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Abstract

Introduction: The extent to which use of electronic nicotine delivery systems (ENDS) for smoking reduction leads to cigarette abstinence in
smokers with no plans to quit smoking is unclear. This exploratory analysis examined the effects of ENDS delivering different amounts of nico-
tine on cigarette abstinence up to 24-week follow-up, in comparison to placebo or a behavioral substitute.

Methods: This fourarm parallel-group, randomized, placebo-controlled trial took place at two academic medical centers in the United States
(Penn State Hershey and Virginia Commonwealth University). Participants were current adult smokers (N = 520) interested in reducing but not
planning to quit. They received brief advice and were randomized to one of four 24-week conditions, receiving either an eGo-style ENDS paired
with 0, 8, or 36 mg/ml nicotine liquid (double-blind) or a cigarette-shaped tube, as a cigarette substitute (CS). Self-reported daily cigarette con-
sumption and exhaled carbon monoxide (CO) were measured at all study visits. Outcomes included intent-to-treat, self-reported 7-day cigarette
abstinence, biochemically confirmed by exhaled CO at 24 weeks after randomization.

Results: At 24 weeks, significantly more participants in the 36 mg/ml condition (14/130, 10.8%) than in the 0 mg/ml condition (1/130, 0.8%) and
the CS condition (4/130, 3.1%) were abstinent (relative risk = 14 [95% CI = 1.9-104.9] and 3.5 [95% Cl = 1.2-10.4], respectively). The abstinence
rate in the 8 mg/ml condition was 4.6% (6/130).

Conclusions: WWhen smokers seeking to reduce smoking tried ENDS, few quit smoking in the short term. However, if smokers continued to
use an ENDS with cigarette-like nicotine delivery, a greater proportion completely switched to ENDS, as compared with placebo or a cigarette
substitute.

Implications: The extent to which use of electronic nicotine delivery systems (ENDS) for smoking reduction leads to cigarette abstinence in
smokers with no plans to quit smoking was unclear. This randomized trial found that ENDS with nicotine delivery approaching that of a cigarette
are more effective in helping ambivalent smokers to quit cigarette smoking.

Introduction as their reasons for trying ENDS (not mutually exclusive op-
tions).* The extent to which ENDS use for smoking reduction
leads to increased cessation in smokers with no initial plans
to quit smoking remains unclear.

Many smokers who try electronic nicotine delivery systems
(ENDS) do so intending to reduce or quit smoking'? and
some continue to “dual use”. For example, in a representa- : ) ) )
tive US sample of ENDS users in 2015-2016, 66% were also A_n expert committee O{ National Academies O_f SFle{nce
smoking cigarettes.’ In another representative sample of US Engineering and Medicine’ concluded that there is limited

smokers, among those who had tried ENDS, 77% endorsed eyidence that ENDS may be effective smqking cessation
“as way to cut down on the number of cigarettes I smoke” aids, and moderate evidence from randomized controlled

and 65% endorsed “as a way to quit smoking completely” trials (RCTs) that ENDS with nicotine are more effective
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than ENDS without nicotine. Since that report, some add-
itional RCTs have found that ENDS increase smoking cessa-
tion rates,’® but others did not.>!® Most RCTs of ENDS for
smoking cessation to date have used ENDS with unknown or
very low nicotine delivery, and many ENDS deliver very little
nicotine relative to a cigarette.'"'> As an example, one of the
most cited RCTs of ENDS for smoking cessation used a prod-
uct labeled as containing 16 mg/ml, but it actually contained
10-16 mg/ml, and after the trial was started it was found to
deliver a very low blood nicotine boost (2.1 ng/ml)."* This
example demonstrates the importance of using ENDS with
known nicotine pharmacokinetic properties in clinical trials.

This report is based on exploratory analyses of a random-
ized placebo-controlled trial that was primarily designed to
examine the effects of ENDS use on toxicant exposure in
smokers. The methods and results for the primary toxicant
outcome (4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol,
NNAL) have been reported elsewhere.'®'S The primary out-
come paper reported that participants assigned to 36 mg/ml
nicotine ENDS reduced NNAL, exhaled carbon monoxide
(CO) and cigarette consumption.!’ Here, we report on ex-
ploratory analyses that were planned prior to the data set
being unblinded, and were designed to examine the effects of
ENDS with differing nicotine delivery profiles'> on cigarette
abstinence among current smokers with no plans to quit. We
hypothesized in the Statistical Analysis Plan (p5) that there
would be “ECIG nicotine concentration-related reductions in
combustible cigarette use,” and so the corresponding hypoth-
esis for smoking cessation was that the 36 mg/ml nicotine
concentration ENDS would result in greater cigarette abstin-
ence.

