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Abstract

Background: In Australia, tobacco smoking rates have declined but inequalities remain with significantly higher
smoking prevalence among low-socioeconomic populations. Clinical trial data suggest vaporized nicotine products
(VNPs) aid smoking cessation. Most VNP trials have used refillable tank systems, but newer generation (pod) devices
now comprise the largest market share yet have limited clinical trial evidence on safety and effectiveness. This study
evaluates the effectiveness, safety and cost-effectiveness of VNPs (pod and tank device) compared with nicotine
replacement therapy ([NRT]—gum or lozenge) for smoking cessation.

Methods: This is a two-arm, open-label, superiority, parallel group, randomized controlled trial (RCT) with allocation
concealment and blinded outcome assessment. The RCT is conducted at the National Drug and Alcohol Research
Centre at the University of New South Wales, Sydney, Australia. Participants are people who smoke daily, are interested
in quitting and receive a government pension or allowance (N = 1058). Participants will be randomized (1:1 ratio)

to receive 8 weeks of free: VNPs, with pod (40 mg/mL nicotine salt) and tank device (18 mg/mL freebase nicotine) in
mixed flavours; or NRT (gum or lozenge; 4 mq). All participants will receive daily text message behavioural support

for 5 weeks. Assessments will be undertaken by telephone at baseline, with three follow-up calls (two check-in calls
within the first month and final follow-up at 7 months post randomization) to ascertain smoking status, treatment
adherence and adverse events. The primary outcome is 6-month continuous abstinence verified by carbon monoxide
breath test of <5ppm at 7-month follow-up. Safety and cost-effectiveness of VNPs versus NRT will also be evaluated.
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VNPs to aid smoking cessation in a priority group.
2021. https.//www.anzctr.org.au

disadvantage, Tobacco

Discussion: Further data are required to strengthen certainty of evidence for VNPs aiding smoking cessation, particu-
larly for newer generation pod devices. To our knowledge, this trial is the first to offer choice of VNPs and no compara-
tive effectiveness trial data exists for new pod devices. If effective, the findings can inform wider implementation of
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Background

In Australia, 10.7% of Australians (aged 18 or older)
smoke daily (approximately 2.1 million people) [1].
Smoking rates are higher among low-socioeconomic
(low-SES) groups in Australia and globally [1-3]. A recent
(2020-2021) national survey of Australians reported that
persons from disadvantaged areas were more than three
times as likely to be current daily smokers than those
from most advantaged areas, 17.8% vs. 5.8%, highlight-
ing this important driver of health inequalities [1]. Low-
SES smokers face multiple barriers to smoking cessation
including financial stress, high smoking rates in their
social network and higher nicotine dependence [4, 5].
Despite public health efforts, there is a lack of evidence
on effective smoking cessation interventions for low-SES
groups [6].

In most countries, the use of vaporized nicotine prod-
ucts (VNPs), commonly referred to as electronic ciga-
rettes or vaping, has increased over the last decade.
Recent (2019) Australian National Drug Strategy House-
hold Survey found that 39% of adults who smoke had ever
used a VNP, compared with 31% in 2016 [3]. Further-
more, 32% of people who use VNPs report using them
to quit smoking, 22% to reduce the number of cigarettes
smoked and 17.8% to stop them going back to smoking
regular cigarettes [3]. A national survey in the United
Kingdom (UK) found 33% of smokers report using VNPs
for smoking cessation, compared with 22% who report
using nicotine replacement therapy (NRT) [7].

VNPs have the potential to be more effective than
NRT because of their superior nicotine delivery [8-13],
a greater reduction in reported urges to smoke [10, 14]
and greater sensorimotor replacement, and they appear
to have greater adherence than NRT [10, 11, 15]. Fur-
thermore, VNPs are generally cheaper than cigarettes
and so are considered more affordable for low-income
populations. In recent years, newer fourth-generation
pod VNP devices have emerged, which appear to have
improved pharmacokinetic data compared to early-gen-
eration devices [11, 16, 17]. Fourth-generation VNPs can
produce concentrations of nicotine comparable to NRT
[8], with faster nicotine delivery and a pharmacokinetic

profile similar to smoking [12, 13, 18, 19]. Regarding
safety, clinical trial data on VNPs report a range of rela-
tively minor short-term side effects such as headache,
dry mouth, cough, nausea and mouth and throat irrita-
tion [20]. Whilst VNPs are generally considered much
less harmful than cigarette smoking because they expose
users to fewer harmful and potentially harmful chemi-
cals [9], data on adverse effects associated with long-term
VNP use are required.

