a progress report four weeks after the baseline.  

The clinical results found that the intervention produced a modest increase in quit attempts during the 6-month follow-up compared to the control group (32.3% versus 29.6%; OR = 1.13, 95% CI 1.01 - 1.26). There were no significant differences in 3-month prolonged abstinence between the treatment groups at the 6-month follow up (3.2% versus 2.7%; OR = 1.20, 95%CI 0.94-1.54).  The research protocol and clinical outcome paper provide further details of the trial (H. Gilbert et al., 2008; H. M. Gilbert et al., 2012). 
Economic evaluation
The economic evaluation was performed from the NHS/Personal Social Services (PSS) perspective to reflect the English NHS decision-making framework (NICE, 2008), with costs expressed in UK pounds (£) at 2009 base prices. Costs were inflated to 2009 price levels where necessary using the Hospital and Community Health Services (HCHS) pay and price inflation index (Curtis, 2010). Future health outcomes and costs were discounted at 3.5 % per annum where necessary, in line with the methods of technology appraisal recommended by the National Institute for Health and Clinical Excellence (NICE) (NICE, 2008).

The main analysis was undertaken based on a complete case analysis (CCA), whereby results were analysed only for those participants who had both cost and outcome data for the same time point. As part of the sensitivity analysis, multiple imputation (MI) was carried out to assess the sensitivity of the results to missing data which were assumed to be missing at random (MAR). All missing item values were imputed by means of iterative chain equations (ice) using all outcome measures, health resources usage, demographic details and treatment allocation (Coyle, Davies, & Drummond, 1998; M. Drummond, Sculpher, Torrance, O'Brien, & Stoddart, 2005; M. F. Drummond & Jefferson, 1996; Petrou & Gray, 2011).

Costs 
There were two components of resource use in this study: firstly, resource use associated with inputs required for interventions and secondly, the use of NHS resources associated with quitting attempts, including additional primary care appointments or prescriptions and the use of specialist smoking cessation services and other cessation aids.
A micro-costing approach was used to compute the costs of trial interventions. The first component of the intervention cost was the cost of recruitment which was calculated from actual resource use associated with the recruiting process. One practice staff member undertook one hour to search practice records (123 practices in total) to find patients that met the inclusion criteria. A practice nurse then spent 5 minutes to send a 10-page Smoking Behaviour Questionnaire (SBQ) to each participant by post. Therefore, the recruitment cost estimates included printing costs for questionnaires, stamps and time input of practice staff. Eligible smokers who returned the completed questionnaire were randomly assigned to either the control group or the intervention group.
The recruitment cost was considered part of the intervention cost as it was a necessary stage to collect baseline information to generate personally-tailored advice reports and identify smokers who were interested in receiving an intervention. For those who received the standard self-help intervention, recruitment cost was also included to reflect a comparable group of smokers. An alternative method of mail out for the control group is considered in the discussion.

Intervention costs for the control group consisted of the NHS booklet, stamps and research assistant time spent for posting the booklet. In addition to this, smokers in the intervention group were sent a computer-generated advice report that was highly tailored to responses on the baseline questionnaire, accompanied by a letter from the GP endorsing the information contained in the report. 

Development costs of designing the tailored advice letter and the computer program to generate these letters were defined as design costs of the intervention. It took a research assistant 9 minutes on average to scan the baseline data, run the program and post both computer-tailored and standard materials. The intervention group were also sent an additional assessment to generate a tailored progress report one month after the baseline.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70]
Additional healthcare resources used by participants to help them stop smoking were collected at the six-month follow-up. In this study, follow-up was conducted by postal questionnaires or telephone interviews, for those failing to respond to the questionnaire (H. M. Gilbert et al., 2012). Among the total 6,911 participants enrolled, 5,174 completed the follow-up, resulting in a response rate of 77%. Participants were asked to describe the smoking cessation aids and services they had used in the previous six months.   