Methods

Participants

Participants were 520 adult cigarette smokers of >10 cigar-
ettes per day (CPD) who were interested in reducing their cig-
arette consumption by 50% but had no plans to quit within
the next 6 months. For inclusion, volunteers were required
to be aged 21-65, blow an exhaled CO of >9 parts per mil-
lion (ppm) at assessment and not have made any quit attempt
or used a smoking cessation medication in the prior month.
Participants could have used an ENDS product before, but
not for more than 5 days out of the prior 28 days. Exclusions
included any reported medical disorder/medication that
may affect participant safety or biomarker data (e.g. preg-
nancy, unstable serious medical or psychiatric conditions, or
weekly or greater use of illegal drugs). Full inclusion/exclu-
sion criteria have been published'*!S and are available in the
Supplement 1.

Recruitment occurred between July 22,2015,and November
16,2017, and follow-ups completed June 2018, at Penn State
Medical Center in Hershey, Pennsylvania, (z = 320), and
Virginia Commonwealth University in Richmond, Virginia
(n = 200), both in the United States.

Design

This was a four-arm, parallel-group, placebo-controlled ran-
domized trial, with the three ENDS conditions administered
double-blind.'®'S Participants were randomized to one of four
24-week conditions and received either an eGo-style ENDS
paired with 0, 8, or 36 mg/ml nicotine liquid, with tobacco or
menthol flavor (participants chose flavor), or a cigarette-shaped
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plastic tube with no electronics or aerosol, for use as a cigar-
ette substitute (CS). Study products were provided at no cost
for up to 24 weeks. In previous laboratory studies, after 10
puffs over 5 min on the same ENDS device used in this trial,
the 8 mg/ml and 36 mg/ml liquids gave a boost to blood nico-
tine concentrations of 6 ng/ml and 13 ng/ml.'* The 36 mg/
ml nicotine liquid used with this device therefore delivers a
nicotine boost approaching that resulting from smoking a cig-
arette (around 15 ng/ml).'®

Procedures

Participants were recruited via study advertisements including
print, radio and online methods. They attended a screening
visit and at the subsequent randomization visit (week 0), were
asked to use their assigned product to help reduce their cigar-
ette consumption by 50% through week 2 and then by 75%
or more thereafter (relative to baseline). Instructions for parti-
cipants were designed to be relatively simple and generic after
they were informed how to use their study product. For ex-
ample, at the randomization visit, all participants were told,

As you learned during the consent process, you are being
asked to reduce your traditional cigarette consumption
throughout this study. Tomorrow, you will cut back on
the number of cigarettes you smoke per day by half. This
means that if you smoke 20 cigarettes per day, you will
now smoke no more than 10 cigarettes per day. Remember
the study product that we just discussed? You should use
that study product to replace the cigarettes that you nor-
mally smoke.

At visit 4 (day 14), participants were told:

During the next 14 days, you will be asked to reduce your
cigarette consumption a bit more. Previously, we asked you
to reduce your cigarette consumption by half. Now we are
going to ask that you reduce your cigarette consumption
by 75% compared to your baseline level. This means that
if you smoked 20 cigarettes per day at the start of this
study, you will now try to smoke only 5 cigarettes per day.

At visit 6 (day 56), participants were told: “During the next
28 days, we want you to make sure you continue to attempt
to achieve or maintain your 75% reduction in your cigarette
consumption. We also want to encourage you to continue to
use your study product to replace the cigarettes you have cut
out.”

Participants were provided with gift cards worth approxi-
mately $20-40 for each visit completed, up to a total of $400
for those completing all study procedures. These payments
were intended to cover time and travel expenses and were
not contingent on smoking reduction. Self-reported CPD and
product use recorded via a paper daily diary were used to
perform a 7-day timeline follow-back procedure at each of 8
visits (at weeks 1,2, 4, 8,12, 16,20, and 24) during the inter-
vention period. Exhaled carbon monoxide (CO) was meas-
ured at each visit, enabling validation of reported cigarette
abstinence.