Clinical trial evidence for VNPs aiding smoking cessa-
tion is limited by the number and quality of trials. A 2021
Cochrane review of 61 studies, including 34 randomized
controlled trials (RCTs) [20], found moderate-certainty
evidence (4 studies, 1924 participants) that VNPs were
more effective than NRT for long-term cessation rates
(risk ratio (RR) 1.53, 95% confidence interval (CI) 1.21
to 2.93; I = 0%). A longstanding limitation of these tri-
als, documented within this review, is that most RCTs
are small-scale RCTs, and some of the larger trials were
underpowered to detect statistically significant differ-
ences between VNPs and comparators [20]. Limitations
of previous trials include poor nicotine delivery or low
concentrations of nicotine in early-generation VNPs and
poor to modest retention of participants at final follow-
up [20]. To our knowledge, there is no existing compara-
tive effectiveness clinical trial data on fourth-generation
pod VNPs for smoking cessation.

Given Australia currently bans the sale of nicotine lig-
uids for vaping without a prescription, whereas these
products are far more accessible in the UK, United States
(US) and New Zealand, there is a need for more Austral-
ian data comparing VNPs with standard smoking cessa-
tion medications, such as NRT. The main objective of this
trial is to evaluate the effectiveness, cost-effectiveness
and safety of VNPs compared with oral NRT. Given the
significantly higher smoking rates among low-SES popu-
lations, this trial specifically evaluates the comparative
effectiveness of VNPs to NRT in this group. Pragmatic
use of nicotine products for smoking cessation involves
limited behavioural support and choice from a range of
products and flavours. In this trial, to partially mimic
real-world settings, we offer participants a choice of VNP
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or NRT product in each arm respectively and provide
minimal behavioural support via text messages [21].

Aim

To evaluate the effectiveness, safety and cost-effective-
ness of VNPs (pod device with 40 mg/mL nicotine salt
and tank device with 18 mg/mL freebase nicotine) plus
text message behavioural support compared with oral
NRT (gum or lozenge; 4 mg) plus text message behav-
ioural support for smoking cessation in Australian low-
SES daily smokers who are willing to quit.

Hypotheses

It is hypothesized (H), compared to comparator group
(NRT), the intervention group (VNP) will show at
7-month follow-up:

H1 (effectiveness): a significantly higher 6-month
biochemically verified continuous abstinence rate;
H2: (safety): comparable short-term safety outcomes
(demonstrated via proportion of serious adverse
events (SAEs) and adverse events (AEs) reported for
NRT and VNP arms); and

H3 (cost-effectiveness): greater cost-effectiveness in
achieving 6-month continuous abstinence.

Methods

Design

This is a parallel two-group, superiority, open-label
RCT with a 1:1 treatment allocation ratio. This study is
reported using the SPIRIT reporting guidelines [22].

Setting

The trial will be undertaken in New South Wales (NSW),
Australia. Screening and consenting procedures will be
completed at the Trial Coordinating Centre (TCC) at the
National Drug and Alcohol Research Centre, University
of New South Wales, Sydney, Australia. Baseline and fol-
low-up computer-assisted telephone interviews (CATIs)
will be completed by an independent contract research
organization (CRO)—the Social Research Centre located
in Melbourne, Australia.

Participants

Participants will be people who receive a government
pension or allowance (a proxy of low-SES) who smoke
daily from Sydney and the wider catchment region, NSW.

