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ABSTRACT
Background: Vaporised nicotine products (VNP) are more effective than nicotine replacement therapies (NRT) for smoking cessation in general populations, but their effectiveness among low socioeconomic groups is largely unknown.
Objective: To examine whether VNPs are more effective than NRT for smoking cessation among people experiencing social disadvantage.  
Design: Two-group, open-label, randomized trial, with blinded outcome ascertainment (Australian New Zealand Clinical Trials Registry ACTRN12621000076875).
Setting: Australia between March 2021 to December 2022.
Participants: 1045 daily smoking adults willing to quit and were receiving a government pension/allowance (proxy for social disadvantage). 
Intervention: Participants were randomly assigned (1:1) to either a free 8-week supply of NRT or VNPs and all participants received text message support.
Measurements: The primary outcome was 6-month continuous smoking abstinence verified using a carbon monoxide breath test at 7-month follow-up. Analysis included randomized participants in accordance with Russell Standard criteria and intention-to-treat principle. 
Results: Among 1045 randomized participants, 866 (82.9%) completed final follow-up. The verified 6-month continuous abstinence rate was 9∙6% (50/523) in the NRT group and 28∙4% (148/522) in the VNP group (posterior risk difference estimate, 18∙7%; 95% credible interval 14∙1% to 23∙3%; >99% posterior probability that VNP is superior).Self-reported adverse events occurred less frequently in the VNP group (355 events among 237 participants) compared to NRT group (442 events among 278 participants [incident rate ratio, 0∙75; 95% confidence interval, 0∙65 to 0∙88; P < ∙001]).
Limitations: Biochemical verification method tested short term exposure to cigarette smoke.
Conclusion: Findings indicate that VNPs were more effective than NRT for smoking cessation in this population. Given the challenges for cessation among this socially disadvantaged populations, VNPs present a promising treatment option for this priority group. 
Primary Funding Source: Australian National Health and Medical Research Council














INTRODUCTION
Reductions in smoking have occurred in most high-income countries. However, people of low socio-economic status (low-SES) populations in these countries have higher smoking rates and are disproportionately affected by the harms of smoking (1,2,3,4,5). Smoking remains a leading cause of health and financial disparities (6). Therefore, more effective smoking cessation interventions are needed for smokers experiencing social disadvantage. 
Compared to nicotine replacement therapy (NRT), vaporised nicotine products (VNPs) have a nicotine pharmacokinetic profile closer to smoking cigarettes (7), are more effective at reducing withdrawal symptoms and urges to smoke (8), and are associated with higher treatment adherence (9,10,11). In this trial, NRT gum and lozenge was chosen as an appropriate comparator because both treatments are oral forms of nicotine replacement products that act by relieving nicotine cravings during quit attempts (Section 1 in Supplement 1). Unlike NRT, VNPs are not currently approved as medicines and may have a higher health risk profile (12). 
A Cochrane review found high-certainty evidence from seven randomized clinical trials (RCTs) in the general population that VNPs have higher quit rates than NRT (11). However, the role of VNPs in smoking cessation among low-SES groups is uncertain (Section 2 in Supplement 1). Additionally, newer “pod” devices with nicotine salts have a better pharmacokinetic profile than early generation VNPs, and growing global market share, but few have been tested in RCTs (11, 13). 
This trial evaluated the effectiveness of VNPs compared to NRT for smoking cessation alongside minimal behavioural support among people from low-SES background. To partially mimic routine practice conditions and the role of product choice and preferences, participants were provided two VNP devices (tank and pod) and three e-liquid flavours in the VNP group and choice of gum or lozenge in the NRT group. 
METHODS
Trial Design
This parallel two-group, superiority, open-label, single-blind (outcome ascertainment) RCT was undertaken in a community setting in New South Wales (NSW), Australia between March 30, 2021 to December 8, 2022. The Trial Coordinating Centre at the National Drug and Alcohol Research Centre managed the screening, consenting and check-in calls (the sole study site for the trial). An independent contract research organization conducted the baseline and follow-up telephone interviews. 