Outcomes and Statistical Analysis

The original primary outcome of this trial was the carcino-
gen biomarker, NNAL, and the results on that outcome
have been reported previously.” The trial also collected a
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number of additional measures and plans to conduct explora-
tory analyses on these were stated in the Statistical Analysis
Plan (see SAP dated August 3, 2018 in Supplementary ap-
pendix 2, p. 16) prior to unblinded data analyses being ini-
tiated. Consistent with this SAP prior to unblinded analyses
being undertaken, the cigarette abstinence-related outcomes
are (1) intent-to-treat, self-reported 7-day point prevalence
cigarette abstinence (PPA), biochemically confirmed by ex-
haled CO<10ppm (7-day PPA) for each visit up to 24 weeks
after randomization (last visit of randomized phase of the
trial), with those not attending visits counted as smoking.
Additional outcomes included (2) self-reported 28 or more
days of cigarette abstinence at week 24 (biochemically val-
idated by exhaled CO < 10 ppm at weeks 20 and 24), (3)
the number (%) of participants in each group who reported
at least one full day without smoking a cigarette (no bio-
chemical verification), from week 1 to week 24, and (4) the
total number of days on which participants self-reported
being abstinent from cigarettes from week 1 to week 24.
The parent study was originally powered to detect effects
on toxicant exposure (NNAL)," rather than cigarette ab-
stinence, but with 130 participants/group, there was 75%
power to detect as significant (p < .05, two-tailed) a differ-
ence of 9% (e.g. 3% vs. 12%) between two groups, using
Fisher’s exact test (post-hoc power calculation). Fisher’s
exact tests were used to compare proportions abstinent be-
tween groups. Wilcoxon rank sum test were used to com-
pare number of days of abstinence. 95% confidence inter-
vals of differences were calculated.

The study was approved by the Institutional Review
Boards at both institutions. The original study protocol is
published and statistical analysis plan prior to unblinded
analysis is available in Supplement 2. This study followed the
Consolidated Standards for Reporting Trials (CONSORT) re-
porting guideline for randomized clinical trials.
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Results

The main baseline characteristics of the four randomized groups
are presented in Table 1, showing that they were well matched.
The CONSORT diagram (Figure 1) shows that overall, 332
participants (63.8%) continued to attend through to 24 weeks
with no significant between-group difference in dropout rates.'

As shown in Figure 2, few participants in any group reported
7-day PPA within the first four weeks, when trying to reduce
cigarette consumption by 50% and then 75%. However, over
time more participants in the 36 mg/ml group achieved cigarette
abstinence. At 24 weeks post-randomization, significantly more
participants in the 36 mg/ml group than in the 0 mg/ml and CS
groups were cigarette abstinent (Table 2). The mean exhaled
CO among validated quitters in each group was <3 ppm, as
compared with 23 ppm at baseline. Participants randomized to
36 mg/ml were significantly more likely than those randomized
to 0 mg/ml or the cigarette substitute to report at least 28 days
abstinence at week 24, and were significantly more likely than
each of the other groups (including 8 mg/ml) to report at least
one or more days of cigarette abstinence and more total days of
cigarette abstinence throughout the trial (Table 2).

All 14 participants in the 36 mg/ml group who were abstin-
ent at 24 weeks were using their assigned product when they
first achieved abstinence (an average of 95 days earlier), and
12/14 of those abstainers (86 %) were still using it at week 24.

Serious adverse events during the intervention period were
spread evenly across the conditions (CS, 11; 0 mg/ml, 7; 8 mg/
ml, §; and 36 mg/ml, 8) and none were judged to be related to
study participation.'

Discussion

To our knowledge, this study is the first ENDS RCT in which
a significant increase in cigarette abstinence compared with

Table 1. Baseline Characteristics of Study Participants by Condition and Overall

ENDS conditions

Characteristic CS 0 mg/ml 8 mg/ml 36 mg/ml Overall
(N=130)  (N=130) (N =130) (N =130) (N = 520)

Age in years 46.1+12.4 45.7+11.4 45.6=11.7 47.4+11.1 46.2+11.6
Male sex, % (N) 39.2 (51) 38.5 (50) 38.5 (50) 48.5 (63) 412 (214)
Race and ethnicity, % (N)

Caucasian/White NH 63.9 (83) 70.8 (92) 66.9 (87) 67.7 (88) 67.3 (350)

African American/Black NH 30.0 (39) 25.4 (33) 28.5(37) 27.7 (36) 27.9 (145)

Other 6.2 (8) 3.9 (5) 4.6 (6) 4.6 (6) 4.8 (25)
Some college or higher, % (N) 58.5(76) 55.4(72) 63.9 (83) 60.8 (79) 59.6 (310)
Income >$39,999, % (N)? 39.8 (51) 37.0 (47) 40.8 (51) 46.2 (60) 41.0 (209)
Cigarettes smoked per day (7-day average)® 18.4+7.1 18.8+8.3 19.4+8.7 17.8+6.5 18.67.7
Exhaled carbon monoxide in parts per million 23.6x12.5 23.4+12.2 21.8+9.8 21.9+10.5 22.7+11.3
Penn State Cigarette Dependence Index score'” 13.4+3.0 13.7£2.7 13.2+3.0 13.2+3.2 13.4+3.0
Menthol cigarette smoking, % (N) 66.9 (87) 67.7 (88) 62.3 (81) 59.2(77) 64.0 (333)