Inclusion criteria

Participants will be included if they are at least 18 years
of age; in receipt of a government pension or allowance;
current daily smoker; interested in quitting smoking and
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willing to use the medication provided (VNP or NRT);
agree to use the allocated study product and refrain from
using other quit smoking medications whilst using the
study products; speak English; able to provide informed
consent; have a mobile telephone that can receive text
messages; willing to allow the research team and study
physician to access data for quality assurance and main-
tain integrity of trial data for the purposes of (i) the study
physician to make contact if required; (ii) the CRO to
conduct two CATIs; and (iii) mailing out of study prod-
ucts; available for follow-up over a 7-month period; and
willing to complete baseline and follow-up CATIs.

Exclusion criteria

Exclusion criteria comprise the following: currently par-
ticipating in another quit smoking programme/study;
currently using any quit smoking medications or prod-
ucts; diagnosed with unstable angina; hospitalized for
stroke, heart attack or another heart-related condition in
the last 2 weeks; women who are pregnant, breastfeeding
or planning to become pregnant in the next 7 months; or
deemed medically unfit, by the study physician, to par-
ticipate at the time of screening.

Recruitment

Participants from Sydney and the wider catchment region
are recruited predominately through study advertise-
ments across online and social media platforms such as
Facebook advertisements. Participants in a recently com-
pleted clinical trial comparing cytisine versus varenicline
for smoking cessation who consented to being contacted
about future research and were receiving a government
pension were also invited to take part [23].

Advertising briefly informs prospective participants
about the research study and advises that participation
will involve nicotine replacement products and support
to help them quit (at no financial cost). Advertisements
include a link to the study webpage, where people can
view the Participant Information Statement, complete
the contact form to receive a call-out from TCC staff to
complete screening, or contact the TCC staff directly
via the toll-free study number or email. Participants can
complete the consent form online or as a hard-copy ver-
sion sent via post. All participants will be provided with a
Participant Information Statement and consent form for
their records, either via mail or email, after completing
the screening and consent call.

After consent is obtained, participants are referred
to the study physician who will review screening files
and provide final approval for study enrolment. The
study physician will evaluate participants with a self-
reported cautionary condition via tele/video confer-
encing before progressing the participant to baseline
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data collection and randomization. The inclusion of
participants with any cautionary condition will be
at the study physician’s discretion, after the poten-
tial benefits have been weighed against the possible
risks. Further details on cautionary conditions and the
screening process can be found in the Supplementary
Materials (Additional File 1).
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Randomization: allocation concealment and sequence
generation

Following study physician sign off, participants will be
referred to the CRO for the baseline CATI and randomi-
zation. Further information is provided in the study flow
diagram (see Fig. 1). Participants will be randomized to a
treatment group after completion of the baseline CATI.

Recruitment
e Social Media Advertisement: Interested smokers are directed to study webpage

Fig. 1 Study flow diagram

and contact details provided to TCC
Previous Study Participants: TCC staff will contact participants of previously
completed trial who consented to be contacted about future research

v

Screening and Consenting (TCC)
Provide study information and answer any questions
Assess eligibility and current health conditions and medications
Obtain electronic (or hard-copy) consent

v

Authorise Study Enrolment (Study Physician)
Review participant files and complete teleconsultation (as required)
Provide final approval for study enrolment

v

Baseline CATI (CRO)
Complete baseline assessment and randomization
Advise of designated quit date (Day 8 post-randomization)

v

Product Dispensing (Genesis Research Services)
Occurs after baseline interview completion
Mail out first pack of allocated study products and information kit (includes
product details and instructions, PIS, withdrawal form and Department of
Human Services information and consent form)

v

Text Message Program (TCC)
Occurs after baseline interview completion
Enroll participants in the 5-week text message program

v

Check-in Calls (TCC)

Complete two check-in calls to collect data on adherence, safety, smoking status

o Check-in call 1 between 9t to 15t day from randomization
o Check-in call 2 between 22 to 28t day from randomization

v

Follow-up CATI (CRO)
Complete 7-month follow-up assessment (including self-reported 6-month
continuous abstinence)

v

Biochemical verification (TCC)
Complete carbon monoxide breath test for participants who self-reported 6-
month continuous abstinence)
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The data collection system at the CRO (UNICOM® Intel-
ligence) will assign a unique randomization number to
each participant using a pre-generated randomization list
embedded in the system. Allocations will be undertaken
using the permuted block design (with unequal block
sizes of 12 and 16). After baseline interview completion,
the system randomizes participants to treatment arms in
a 1:1 ratio. Only the independent statistician and script
programmers will have access to the pre-generated rand-
omization list.