The trial protocol is published elsewhere (14) and available in Supplement 2. Details on Australian regulation of nicotine e-liquid and health bodies’ recommendations on VNP use are presented in Section 3 and Section 4 in Supplement 1. The University of New South Wales, Sydney, Human Research Ethics Committee (HC191025) approved the trial, which was conducted under a Therapeutic Goods Administration Clinical Trial Notification (CT-2020-CTN-00088-1).
Participants
Participants were recruited from Sydney and greater catchment area, predominately via Meta (Facebook and Instagram) advertising. Eligible participants smoked daily, were aged 18 years and over, were willing to make a quit attempt within two weeks of screening and were receiving a government pension or allowance (proxy for low-SES/social disadvantage). This marker for social disadvantage is robust as the Australian security system is means-tested and nationally applied for all government issued pensions and allowances. Prospective participants were screened via telephone with those eligible providing written informed consent via online or hard-copy methods. The study physician reviewed screening records and provided approval for enrolment.
Randomization and Masking
The contract research organization completed the baseline telephone interview, after which participants were randomized to the VNP or NRT group in a 1:1 ratio. Allocations used a permuted block design (block sizes of 12 and 16) in a pre-generated randomization list embedded in the contract research organization ’s data collection system (UNICOM® Intelligence). Only the independent statistician at the contract research organization had access to the pre-generated randomization list. 
Contract research organization interviewers were blinded to participants’ treatment allocation at 7-month follow-up. Participants and Trial Coordinating Centre staff could not be blinded to treatment allocation. Data analysis was completed with blinding to treatment groups. 
Randomization and masking occurred as per protocol (trial fidelity) with the exception of a single protocol deviation. The protocol deviation resulted in 10 participants incorrectly assigned to the VNP group by default. The University of New South Wales HREC approved the corrective action of excluding these participants from analyses (see Appendix A in Supplement 2) leaving a total sample of 1045 participants to analyse following removal of 3 participants that had died as per the Russell Standard. 
Procedures
Participants were mailed either NRT or VNP (2 x 4-week supply), dosage instructions, a designated quit date (day 8 post-randomization) and information on common side effects. 
Two check-in calls were completed within one month post-baseline interview to measure smoking abstinence, treatment adherence, and adverse events. At 7-months post-baseline, participants completed a final telephone interview ($40AUD/$26USD reimbursement provided). Participants who self-reported 6-month continuous abstinence were asked to complete a carbon monoxide (CO) breath test ($40AUD reimbursement provided) and this was completed either in-person or remotely with a Trial Coordinating Staff member monitoring test completion. Participants were informed that the CO test would identify exposure to smoking but not the length that it could be detected. 
Further details on the study procedures can be found in Section 5  and information on CO testing is provided in Section 8 in Supplement 1.
Treatments
NRT group
Participants had the choice of 4mg nicotine gum or lozenges (mint flavour) at baseline for their first 4-week supply. During check-in calls, they could choose to switch products for their second 4-week supply. They received up to 8 weeks’ supply of gum or lozenges (maximum daily dosage 15 pieces). 
VNP group
Participants received up to 8 weeks’ supply of nicotine e-liquid to use in two vaporizing devices: i) a tank device (Innokin Endura T18) with 18mg/ml nicotine freebase liquid and ii) a pod device (alt.) with 40mg/ml nicotine salt liquid. Each type of e-liquid was provided in three flavours (tobacco, menthol, and fruit) for the first 4-week supply. Participants could choose to use one or both devices and select between one or multiple flavours in their second 4-week supply. 
Section 6 in Supplement 1 provides further details on the treatments. 



Behavioural Support
All participants received behavioural support via automated text messages for five weeks comprising 93 general and 19 treatment-specific messages (Section 7 in Supplement 1).
Outcomes
Sociodemographics, smoking history and self-reported respiratory symptoms (15, 16) were collected at baseline and smoking status, adverse events, respiratory symptoms and treatment adherence at check-in calls. Self-reported smoking abstinence, adverse events and respiratory symptoms were collected at 7-month follow-up.
The primary outcome was verified 6-month continuous abstinence assessed at 7-month follow-up. Continuous abstinence was defined with the Russell Standard (17) as remaining abstinent for 6-months (self-report of having smoked ≤5 tobacco cigarettes in that time), and a CO level of ≤5ppm to verify smoking abstinence (Section 8 in Supplement 1) (18, 19).  