A summary of the categories of cost and units of measurement is presented in Table 1 with sources. There are a few items listed in this table where the source of unit costs is labeled as ‘estimated from the trial’. This means that these unit costs were derived from trial records directly. For example, the average cost of the postage in this trial was obtained by dividing the total cost of postage (£38,017) by the total amount of letters (questionnaires, reminders, intervention materials) posted throughout the trial (134,945), which ended up being £0.28/letter. Similarly, it is estimated that the unit printing cost was £0.02/A4 page which was derived from a total of £24,809 of overall printing costs divided by 1,158,999 pages of materials printed in the trial.

Outcome measures
Health utilities of participants were measured by the EQ-5D questionnaire at both baseline and 6-month follow-up. Utility scores were valued using the UK population tariff (Paul   Dolan, 1997; P. Dolan, Gudex, Kind, & Williams, 1995; The EuroQol Group, 1990).

Given the assumption that health status changes between measurements are smooth and  linear over time, the assessments of health state values (the EQ-5D scores) were converted into QALYs by calculating ‘the area under the curve’ (Richardson & Manca, 2004).
 
To appropriately adjust potential imbalances and ensure comparability with the clinical analysis, multiple regression methods were applied to give the differential mean QALYs and the prediction of adjusted QALYs by controlling for baseline EQ-5D scores (Altman, 1985; Manca, Hawkins, & Sculpher, 2005).

Cost-effectiveness analysis (CEA) 
The mean difference in costs between the two trial groups was compared with the mean difference in health outcomes (QALYs) to generate incremental cost-effectiveness ratios (ICER). 

Seemingly unrelated regression (SUR) was employed to estimate the between-group differences with respect to cost and effectiveness (QALYs), together with their respective variances and covariance (Liu & Zhao, 1999; Willan, Briggs, & Hoch, 2004). 

[bookmark: OLE_LINK8][bookmark: OLE_LINK11]Uncertainty around the decision to adopt the computer-tailored intervention was assessed through a non-parametric bootstrap re-sampling technique. Bootstrapping has been proposed as an efficient approach for calculating the confidence limits for the ICER as its validity does not depend upon any specific form of underlying distribution (Chaudhary & Stearns, 1996; Efron & Tibshirani, 1993; Severens, De Boo, & Konst, 1999; Willan & O'Brien, 1996). Cost-effectiveness acceptability curves (CEAC) were plotted based on the outcomes of the 5,000 bootstrap iterations. The CEAC was applied in order to illustrate uncertainty  surrounding adoption decisions over all values of the maximum willingness-to-pay (WTP) threshold (Fenwick, Claxton, & Sculpher, 2001).

Long-term costs and outcome projections
When long-term costs and benefits of interventions extend beyond trial follow-up, prediction models are required (NICE, 2008). In this study, a Markov model was constructed to estimate potential lifetime outcomes in terms of cost per QALY gained from trial interventions (Briggs, Claxton, & Sculpher, 2006; Ramsey et al., 2005). The model was programmed in Excel 2007 and PSAW 18.0.

Figure 1 illustrates the Markov Model process and its corresponding transition matrix. The model comprises three Markov states: current smoker, former smoker and death. The direction of the arrows indicates possible transitions between these states. The model simulated a cohort of 1,000 current smokers with an average age of 45 which was consistent with the characteristics of smokers in the trial. The cohort of smokers transfer between the three health states following the direction of the arrows with a cycle length of one year until survivors complete their 90th year.

[bookmark: OLE_LINK22][bookmark: OLE_LINK23]The transition matrix of the Markov model with values of possible transitions from states represented in rows to states represented in columns. The probability inputs of the model included both estimates from the trail results and best available estimates from the literature. The model’s parameters and sources are reported in Table 2. The costs of interventions are incurred as a one-time input in the first cycle of the model. The EQ-5D scores for quality-of-life used in the lifetime model are based on a UK population survey study of approximately 15,000 current and ex-smokers (P. Kind, 1996; P.  Kind, Hardman, & Macran, 1999).