Blinding

As there is a difference in dosage form and regimen,
participants and research staff who perform day-to-day
activities (including distributing products and conduct-
ing check-in calls) cannot be blinded. This means that
only single blinding is possible (i.e. only the independent
outcome assessor at the independent CRO will be blind).
The interviewers at the CRO who conduct outcome
assessments will use the unique study ID (i.e. randomiza-
tion number) and will not know the participant’s treat-
ment allocation.

Study treatments

Participants will be randomly allocated to either VNP
(pod device and tank device with nicotine e-liquids) or
NRT (a choice of nicotine gum or lozenge). After rand-
omization, the CRO will inform each participant about
their allocation and provide details on use of the study
products and the designated quit day (i.e. day 8 post ran-
domization). Participants will receive, alongside stand-
ard product monograph, a guide on how to use the study
product, as well as a consent form for releasing their
Medicare (prescription drugs and federally subsidized
out of hospital health services) claims information for
the cost-effectiveness analysis, although Medicare con-
sent is not a requirement for study participation. Par-
ticipants will be advised to follow the dosing regimen
as recommended by the manufacturer for NRT and use
VNPs ad libitum. The study treatments are provided in
two deliveries of 4 weeks’ supply and are dispatched from
either the TCC or Genesis Research Services, Broad-
meadow, NSW, Australia. Participants who report not
using their allocated product in their second check-in
call or do not complete their second check-in call will not
be sent the second pack; these participants are advised
to contact the TCC if they wish to receive their second
pack.

Intervention group

Participants in the VNP arm will receive up to 8 weeks’
supply of nicotine e-liquid to be used in a personal vapor-
izing device. Each participant receives two devices: a tank
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device (Innokin Endura T18) with 18 mg/mL freebase
nicotine e-liquid and a pod device (alt.) with 40 mg/mL
nicotine salt liquid in prefilled pods. Each type of nicotine
e-liquid is provided in three flavours (tobacco, menthol
and fruit). This study allows for participant preferences
(device type and flavours) to be accommodated in their
second pack of VNP products.

Comparator group

Participants in the NRT arm receive up to 8 weeks’ sup-
ply of 4 mg nicotine gum or lozenges. Participants choose
their preferred NRT, gum or lozenges, in mint flavour,
and are supplied with 15 pieces of gum or lozenges per
day in two deliveries of 4 weeks’ supply.

Study treatments (cont.)
Participants in both groups can change their treatment
preference for their second pack delivery. For example,
participants can elect to change oral NRT form or elect
to use e-liquids for a single VNP device or both devices
provided. Participants in the VNP arm can also elect for
single or mixed flavours in their second pack. Further
details on the flexible treatment approach are provided in
the Supplementary Materials (Additional File 2).
Participants in both arms are provided information on
how to access their assigned product to ensure they are
able to continue treatment if required beyond the 8-week
treatment period. Participants in the NRT arm will be
advised they can purchase their products over the coun-
ter from a community pharmacy/chemist or from super-
markets. Participants in the VNP arm will be provided
with a prescription from the study physician for nicotine
e-liquid and advised that they can purchase and import
up to 3 months’ supply per order in accordance with the
Australian Therapeutic Goods Administration Personal
Importation Scheme or purchase from a local pharmacy.
This ensures that both arms have similar access to prod-
ucts after the treatment period.