Secondary effectiveness outcomes were: i) self-reported 6-month continuous abstinence at 7-month follow-up; ii) 7-day point-prevalence abstinence at check-in call 2 and 7-month follow-up; and iii) self-reported reduction (≥50% reduction) in cigarette consumption between baseline and 7-month follow-up. 
Secondary adverse event and respiratory outcomes assessed from baseline to 7-month follow-up were: i) adverse event incidence rate and ii) change in self-reported respiratory symptoms (LTRI-VAS and Medical Research Council [MRC] Dyspnoea Scale) (15, 16). Adverse events were summarized using Medical Dictionary for Regulatory Activities (MedDRA) terminology and severity assessed using the Common Terminology Criteria for Adverse Events (version 4.0). Causality was assessed using the World Health Organization criteria (Section 9 in Supplement 1). 
Other secondary outcomes included treatment adherence measured via the proportion initiating treatment, consumption at check-in calls, treatment discontinuation and continued product use at 7-month follow-up. 
Full details regarding trial outcomes are provided in the statistical analysis plan (Supplement 2).    
Statistical Analysis
All analyses were pre-planned  at the exception of one post-hoc analysis request by a reviewer during the editorial process. The target sample size for the trial was 1058 participants in total (529 per group) to provide a power of 80% at a two-sided significance level of 0∙05 and assuming 20% loss to follow-up. A verified 6-month continuous abstinence rate for the NRT group of 8% was assumed and 14% for the VNP group (20, 21). Further details regarding sample size calculations are provided in the statistical analysis plan (Supplement 2).    
The primary effectiveness outcome was conducted on intention-to-treat. All randomized participants were included in the analysis and classified as smoking unless self-reporting 6-month continuous abstinence verified by a CO test. Participants lost to follow-up or who self-reported continuous abstinence without bio-confirmation were classified as smoking (17). As per the Russell Standard, participants who had died (n=3) were excluded from analysis (17).
A Bayesian beta-binomial posterior distribution was constructed for the quit proportions for the NRT and VNP groups using a non-informative uniform Beta (1, 1) prior and one million Monte Carlo simulations drawn from each posterior distribution. Superiority of VNP over NRT was established if the posterior probability for the primary effectiveness outcome in the VNP group was greater than the posterior probability in the NRT group in 97∙5% of random draws. 
Sensitivity analyses of the primary outcome combines evidence from this trial with existing evidence from previous trials, via informative beta priors based on Cochrane review data for NRT and VNP treatment (11, 22). A Bayesian approach was used because it provided a natural and principled way of extending the Bayesian non-informative prior analysis to incorporate previous trials contained within the Cochrane review by simply altering the beta prior as appropriate. The estimated treatment effect and its 95% credible interval (CrI) were derived from the difference between the two posterior distributions. Further details on sensitivity analyses are provided in Section 10 in Supplement 1.
Separate subgroup analyses for the primary outcome were performed by age, sex, nicotine dependence and mental illness. These analyses proceeded in the same manner as the primary Bayesian analysis with uninformative priors. Further pre-specified sensitivity analysis for the primary effectiveness outcome were undertaken including using multiple imputation to account for missing data and excluding participants with missing data and participants with protocol deviations (i.e., use of non-assigned study treatment). 
Adverse event analyses were conducted on all participants who reported using at least one dose of the study treatments.
An independent Data and Safety Monitoring Committee reviewed trial progress and adverse event data.
Further details on secondary outcome analyses and adverse event and respiratory analyses are provided in the statistical analysis plan (Supplement 2). 
A single post-hoc analysis was conducted to examine continued use of allocated product at final follow-up for NRT and VNP group.
All analyses were conducted with Stata software, version 16. Plots were created using R version 4.2.1.
Role of the Funding Source
The trial funder had no role in the design and conduct of the study; collection, management, analysis, and interpretation of data; preparation, review or approval of the manuscript; and decision to submit the manuscript for publication.  