Probabilistic sensitivity analysis 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]A Monte Carlo simulation was used to propagate the second order uncertainty in input parameters throughout the model, allowing the results of the analysis to be presented with uncertainty. Unique probability distributions were assigned to each parameter to describe the uncertainty surrounding mean estimates (Briggs et al., 2006). The results from the 1,000 Monte Carlo simulation evaluation of the model were then reported in the form of a CEAC. 

RESULTS
In total, baseline questionnaires were mailed to 58,660 adult smokers. After discarding ineligible patients, the total number of returned baseline questionnaires was 6,911. The complete case analysis included 3,309 participants for whom complete cost and EQ-5D data (i.e. responses at baseline and at six months) were available, 1,795 in the control group and 1,514 in the intervention group. 

Costs 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Table 3 presents a summary of cost components by trial intervention. The estimated mean costs were £57 (SD £55) and £65 (SD £58) per person in the control and intervention groups respectively, with a p-value <0.001. The mean intervention cost per participant was £45 for the intervention group versus £37 for the control group. 

The difference in utilisation of other NHS resources to stop smoking between the two interventions was non-significant, with a difference of £1.09 (95% CI -£2.78-£4.96). However, use of NHS resources for participants who had successfully quit £77 (SD £130)  was substantially greater than for those who continued smoking at the 6-month follow-up £18 (SD £50), with a difference of £60 (95% CI £51-£69).  .

Health benefits
Mean EQ-5D scores are reported for both groups at the baseline and 6-month follow-up points in Table 4. The results show that both groups reported a worse health condition at follow up, although the changes were not statistically significant. Adjusting QALYs for baseline EQ-5D scores, participants in the intervention group had, on average, a slightly better quality of life than those in the control group (difference in QALYs 0.0006, 95% CI -0.0024-0.0036). However, this difference was not statistically significant with a p-value of 0.76. 

We also compares mean EQ-5D scores at both the baseline and 6-month follow-up and QALYs between quitters and continuing smokers. Participants who had stopped smoking had significantly higher utility scores at both time points compared to those who had not stopped. The quitter group showed an improvement in utility score, from 0.864 at the baseline to 0.885 at the 6-month follow-up, whilst the non-quitters showed a worse health condition after six months, 0.792 at baseline and 0.788 at follow-up. The adjusted mean QALYs for quitters was 0.0097 higher (p<0.001) than non-quitters. 

Short-term Cost-Effectiveness
There was no significant difference in the primary clinical outcome (3-month prolonged abstinence at 6-month follow-up) between the intervention and control groups (5.1% vs. 3.5%; adjusted OR=1.18 [95%CI:0.92,1.52] p=0.15). Mean costs were £9 (95% CI: £5-£12) higher in the intervention group than in the control group. The intervention group had a marginally higher QALY gains than the control group but not significantly, difference in QALYs was 0.0006 (95% CI: -0.0024-0.0036).  This yielded an incremental cost-effectiveness ratio of £14,432 per QALY gained. 

After using multiple imputation to estimate missing costs and EQ-5D scores, the mean incremental cost was £9 (95% CI: £8-£11) and mean incremental QALYs were 0.0006 (95% CI: -0.0003-0.0015) when comparing the intervention group to the control group. Imputation did not markedly change the mean cost and utility in either group. The imputed data resulted in an ICER estimate of £14,527 per QALY. 

The 5,000 bootstrapped samples of pair of incremental cost and effects were used to create the CEAC which is illustrated in Figure 2. The CEAC demonstrates the likelihood that the computer-tailored intervention is cost-effective with a range of willingness-to-pay thresholds. Given thresholds of £20,000 and £30,000 per additional QALY gained, which reflects the range used by the NICE, the probability that the intervention is cost-effective is 54% to 58%, respectively. 

Lifetime outcomes from the Markov Model
Lifetime outcomes from the Markov model show that the tailored intervention was associated with an incremental cost of £9 (95% CI: £4-£16) and incremental QALY gain of 0.0008 (95% CI: -0.0008-0.0011), compared with the standard non-tailored intervention. When combined, these data gave an ICER for the tailored intervention of £9,700 per QALY gained. 