Text message quit support

All participants will receive behavioural support via text
message. Mobile phone-based quit smoking support
is effective [21, 24] and is recommended by the World
Health Organization (WHO) [25]. As a base platform,
text messages were developed from the WHO Be He@
Ithy, Be Mobile Handbook on how to implement mTo-
bacco Cessation [25] with wider consultation obtained
from members of the Trial Steering Committee to guide
development of modified, or newly developed general,
VNP-specific or NRT-specific text messages. Text mes-
sages were also developed specifically for the purposes
of the trial. The text message support programme is pro-
vided for a period of 5 weeks (35 days) and comprises a
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total 112 text messages, including 93 general messages
and 19 treatment-specific messages. The text message
programme includes information on how to use the study
products; tips for coping with nicotine withdrawal symp-
toms and side effects of their VNP/NRT products; study
progress updates; goals and planning; relapse prevention
and motivational ‘feel good’ messages.

Concomitant care
Concomitant medications are recorded at screening and
check-in calls.

Data collection and measurements

Follow-up

The independent CRO will complete all assessments at
baseline and follow-up (7 months post randomization)
using a structured CATI programme. Participants will be
reimbursed $40 for competing their 7-month telephone
interview.

Check-in calls

All participants will receive two check-in calls. Non-
adherence and AEs usually occur during the initial
phase of treatment, and hence two check-in calls will
be completed during the first month of treatment. Data
on smoking abstinence will be collected and researchers
provide brief behavioural support based on smoking sta-
tus. These calls will be completed by trained unblinded
research staff at the TCC.

Treatment adherence

Participants will receive clear instructions on the dos-
age regimen immediately after randomization by the
CRO. Participants will also receive consumer medicine
information and a leaflet detailing dosage regimen, des-
ignated quit day, common side effects and study contact
details along with the medication pack. Treatment adher-
ence will be monitored during the check-in calls, and
those who are not adherent will be encouraged to use
the medication as per the schedule. Self-reported treat-
ment adherence will also be assessed at 7-month follow-
up. Participants can choose to discontinue treatment at
any time, and participants will be advised to discontinue
treatment if any of the following occurs: (i) an SAE, con-
current illness or medical condition that the Principal
Investigator and study physician deem continued treat-
ment would not be in the participant’s best interest, (ii)
pregnancy or (iii) study termination.
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Measurements
The measures, and timepoints at which these are col-
lected, are summarized in Table 1.

Primary outcome

The primary outcome will be self-reported 6-month
continuous abstinence with biochemical verification
of abstinence at the 7-month follow-up. Continuous
6-month abstinence will be defined as having remained
abstinent for 6 months (self-report of having smoked
no more than five tobacco cigarettes in that time), and a
carbon monoxide (CO) level of <5 ppm to verify absti-
nence [38]. Only participants self-reporting continu-
ous abstinence from smoking tobacco at final follow-up
will be biochemically verified. CO level in exhaled air
will be measured using a hand-held Smokerlyzer device
(Micro™ or iCO™). A participant with an exhaled CO
level of <5 ppm will be considered abstinent [39]. Partici-
pants will be asked to either visit the TCC, have a trained
researcher attend their home to perform this test or com-
plete a mailed hand-held iCO™ CO breath test remotely
with accompanying instructions. Participants who opt to
complete remote iCO™ Smokerlyzer® will be mailed this
device and instructions and complete the test on a video
call with trained research staff from the TCC. Partici-
pants will be reimbursed $40 for their time. Participants
who self-report abstinence but do not complete the CO
breath test will be classified as smoking for the primary
outcome.

Secondary outcomes
Secondary outcomes are:

(i) Self-reported continuous abstinence at 7-month
follow-up (self-report of smoking not more than
five cigarettes from the final follow-up).

(ii) Self-reported 7-day point prevalence abstinence at
check-in calls and 7-month follow-up (self-report
of not having smoked at all [not even a puff]).

(iii) Reduction in number of cigarettes smoked per day
from baseline to 7-month follow-up; measured via
cigarette consumption among those not abstinent
from smoking (number of cigarettes smoked per
day; mean reduction and proportion of partici-
pants that achieved > 50% reduction at follow-up
compared to baseline cigarette consumption).