RESULTS
Participants
From 2348 expressions of interest, 1295 completed screening with 1048 participants randomized between March 2021 and March 2022 with three participants dying during data collection period, leaving a total sample of 1045 (523 participants in the NRT group and 522 participants in the VNP group) for analysis. The sample was predominately middle-aged (median 50 years), female (67%) and smoked a median of 20 cigarettes per day, with 42% reporting either a recent diagnosis or treatment for a mental health disorder (Table 1 in Manuscript and Table 6 in Supplement 1). Of the 1045 participants, 82.9% completed the 7-month follow-up (Figure 1). All randomized participants received a text message support program, and 910 (87%) participants completed the text message program. 
Primary Abstinence Outcome
[bookmark: _Hlk146017755]Six-month verified continuous abstinence was 9∙6% in the NRT group and 28∙4% in the VNP group (Table 2). The Bayesian posterior treatment effect estimate of the risk difference between NRT and VNP was 18∙7% (95% CrI: 14∙1% to 23∙3%; >99% posterior probability that VNP is superior). The estimated posterior probability of superiority of VNP over NRT was greater than 99.9% with a uniform beta (1,1) prior. 
Sensitivity Analyses
The sensitivity analyses using informative beta power priors based on the Cochrane review data supported these findings (Figure 2 [20% power prior weighting] and Table 5 in Supplement 1). Distribution of quit rates for NRT and VNP for additional power prior weighting at 30%, 40% and 50% are provided in Supplement 1 (Figures 3, 4 and 5 respectively). The sensitivity analysis (Table 7 in Supplement 1) showed a significant difference favouring VNP (36∙3% vs 11∙8%; risk difference estimate 24∙3%; 95% CrI, 18∙3% to 30∙2%; >99% posterior probability that VNP is superior). The per protocol estimated posterior probability of superiority of VNP over NRT was greater than 99∙9%. 
Subgroup Analyses
Subgroup analyses (Table 8 in Supplement 1) for 6-month verified continuous abstinence by age, sex, nicotine dependence and mental illness indicated VNP was more effective than NRT for each subgroup analysis. Comparable quit rates within treatment groups were found for those with and without a recent diagnosis or treatment for mental illness (9% vs 10% for NRT and 26% vs 30% for VNP, respectively).
Secondary Abstinence Outcomes
All self-reported abstinence rates were significantly higher in the VNP group compared to NRT (Table 2). No significant differences by treatment group were identified for cigarettes per day or proportion that reduced smoking from baseline among those continuing to smoke at 7-month follow-up (Table 9 in Supplement 1). 
Adverse Event Outcomes
Among participants reporting treatment use, self-reported adverse events (Table 3) occurred less frequently in the VNP group (355 events reported by 237 participants) than in the NRT group (442 events reported by 278 participants), the incidence rate ratio (IRR) was 0∙75 (95% CI, 0∙65 to 0∙88; P<∙001). The Beta-Binomial model results supported this result with an estimated 11∙5% fewer participants experiencing any adverse events in the VNP group (posterior risk difference -11∙5%; 95% CrI -17∙6% to -5∙3%; Pr [VNP > NRT] < .01). The most frequent adverse events were COVID-19, cough, headache and nausea. Cough and headache occurred more frequently in the VNP group and nausea occurred more frequently in the NRT group. Occurrence of serious adverse events did not differ between the groups (Table 3 in Manuscript and Table 10 in Supplement 1), the IRR was 1∙43 (95% CI, 0∙85 to 2∙38; P = ∙18). The Beta-Binomial model results supported this result (posterior risk difference 2∙0%; 95% CrI -1∙1% to 5∙1%; Pr [VNP > NRT] = .90). 
Respiratory Outcomes 
Respiratory symptoms between VNP and NRT groups assessed via change in LRTI-VAS (15) or MRC Dyspnoea Scale (16) did not differ between baseline, at check-in call 2 or at final follow-up (Table 4). 