Note: CS, cigarette substitute; ENDS, electronic nicotine delivery system; NH, non-Hispanic; IQR, interquartile range; CI, confidence interval. Plus-minus
values are mean=SD. Demographic characteristics were assessed by self-report at the in-person screening visit (week -1). Cigarettes smoked per day,
exhaled carbon monoxide, Penn State Cigarette Dependence Index score, menthol cigarette smoking status, were assessed at the baseline visit (week 0; at
randomization). There were no significant differences in baseline characteristics between conditions (p > .05).

*Missing income data by condition: CS (N = 2), 0 mg/ml (N = 3), 8 mg/ml (N = 5), 36 mg/ml (none).

"Number of cigarettes smoked per day was calculated using self-reported timeline follow-back for the 7 days prior to the randomization visit (collected

in-person at week 0).
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10 withdrawn by participant
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2 withdrawn due to SAE
130 included in ITT analysis
Missing imputed as smoking

37 lost to follow-up

15 withdrawn by participant
decision

3 withdrawn due to SAE

1 withdrawn by P.I. decision
130 included in ITT analysis
Missing imputed as smoking

32 lost to follow-up

11 withdrew by participant
decision

4 withdrawn by P.I. decision
2 withdrawn due to SAE
130 included in ITT analysis
Missing imputed as smoking

28 lost to follow-up

10 withdrawn by participant
decision

5 withdrawn by P.1. decision
1 withdrawn due to SAE
130 included in ITT analysis
Missing imputed as smoking

Figure 1. CONSORT flow diagram.

placebo ENDS and an alternative non-nicotine cigarette sub-
stitute, were observed. The abstinence rates were not high,
and this is not surprising in daily smokers who expressed no
plans to quit smoking at the start of the trial, who were en-
couraged to reduce smoking, and were given no explicit in-
structions to quit smoking during the trial. The extremely low
quit rates in the placebo and CS groups (<1% and 3% at
week 24) confirm that our study protocol did not stimulate
spontaneous quitting.

While the ENDS with cigarette-like nicotine delivery
(36 mg/ml) produced a marked increase in cigarette abstin-
ence, there was no discernable beneficial effect on cigarette
abstinence at 24 weeks of the lower nicotine delivery ENDS
(8 mg/ml). This result is consistent with dose-response effects
on smoking cessation found with nicotine replacement ther-
apies (NRTs).'$ A systematic review of nicotine replacement
therapy trials in smokers who were willing to reduce, but de-
clared no intention to quit smoking in the short term, reported
a sustained abstinence rate of 6.8% in the NRT group versus
3.3% in the placebo group.”” Our results are also similar to
those reported in a randomized trial of nicotine-containing
snus versus placebo for gradual smoking reduction which
found that at 36-week follow-up 9.5% of the nicotine snus
users were abstinent, versus 3.7% of the placebo users.?

The lack of a significant increase in abstinence at 24
weeks in the group receiving the 8 mg/ml ENDS was perhaps
surprising, as this group could potentially have achieved

cigarette-like blood nicotine levels by puffing much more fre-
quently on their device. We previously reported that product
use rates were highest for the 36 mg/ml group.' Our results
suggest that in an environment with high nicotine delivery
products readily available (i.e. cigarettes) smokers do not
find much lower nicotine delivery products (i.e. the 8 mg/
ml liquid in the device used in this study) to be reinforcing
enough to sustain sufficiently high use to compete with cig-
arettes.

The 36 mg/ml liquid ENDS produced significantly greater
cigarette abstinence rates at 24 weeks than the cigarette sub-
stitute and 0 mg/ml liquid/ENDS, but it was not significantly
greater than 8 mg/ml ENDS. However, a significantly higher
proportion of those on 36 mg/ml than 8 mg/ml achieved at
least one day of cigarette abstinence, and they also achieved
a significantly greater number of days of abstinence than the
8 mg/ml group.