Safety monitoring

Participants will receive two check-in calls during the
first 4 weeks of the 8-week treatment period. The check-
in calls assess smoking status, treatment adherence, AEs
or SAEs, and any changes to concomitant medication.
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Table 1 Measures
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Study period

Screening

Check-in call 1
(days 9-15)

Baseline
(day 1)

Check-in call2  Final follow-up
(days 22-28) (7 months post
randomization)

Enrolment
Eligibility screen X
Informed consent X
Treatment allocation (randomization)

Assessments

Demographic information: age, sex, postcode, receipt of govern- X
ment pension

Sociodemographic information: ancestry, education, marital
status, family composition

Socioeconomic demographics: employment status, income
Study treatment adherence

Adverse events

Self-reported abstinence

Smoking information: daily consumption, withdrawal symptoms,
urges [26]

Smoking (and quitting) history, self-efficacy, attitude, identity
[27-30]

Financial stress [31, 32]

Alcohol use (AUDIT-C) [33]

Cannabis use and drug/alcohol treatment

Psychological distress (K10) [34]

Quiality of Life (EQ5D-5L) [35]

Respiratory symptoms [36, 37]

Study treatment feedback

Acceptability of text message support

Concomitant medications X
Carbon monoxide verified abstinence

X X X X
X X X X
X X X X X

X X X X X X

> X X X

A toll-free number is available for participants to self-
report the occurrence of any AEs and seek advice from
the TCC staff. A Clinical Advisory Committee, TCC
research team and an independent Data Safety Moni-
toring Committee (DSMC) will oversee participants’
safety, medication use and safety data collection. Any AE
or SAE will be followed up until resolved or insufficient
follow-up is established, this can extend beyond the final
7-month follow-up.

An AE will include any illness, signs or symptoms or
clinically significant abnormality that has appeared or
worsened during the clinical trial, regardless of its causal
relationship to the study medications. All AEs will be
carefully evaluated and summarized using Medical Dic-
tionary for Regulatory Activities (MedDRA) coding. The
severity will be assessed using Common Terminology
Criteria for Adverse Events version 4.0 general guidelines
(i.e. grade 1: mild AE; grade 2: moderate AE; grade 3:
severe AE; grade 4: life-threatening or disabling AE; and

grade 5: death related to AE). Causality will be assessed
using the WHO criteria for causality assessment (certain,
probable/likely, possible, unlikely, conditional/unclassi-
fied and unassessable/unclassifiable).

There are no formal stopping rules set for this study,
but an independent DSMC will evaluate the safety data
emerging from the study at least biannually and make
recommendations on whether to continue the trial with-
out changes, continue with changes or terminate the trial.

Sample size

The study plans to enrol 1058 participants in total (529
per group) to provide a power of 80%, for a two-sided
significance level of 0.05 and assuming a 20% loss to
follow-up. In Hajek et al. [40], 12-month verified absti-
nence rates in the NRT group were 9.9%. Assuming
~25% relapse between 6 and 12 months [41], this would
translate to a 6-month abstinence rate of 13.2%. How-
ever, we expect abstinence rates to be 40% lower in the
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comparator arm in this trial as we are (a) using lower
intensity behavioural support (text messaging compared
to multi-session face-to-face), (b) providing a single NRT
(the majority of participants in Hajek et al 2019 used
combination treatment) and (c) recruiting participants
from a population that is expected to have low quit self-
efficacy. Using these assumptions, the estimated verified
6-month continuous abstinence rate in our NRT group is
8%. Using the risk ratio of 1.8 found in the Hajek et al.
study, we assume a 6-month verified continuous absti-
nence rate of 14% in our VNP group. In a recent smok-
ing cessation RCT among Australian low-SES smokers
(n = 1047), 84% retention was achieved at final 8-month
follow-up, despite higher study demands on partici-
pants (length and number of calls) [42]. Given the cur-
rent study has fewer study demands on participants and a
shorter follow-up period compared to the previous study,
we expect the loss to follow-up to be at least comparable.

Data management

The data captured at the TCC will use a specifically
designed database which has a secure gateway (Global-
Protect). The study physician and product dispensing
research team will have restricted access to the database.
The data collected at the CRO will be stored in an elec-
tronic database, UNICOM?® Intelligence. The secured file
exchange portal, ShareFile®, will be used for transferring
files between the TCC and CRO databases.