Uncertainty around combined parameters in the model is represented by a CEAC (Figure 2). The results of the probabilistic sensitivity analysis show that between the normal English decision-making threshold of £20,000 and £30,000 per QALY, the probability of the tailored intervention being cost-effective is between 55% and 57%.

DISCUSSION 
To our knowledge, this is the first full economic evaluation alongside a clinical trial that evaluated the value for money of a computer-tailored self-help intervention using standard self-help as a comparator. The purpose of economic evaluation is to determine the optimal intervention and inform allocation of scarce health resources to decision makers (NICE, 2008).

[bookmark: OLE_LINK67][bookmark: OLE_LINK68]In the short-term, additional intervention costs (£9) of the tailored intervention yield sufficient health benefits (0.0006 QALY gained) to compensate for NHS resource use, which generates an ICER of £14,432 per QALY. The results of the probabilistic sensitivity analysis suggest with 54% certainty that the tailored intervention is more cost-effective at a willingness-to-pay threshold of £20,000 per QALY and 58% at £30,000 per QALY. This indicates that the computer-tailored intervention was more likely to be cost-effective compared to the generic self-help intervention within the time frame of the trial at conventional levels of cost-effectiveness considered by NICE. 

But caution is required when interpreting the results given the considerable uncertainty surrounding the estimates. The uncertainty within the economic model could be introduced by a few sources. Firstly: the uncertainty surrounding the point estimates. For example, in the ESCAPE trial, the uncertainty around treatment effect may transmit to the long-term model. Secondly: the uncertainty of the model structure. Further research is needed to design more comprehensive models that take into account the cost of health consequence of smoking-related diseases.  

The results of the Markov model show that simulating long-term outcomes improved the cost-effectiveness ratio (£9,700) in favour of the computer-tailored intervention. Given the willingness-to-pay threshold of between £20,000 and £30,000 per QALY, the tailored intervention would have a 55-57% chance of being more cost-effective than the control intervention. This suggests that the intervention will continue to have an effect on participants beyond the trial period and generate long-term health benefits. These benefits were not detected in the within-trial data.

We made the most conservative assumptions to ensure that the benefits were not overestimated and the costs were not underestimated. In the short-term analysis, the overall design cost of the tailored advice reports and computer program was divided among the participants in the intervention group of the trial (n=3,400). If the intervention is adopted in practice, this type of one-time investment will approach zero as the number of users increases. 

The costs are dependent upon how the respective interventions would be rolled out in practice. For the control group, as in the intervention group, we included the costs of recruitment, i.e. the costs to identify the people who were interested in receiving a smoking cessation intervention. These costs are necessary for the intervention group in order to collect baseline information on which to create the tailored advice. Including these costs in the control group created a comparable group of smokers. Omitted these costs from the control group would have reduced the overall control group costs. However, an alternative would be to calculate the cost of mailing the 45-page colour-printed self-help brochure to all smokers, which is found to be substantially more costly than the recruitment method. 

The proactive recruitment method employed in this trial attracted a broader and more representative sample of smokers (H. Gilbert et al., 2011). On the other hand, the results of the economic evaluation show that £33 was spent in order to recruit one smoker who received the intervention, which made up 74% of the total intervention costs of £45. The question that remains is whether this proactive recruitment, with its higher reach and higher cost, will be a cost-effective recruitment approach for smoking cessation interventions. Further studies are needed to compare the cost-effectiveness of different recruitment approaches (H. Gilbert et al., 2011).

In the long-term analysis, the Markov model did not incorporate future costs of smoking-related diseases. It is reported that in 2008/09 there were around 1.5 million admissions for adults aged above 35 with a primary diagnosis of a smoking-related disease such as lung cancer, cardiovascular disease, chronic obstructive pulmonary disease (COPD) and stroke in England (The NHS Information Centre, 2010). In 2005-2006, it was estimated that the direct cost to the NHS of smoking-attributable conditions was approximately £5.17 billion (Allender, Balakrishnan, Scarborough, Webster, & Rayner, 2009). It can be seen that interventions that help smokers to quit or reduce smoking will save the NHS a huge amount of resources that are used to treat smoking-related diseases. At the same time, the quality of life of smokers will be improved by reducing morbidity and mortality. The intervention will become more cost-effective if we take into account the cost and impact of smoking-related diseases. 