Treatment Adherence
Most participants (91∙6% in NRT group and 97∙5% in VNP group) reported using at least one dose of treatment (RR 1∙009 95% CI 0∙997 to 1∙020; P = 0∙156). Among treatment commencers at either check-in call, more NRT group participants (23∙2%) stopped treatment by check-in call 2, compared to the VNP group (2∙2%, OR 16∙30 95% CI 8∙61 to 30∙84; P < ∙001). The predominant reasons for NRT discontinuation were “did not like the taste” (n=32, 6∙1%) and “experienced side effect” (n=31, 5∙9%). Predominant reasons for VNP discontinuation were “unrelated medical condition” (n=3, 0∙6%) and “stress/stressful life” (n=2, 0∙4%). 
Of VNP group participants who completed a check-in call (n=510), 355 (69∙6%) had used both devices, 131 (25∙7%) had used pod only and 19 (3∙7%) had used tank only by check-in call 2. Among participants who had commenced treatment at either check-in call, the VNP group on average had used 16∙1mls (median = 10∙7mls) for both devices; 8∙3mls for pod and 10∙9mls for tank, by check-in call 2. The NRT group had used a median of 42 pieces of gum or lozenge by check-in call 2. 
[bookmark: _Hlk197515454][bookmark: _Hlk192757614]Data regarding continued use of allocated/ study supplied NRT or VNP products are provided in Table 5. For participants completing final 7-month follow-up, 129 (30∙9%) participants in the NRT group reported continued (at least weekly) use of allocated/ study supplied product compared to 253 (56∙3%) participants in the VNP group (OR 2.88, 95% CI, 2.18 to 3.81; P <.001). Among those meeting the primary outcome, 17 of 50 (34∙0%) in the NRT group continued to use of allocated/ study supplied NRT and 86 of 148 (58.1%) in the VNP group continued to vape allocated/ study supplied products at 7-month follow-up. 
Of the 253 participants in the VNP group that reported continued use of study allocated/ supplied VNPs at 7-month follow-up, 92 participants (36.4%) had self-reported obtaining their e-liquid via prescription. 
DISCUSSION
VNPs were more effective for smoking cessation than NRT alongside minimal behavioural support among a low-SES population wanting to quit. This effect was found for all smoking cessation measures at all timepoints. Consequently, VNPs may have a role in promoting smoking abstinence among groups experiencing socioeconomic disadvantage, as well as the general population. 
Few trials have evaluated the provision of multiple e-liquid flavours with an abundance of existing literature isolated to either single flavour provision or flavourless e-liquids. This trial is the largest evaluation of VNPs among a socio-economically disadvantaged population (11) and the first to evaluate a pod device in a priority population (11, 23). The current trial compared to previous active comparator trials, demonstrated a strong treatment effect for CO-verified 6-month continuous abstinence for VNPs (28∙4%) compared to NRT (9∙6%). 
[bookmark: _Hlk153963841]This trial had some key features that may have increased quit rates. First, many previous trials have adopted inferior older generation devices with lower strength nicotine e-liquids (i.e., typically less than 12mg/ml) and poorer nicotine delivery, which has likely led to underdosing (11). The current trial adopted the latest generation “pod device” with a liquid containing 40mg/mL of nicotine which is likely to have provided improved nicotine delivery compared to older generation VNP devices (7, 24), resulting in improved alleviation of withdrawal symptoms (25). Secondly, the study design partially replicated the routine setting in the community by allowing device and flavour preferences. Previous trials have often supplied a single device and flavour, typically tobacco. The current trial’s unique design may have assisted participants to quit, resulting in the highest verified 6-month continuous abstinence rate for VNPs amongst socially disadvantaged smokers. Whilst flavours and product choice may be important, systematic review data suggests that the role of different flavoured VNPs on smoking cessation is inconclusive (26).  
The trial findings include some caveats. As demonstrated in this trial and others (20), VNPs compared to existing treatments have a higher rate of continued use at follow-up. While current evidence suggests switching completely from cigarette smoking to VNPs reduces health risks, the long-term health effects of vaping are largely unknown (27) and data is emerging that demonstrates vaping can impact cardiovascular health (28, 29). Data regarding adverse event profile of newer generation VNPs is scant, and additional adverse event data compared to NRT and other smoking cessation aids are required. Further research is also needed on assisting people using VNPs to also cease vaping without returning to smoking.  
[bookmark: _Hlk153962172]The trial had some limitations. First, treatment assignment could not be blinded and this could have affected trial results. Second, participants in the NRT group only had a choice of gum or lozenge, however offering a wider choice of NRT products in previous trials has not been found to improve abstinence outcomes (30, 31). 