Data analysis

Baseline characteristics

Baseline characteristics of the NRT and VNP groups will
be presented using frequency and percentages for cate-
gorical variables and means/standard deviations or medi-
ans/interquartile ranges for continuous measures.

Treatment effects

A Bayesian beta-binomial posterior distribution for the
quit proportions will be constructed for the NRT and
VNP group separately and one million random draws
from each posterior distribution will be taken. Superior-
ity of VNP over NRT will be established if the posterior
probability of quitting in the VNP arm is greater than
corresponding posterior probability in the NRT arm in
97.5% of random draws. A beta(1,1) prior (non-informa-
tive) will be used for the primary analysis, but sensitivity
analyses will use informative beta priors based on previ-
ously published results for NRT and VNP. Given the field
is evolving rapidly with new studies, it is inappropriate to
pre-specify exact priors at this stage. The trial statistical
analysis plan will be updated prior to data analysis and
the most updated priors will be selected from the lat-
est Cochrane review. A similar Bayesian analysis will be
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conducted for the proportions of SAEs and AEs in each
study arm, and 95% credible intervals will be reported for
abstinence rates in each arm and for the difference in quit
proportions.

The primary effectiveness analysis will be conducted in
accordance with the intention-to-treat principle. All ran-
domized participants will be included in the analysis set
and will be classified as still smoking unless self-reported
continuous abstinence is verified by CO breath test. The
primary analysis will consider individuals with missing
smoking status at follow-up as treatment failures. Sensi-
tivity analyses will be conducted with alternative missing
data assumptions and excluding participants with proto-
col deviations [43]. Further details of all statistical analy-
ses will be included in the statistical analysis plan.

Tolerability analysis

The primary AE outcome will be the difference in the
rate of AEs between the treatment groups. The inci-
dence of all suspected AEs will be summarized by treat-
ment group, as follows: type, severity, causality, action
taken and outcome. All randomized participants who
take at least one dose of NRT or VNP will be included
in the safety analyses. Comparison of the frequency
of treatment withdrawal between the NRT group and
VNP group will be tested using chi-square statistics. The
number of participants discontinuing treatment prema-
turely for any reason will be summarized by treatment
group and by reasons for discontinuation. The DSMC
provide periodic oversight of AE data. For the primary
AE outcome, the proportion of reported AEs occurring
between treatment initiation and 7-month follow-up will
be compared between the two treatment groups. The
most frequent AEs (occurrence of >5%) will be presented
by MedDRA term and compared between treatment
groups. All SAEs will be presented by MedDRA term,
event type and treatment group. An analysis of AE occur-
rence between VNP and NRT will also be conducted for
participants reporting an AE start date within 28 days
after the baseline interview. The between-group differ-
ence for the rate of AEs will be modelled using negative
binomial regression. The analysis of the AEs will be sum-
marized using the incidence rate ratio and 95% CI for the
VNP group compared with the NRT group. This analysis
will be two-sided and use a significance threshold of 0.05.

Health economic analyses

The cost-effectiveness analysis will take a healthcare per-
spective. Costs will be captured by staff recording time
taken and resources used for assessment, administra-
tion, managing any complications or AEs, and interven-
tion-related costs assuming that both NRT and VNP are
subsidized by the government. There is a limited ability
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to estimate the costs of VNP if subsidized in Australia,
but we will conduct sensitivity analyses under differ-
ent cost scenarios. Additional cost differences relating
to other general healthcare use (Medicare) will be cap-
tured through data linkage. First, a within-trial analysis
will be undertaken of the additional cost per additional
quitter. Given that the majority of the health benefits and
cost savings from quitting are likely to be experienced
post trial, the implications for quality-adjusted life years
(QALYs) and future costs will be modelled over the life-
time using an individual-level simulation model which
considers smoking intensity, future smoking behaviour
and cessation attempts and the estimated impacts on
lung cancer, chronic obstructive pulmonary disease,
myocardial infarctions and stroke and the cost per QALY
will be estimated. Future relapse rates, cessation attempts
and other parameters for the individual-level simulation
model will be estimated for Australia using the House-
hold Income and Labour Dynamics in Australia data
which includes self-reported smoking behaviour. Given
the limited data available on the long-term health risk
of VNP, we will model a range of plausible scenarios
based on varying numbers of long-term users informed
by those still using VNP at the end of follow-up and per-
centage reductions in smoking-related disease risk. Both
the within-trial and modelled cost-effectiveness analysis
will include probabilistic sensitivity analysis to explore
the robustness of the conclusions and the potential impli-
cations of lower levels of adherence in non-trial setting.