This economic evaluation was conducted from the NHS/PSS perspective; no account was taken of out-of-pocket costs and costs borne by other parties. While there was a significant difference between the two trial arms in the cost of the intervention, there was no significant difference (£1.09 95%CI: -£2.78-£4.96) in health resource use. This indicates that participants in the tailored intervention group did not use more smoking cessation aids than control participants. 

The cost difference between quitter and non-quitter was dramatic. Each participant who stopped smoking at the 6-month follow-up point had consumed at least four times more resources than a participant who continued to smoke. This indicates that quitting behaviour is linked with greater use of health resources such as nicotine replacement therapy, bupropion, or any contact with advice services and health professionals within the first few months of abstinence.
 
Some differences were found between participants who abstained from smoking and those who continued to smoke with regards to estimated utilities. For non-quitters, the mean EQ-5D score was lower at follow-up than at baseline. By contrast, those who abstained from smoking had improved EQ-5D scores after six months. In other words, over the 6-month follow-up period, the health condition of quitters improved while that of non-quitters worsened, although the differences are not statistically significant.  

In conclusion, the ESCAPE trial (with a large representative sample n=6,911) provides evidence for the cost-effectiveness of the computer-tailored intervention in smoking cessation, using a generic self-help intervention as a comparator. The results from both the within-trial data and the long-term prediction model suggest that the tailored intervention was slightly more cost-effective than the standard self-help intervention. Following  NICE’s current decision-making rules, the results indicate to decision-makers that tailoring provides greater health benefit, albeit small, and achieves better value for money compared to standard self-help. 
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Tables 
Table 1 Unit costs for each component of resource utilisation
	Resource
	Unit
	Cost per unit (2009 £)
	Source

	NHS booklet
	Booklet
	2.17 
	(Lennox et al., 2001)

	Postage
	Letter
	0.28 
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Estimated from the study

	[bookmark: _Hlk303173680]Printing costs
	Page of A4 paper
	0.02 
	Estimated from the study

	GP - cost per consultation
	Visit
	31 
	(Curtis, 2010)

	Practice nurse visit 
	Visit
	9 
	(Curtis, 2010)

	Pharmacists - consultation on smoking
	5 minutes session
	2.69 
	(Curtis, 2010)

	NHS Stop smoking Service (individual or group session)
	Session
	18.45
	(NICE public health guidance 10, 2008)

	NHS Smoking Helpline
	Call
	5.93
	Estimated from the study

	Prescription charges 
	Prescription
	7.2
	(The NHS Information Centre, 2010)

	NRT (Nicotine Replacement Therapy) 
	Prescription
	21
	(The NHS Information Centre, 2010)

	Bupropion (Zyban)
	Prescription
	37
	(The NHS Information Centre, 2010)

	Varenicline (Champix) 
	Prescription
	35
	(The NHS Information Centre, 2010)



Table 2 Parameters for the model
	Parameters
	Value
	Source

	Prevalence and incidence
	
	

	Prevalence of smoking
	22%
	(Robinson & Bugler, 2010)

	Yearly incidence
	0.34%
	(Office for National Statistics, 2004)

	Background cessation rate
	2.00%
	(Godfrey, Parrott, Coleman, & Pound, 2005)

	 
	 
	 

	Probability of relapse 
	 
	 

	Relapse by 12 months 
	65%
	[bookmark: OLE_LINK7](Stapleton, Sutherland, & Russell, 1998) and (Godfrey et al., 2005)

	Relapse beyond 12 months 
	30%
	(Etter & Stapleton, 2006)

	 
	 
	 

	Mortality 
	 
	 

	Mortality of continuing smokers
	 
	(Doll, Peto, & Boreham, 2004)