Third, despite the potential novel appeal of VNPs, the Australian regulatory context and its potential effect on cessation needs to be considered. Most of Australia’s peak public health bodies either cautioned against or publicly discouraged use of VNPs throughout the trial (Section 4 in Supplement 1). In comparison, NRT was positioned as a frontline licensed smoking cessation aid and promoted with unanimous endorsement from peak health bodies. This may have produced more favourable perceptions of NRT. To the contrary, those allocated to NRT, and who had previously used NRT, may have considered this an inferior product and not used it appropriately, thus favouring the VNP group. However, the quit rates observed in the NRT group are similar to those observed in the Cochrane review (11).  
Fourth, the current trial was not a direct comparison of two treatments with equal access pathways for continued supply. The effect of this phenomenon in this RCT is unknown, and this applies more broadly as different regulatory controls on access to VNPs and NRT exist internationally.  
Fifth, data reported on continued use of NRT and VNP was confined to allocated/ study supplied product use only and likely to have underestimated continued use of products. Further studies are required to establish continued use of VNP over longer timepoints and across the diverse range of VNPs available.
Finally, despite CO testing being a practical, cost-efficient and rigorous approach to verify abstinence and minimise misreporting of abstinence in smoking cessation trials (32), it only detects exposure to smoking within the previous 24-hour period. This may have led to some false negative results. A low CO cut-point of ≤5ppm was used in this trial as lower cut-off points lead to greater accuracy, and this is a Treatment Research Network recommendation when evaluating new smoking cessation treatments (18, 32). 
[bookmark: _Hlk153963803]While 95% of participants in the VNP group that completed a check-in call reported use of a pod device, this trial was not designed to specifically examine the differential effectiveness of the VNP devices. Further trials are needed to strengthen the evidence-base for pod devices, and the role of different e-liquid flavour use for smoking cessation outcomes (11, 26). Continued vaping at long-term follow-up may be problematic unless necessary to maintain abstinence from smoking, but there is a need for interventions for subsequently stopping. The evidence base is scant for effective interventions for vaping cessation, although text message-based programs have shown promise (33). 
In the current trial among people experiencing social disadvantage, VNPs with flavour choice had greater effectiveness compared to NRT gum or lozenge when provided in combination with minimal text message behavioural support.   
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Figure 1. CONSORT DIAGRAM. Enrolment, randomization, group-allocation and follow-up 
* Not randomized (n = 10) to treatment group (see Appendix A in Statistical Analysis Plan in Supplement 2 for further details)
‡ Reason for withdrawal not provided (n = 6), unhappy with study product allocation (n = 5), and not interested in continuing the study (n = 3)
§ Reason for withdrawal not provided (n = 1), and not interested in continuing the study (n = 1)






















Figure 2. Distributions of quit rates for NRT and VNP
The figure illustrates how the Bayesian power prior analysis combines the Cochrane review data and the observed trial data into the posterior distribution from which the inference about the effectiveness of VNP vs NRT is drawn. Each curve represents the probability density for the corresponding quit rate proportion and is centered at the expected value of the quit rate. The taller and narrower the distribution, the less uncertainty there is around the quit rate. The prior distributions (top) incorporate data from the Cochrane review regarding previous trials for each product (VNP and NRT). In this case the power prior weights the Cochrane review data at 20%. The (scaled) binomial likelihood distributions (middle) are based only on the observed quit rates from the current trial. The posterior distributions (bottom) are the combination of the prior and likelihood distributions under a Bayesian framework (see Methods and Section 10 in Supplement 1). For VNP, the posterior distribution is located around halfway between the prior and likelihood distributions. The very low amount of overlap between the prior and likelihood distributions indicates that the quit rate of VNP achieved in the current trial was substantially higher than that observed in the Cochrane review. For NRT, the posterior distribution, prior distribution and likelihood all have approximately the same location indicating a large degree of consensus between these quit rates. The lack of overlap between the posteriors for VNP and NRT reflects the high probability that VNP is superior to NRT.
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