The dose effect suggests that policies that decrease the like-
lihood that smokers can identify and/or purchase ENDS that
deliver nicotine as effectively as a combustible cigarette may
have the unintended consequence of reducing the number of
smokers who successfully quit smoking by switching from
cigarettes to ENDS. Nicotine delivery is a function of device
characteristics (e.g. battery power and coil characteristics) as
well as liquid composition.?! It may therefore be necessary
in the future to inform consumers of the estimated standard-
ized nicotine delivery (e.g. blood nicotine boost from 10 puffs
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Figure 2. Percentage of participants in each randomized group reporting zero cigarette consumption in the prior 7 days at eight follow-up visits,
validated by exhaled CO <10 ppm, at each visit (0 mg/ml, 8 mg/ml, or 36 mg/ml nicotine concentration in an electronic nicotine delivery system or

CS = cigarette substitute).

Table 2. Percentage of Participants (n) Who Were Abstinent From Cigarettes at Week 24, Validated by Exhaled Carbon Monoxide (CO), (a) for the Prior 7
Days (b) for the Prior 28+ Days, (c) Percentage (n) WWho Reported At Least One Full Day Without Cigarette Smoking, and (d) Mean Number of Total Days
Without Cigarette Smoking in the 24 Weeks of the Trial (All n = 130 per Group, Intent-to-Treat, Assuming Smoking Where Data is Missing) by Group

Group
Outcome Cig. substitute (CS) 0 mg/ml 8mg/ml 36 mg/ml
(a) 7-day point prevalence (CO < 10) ab- % (n) 3.1 (4)° 0.8 (1) 4.6 (6) 10.8 (14)
stinence at week 24 RR® (95% CI)  3.50[1.2,10.4] 14.00 [1.9,104.9]  2.33[0.9,5.9]
(b) 28+ days abstinent with CO <10 at % (n) 1.5 (2) 0.8 (1)° 3.1 (4) 7.7 (10)
weeks 20 and 24¢ RR¢ (95% CI) 5.50[1.2,24.3] 11.0 [1.4,84.0] 2.7510.90,8.4]
(c) 21 day abstinent % (1) 22.3 (29) 26.2 (34) 27.7 (36)b 41.5 (54)
RR¢ (95% CI) 1.86 [1.3,2.7] 1.59 [1.1,2.3] 1.50 [1.1,2.1]
(d) Mean (SD) days no cigarette smoking Mean (SD) 5.3 (18.5) 4.7 (17.0)¢ 7.4 (23.1) 15.6 (36.4)
Difference of 10.29 [3.2,17.4] 10.87[3.9,17.8] 8.20[0.8,15.7]

mean’ (95% CI)

p < .006 as compared to 36 mg/ml, Fisher’s exact test.
" < .03 as compared to 36 mg/ml, Fisher’s exact test.
°p < .02 as compared to 36 mg/ml, Wilcoxon rank sum test.

428+ days in order to account for variability in appointment days since the previous visit. Participants were required to report no cigarette use in 7 days at
week 20, no cigarettes from week 20 to 24 visits, (CO < 10 ppm at both visits), so most were abstinent for around 35 days depending on precise number of

days between appointments.

Relative risk between 36 mg/ml group and the group in the corresponding column with 95% CIL.
‘Difference of mean between 36 mg/ml group and the group in the corresponding column with 95% CI from parametric two-sample #-test.

in 5 min) resulting from a device/liquid combination, rather
than simply the nicotine concentration of the liquid.

There is a theoretical potential for dual cigarette and
ENDS use to increase total nicotine dependence. This ques-
tion is deserving of further study. However, given that we
previously reported no increase in total nicotine exposure
(as measured by urine cotinine) in either group randomized
to use nicotine-containing ENDS," there does not appear to
be a high risk for greater nicotine consumption during dual
ENDS and cigarette use while trying to reduce cigarette con-
sumption.

This study’s limitations include use of one ENDS device
and no flavored liquids (other than tobacco and menthol),
participant drop-out (36%), and a relatively short length

of cigarette abstinence at 24 weeks. Participants had to be
interested in reducing their cigarette consumption, so these
results may not generalize to smokers with no such interest.
Strengths include randomized double-blind allocation to dif-
ferent liquid nicotine concentrations, use of an ENDS device
with known nicotine delivery profile, both placebo and non-
ENDS control groups, and biochemical validation of self-
reported abstinence.

Conclusion

When smokers seeking to reduce smoking try ENDS, few
quit smoking in the short term. However, if smokers con-
tinue to use an ENDS with cigarette-like nicotine delivery,
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a greater proportion completely switch to ENDS, as com-
pared with placebo or a cigarette substitute. ENDS with
nicotine delivery approaching that of a cigarette are more
effective in enabling ambivalent cigarette smokers to quit
smoking.
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