Discussion

The results of this trial will make an important contribu-
tion to the evidence base for the comparative effective-
ness of VNP and NRT as smoking cessation aids. This
trial is pragmatic. In the real-world setting, people who
want to use VNPs for smoking cessation have a choice
of products, nicotine strength and flavours. This was
the case in Hajek et al., where participants were given a
specific device and flavours, but were free to change, at
their own expense. This study provides people with two
VNP devices and mixed flavours in their first pack. Par-
ticipants can tailor their second pack to their preferred
device and flavours. The devices were chosen because of
their popularity, safety profile and adherence to TGO 110
(Therapeutic Goods Standard for Nicotine Vaping Prod-
ucts Order) [44]. The exploratory aspect of this trial, flex-
ible choice of device and flavour, will be informative on
the impact of choice on treatment adherence and cessa-
tion rates.

It is important to consider the Australian regula-
tory context which is more restrictive than the UK, US
and New Zealand environments. In Australia, people
are required to have a doctor’s prescription for VNPs
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including nicotine concentration; however, flavours do
not need to be specified. For purchase at an Australian
pharmacy, doctors must be registered with the Austral-
ian Therapeutic Goods Administration as an authorized
prescriber of unapproved nicotine vaping products. This
trial provides participants randomized to the VNP arm
with a 6-month supply prescription of nicotine e-liquid
(in both tank and pod form). Whilst we provide a valid
prescription, Australia’s access scheme is more com-
plex, compared to other developed countries where
they are licensed for use as a quit smoking aid, and this
may impact participant’s ongoing access and treatment
adherence.

Most people who make quit attempts do so without
using counselling services. However, it is best practice,
and a requirement of the Australian Pharmaceutical Ben-
efits Scheme subsidization of smoking cessation medi-
cines, to offer people behavioural support for their
medication-assisted quit attempt. Based on earlier work
with low-SES populations [21, 24], we opted to offer text
message support. We developed the programme from
a publicly available message bank (WHO) [25], which
includes messages about NRT. Simple messages were cre-
ated to support people using VNP, ensuring a balanced
number of similar messages relevant to NRT use in the
NRT arm.

Other strengths of the study are its sample size and rig-
orous study design. It offers flexibility for participants to
complete data collection processes remotely (telephone
interviews, text message behavioural support, remote
breath testing), which will allow for high recruitment
and retention rates and continuity during any pandemic
restrictions. For numerous months of this trial, the state
of NSW was in ‘COVID-19 lockdown’ but recruitment
was able to continue.

This study has some limitations. Biochemical verifica-
tion of smoking abstinence will be completed using CO
breath testing; however, additional salivary or urinary
cotinine and anabasine testing may be more reliable,
albeit more costly. This study has the potential to inform
policy on a quit smoking aid that could annually save mil-
lions of lives world-wide.

Trial status

Trial recruitment commenced in March 2021 and fin-
ished in March 2022. The target sample size was met.
Final data collection is expected to be completed in
November 2022. Given changes to the protocol prior to
recruitment, there was uncertainty as to the feasibility
of remote methodological changes that were needed to
ensure the conduct and implementation of a trial dur-
ing the COVID-19 pandemic. The research team decided
to wait until all trial procedures were acceptable and
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feasible (i.e. remote biochemical testing) before sub-
mitting the protocol manuscript for publication. This
approach ensured full sample size was met to ensure an
adequately powered trial before submitting final protocol
manuscript.
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