	Age 45-54
	0.85%
	(Doll et al., 2004)

	Age 55-64
	2.14%
	(Doll et al., 2004)

	Age 65-74
	5.07%	
	(Doll et al., 2004)

	Age 75+
	11.22%
	(Doll et al., 2004)

	Mortality of former smokers
	
	(Doll et al., 2004)

	Age 45-54
	0.54%
	(Doll et al., 2004)

	Age 55-64
	1.37%
	(Doll et al., 2004)

	Age 65-74
	3.03%
	(Doll et al., 2004)

	Age 75+
	6.69%
	(Doll et al., 2004)

	 
	 
	 

	[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Yearly discount rate
	 
	 

	Cost discount rate 
	3.5%
	 (NICE, 2008)

	Outcome (QALY) discount rate
	3.5%
	(NICE, 2008)



[bookmark: OLE_LINK16][bookmark: OLE_LINK17]
Table 3 Summary of cost by trial arm, values are mean (standard deviation) costs. 
	Cost Item
	Intervention group (£) (n=1514)
	Control group (£) (n=1795)
	Difference* (£)             (95% CI)

	Recruitment cost
	33.17(0)
	33.17(0)
	--

	Design cost of the intervention
	2.73(0)
	--
	--

	Cost of generating and mailing interventions
	8.80(0)
	4.09(0)
	-- 

	Total cost of interventions
	44.70(0)
	37.26(0)
	-- 

	[bookmark: _Hlk301963142]Cost of help from GP
	5.57 (17.15)
	6.17 (20.15)
	-0.60 (-1.88 to 0.69)

	Cost of help from practice nurse
	1.35 (6.07)
	1.40 (5.86)
	-0.05 (-0.46 to 0.35)

	Cost of help from pharmacists
	0.34 (1.51)
	0.22 (1.06)
	0.12 (0.03 to 0.21)

	Cost of help from NHS smoking cessation class
	1.71 (13.31)
	1.92 (14.71)
	-0.20 (-1.17 to 0.76)

	Cost of help from NHS helpline
	0.25 (1.42)
	0.30 (1.89)
	-0.05 (-0.17 to 0.06)

	Prescription cost
	2.58 (8.55)
	2.11 (6.87)
	0.47 (-0.06 to 1.01)

	Cost of NRT
	5.60 (21.58)
	4.29 (16.49)
	1.31 (-0.02 to 2.64)

	Cost of Zyban
	0.66 (5.59)
	0.91 (7.04)
	-0.25 (-0.68 to 0.18)

	Cost of Champix
	2.57 (17.33)
	2.22 (14.43)
	0.34 (-0.74 to 1.43)

	Total cost of health resources use
	20.63 (57.82)
	19.54 (55.46)
	1.09 (-2.78 to 4.96)

	Total cost per participant
	65.33 (57.82)
	56.80 (55.46)
	8.53 (4.66 to 12.40)


* Difference = Cost for intervention group – Cost for control group
 
Table 4 Utility scores (EQ-5D index scores) and QALYs by trial arm
	
	Intervention group (n=1514)
	Control group 
 (n=1795)
	Difference *(£)             (95% CI)

	Baseline EQ-5D scores
	0.7879 (0.2869) 
	0.8007 (0.2751)
	-0.0128 (-0.320 to 0.0064)

	6-month follow-up EQ-5D scores
	0.7876 (0.2907) 
	0.7956 (0.2850)
	-0.0080 (-0.0277 to -0.0116) 

	QALYs**
	0.3939 (0.1368)
	0.3991 (0.1325)
	-0.0052 (-0.0144 to 0.0040)

	QALYs***
	0.3970 (0.4385)
	0.3964 (0. 4385)
	0.0006 (-0.0024 to 0.0036)


* Difference = Utility for intervention group – Utility for control group
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]**No adjustment
*** Adjusted for baseline EQ-5D scores
 
Figures Captions 
Figure 1 Schematic and Transition matrix of the Markov model
Figure 2 Cost-effectiveness acceptability curves (CEACs)
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