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Abstract

Introduction: The Food and Drug Administration issued an advanced notice of proposed
rulemaking for setting a product standard for nicotine levels in cigarettes, with an emphasis on
minimally or non-addicting very low nicotine content (VLNC).

Methods: A 33 week, two-arm, double-blind randomized trial conducted in Hershey, Pennsylvania,
USA and Washington, DC, USA included adult daily cigarette smokers (>5 cigarettes per day) with
less than a college degree, and who had no plans to quit within the next six months. Participants
were randomized to either reduced nicotine content (RNC) study cigarettes tapered every three
weeks to a final VLNC (0.2 mg/cigarette) for six weeks or to usual nicotine content (UNC) study
cigarettes (11.6 mg/cigarette). Outcomes included acceptability of study cigarettes measured by at-
trition (primary outcome), compliance, reduction in cigarette dependence and tobacco biomarkers,
and post-intervention cessation.

Results: The RNC (n=122) versus UNC (n = 123) group had higher attrition (adjusted Hazard Ratio
3.4; 95% confidence interval [CI] 1.99 to 5.81). At the end of the intervention, cotinine levels were
50% lower in the RNC group (mean group difference =137 ng/mL; 95% Cl —-172, -102). The RNC
group smoked fewer CPD (-4.1; 95% Cl —6.44, —1.75) and had lower carbon monoxide levels (-4.0
ppm; 95% Cl -7.7, -0.4). Forty seven percent (29/62) of the RNC group were biochemically-confirmed
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compliant with smoking VLNC cigarettes (mean cotinine = 8.9 ng/ml). At three month follow-up,
only compliant VLNC smokers quit with an assisted quit attempt (N = 6/22, 27%).

Conclusions: This study supports a VLNC standard in cigarettes.

Implications: Differential dropout and noncompliance indicate some smokers had difficulty transi-
tioning to cigarettes with reduced nicotine. These smokers will benefit from supplemental nicotine
in medicinal or noncombustible tobacco products if a nicotine reduction standard is established.
Other smokers successfully transitioned to very low nicotine content cigarettes exclusively and

substantially reduced their exposure to nicotine.

Introduction

The Family Smoking Prevention and Tobacco Control Act enacted by
the U.S. Congress in 2009 granted the Food and Drug Administration
(FDA) the authority to regulate tobacco products to protect public
health.! The Act allows the FDA to create tobacco product stand-
ards on tobacco constituents, including reducing the nicotine con-
tent in cigarettes in order to reduce their addictiveness. The FDA
issued an advanced notice of proposed rulemaking in March 2018
to collect information that would inform setting a product standard
for nicotine levels in combustible cigarettes, with an emphasis on
non-addicting levels of nicotine (~0.2 mg/cigarette). The policy could
be implemented immediately or progressively over time. A standard
would be considered within a comprehensive nicotine policy frame-
work? addressing the risks and benefits of nicotine regulation in cig-
arettes within a marketplace that includes noncombustible nicotine
delivery systems and medicinal nicotine.

Previous clinical studies of smokers switching to research cigar-
ettes with reduced nicotine content found reductions in mean levels
of nicotine exposure and biomarkers of tobacco smoke toxicants,
with minimal adverse health effects.>"’® While encouraging, the de-
velopment of a nicotine standard in cigarettes needs to consider the
distribution of successful and unsuccessful responses in reducing
nicotine, specifically to minimally or non-addicting levels."

The current trial was conducted to test a progressive reduction of
nicotine content in cigarettes to minimally addicting levels, but in re-
sponse to the advanced notice of proposed rulemaking and updated
comprehensive nicotine policy framework in 2017,> we modified the
analytical plan to emphasize the level of attrition when switching
to progressively reduced nicotine cigarettes over an extended period
of time, which is considered a measure of their acceptability.!? We
hypothesized that attrition will be higher within the experimental
group receiving reduced nicotine cigarettes. Determining the ex-
tent to which the population of smokers can achieve this reduction
to non-addicting levels will help determine the feasibility of this
standard and the degree to which alternative forms of nicotine de-
livery from less harmful products need to be provided to smokers
who still want or need nicotine. Such data will also help anticipate
potential black market demands for fully nicotinized cigarettes.

The inclusion criteria of the current trial were designed to be
representative of smokers with low socioeconomic status (SES), de-
fined as less than a bachelor's degree, to understand the safety and
efficacy of a reduced nicotine standard in this population. Cigarette
smoking is more prevalent among the unemployed, less educated,
and other economically disadvantaged populations.'s These smokers
experience higher nicotine dependence,'* lower motivation to quit,"
and higher rates of disease.!®

Our study examined the gradual tapering of nicotine among the
same smokers over an extended period to capture the stability of

responses at each dose and allow smokers to acclimate themselves
to lower nicotine doses before smoking a minimally addictive cigar-
ette with very low nicotine content (VLNC). Specifically, the VLNC
cigarettes smoked during the last six weeks of the randomized phase
of the trial contained approximately 98% less nicotine than com-
mercially available cigarettes, a level considered to be minimally or
non-addictive.'”

Methods

Study Protocol
A two-site, two-arm, double-blind, parallel-group, randomized
clinical trial was conducted at the Penn State College of Medicine
(Hershey, PA) and George Washington University (Washington, DC)
between 2015 and 2018. Participants were recruited using print/
radio advertisements, flyers/posters, social media, direct mailings,
and word of mouth. Further details of clinical trial recruitment strat-
egies targeted to smokers in disadvantaged communities were previ-
ously described.'®!” Participants were screened by phone for initial
eligibility and scheduled for their first study visit to determine final
eligibility and obtain informed consent. Eligibility included adult
cigarette smokers aged 18-65, who smoked at least five cigarettes
per day for the past year, and had no plans to quit in the next six
months and no quit attempt in the past month. Additional inclusion
criteria included having less than a bachelor's degree or 16 years of
education, ability to read and write in English, plans to live in the
local area, and the ability to receive phone calls during the study.
Exclusions included current pregnancy, a plan to become pregnant,
or nursing; systolic blood pressure 2160 mmHg; an unstable or sig-
nificant medical condition; non-cigarette nicotine delivery product
or marijuana use in the past week; use of smoking cessation medica-
tion in the past month; difficulty providing blood samples; regular
use (daily or almost daily) of illegal drugs; inpatient treatment for
substance abuse or mental health condition in the past six months;
alcohol abuse hindering study participation (based on investigator
discretion); other members of the household participating in a study
using research cigarettes, major surgery planned; or other factors
that may affect adherence or pose a health risk to the participant.
The study consisted of four phases (Usual Brand Baseline, Usual
Nicotine Content Baseline, Randomized, and Treatment Choice)
with 11 clinical visits at the study centers over 33 weeks (Figure 1).
Usual Brand Baseline included smoking their usual brand cigarettes
for one week. Usual Nicotine Content Baseline included two weeks
of smoking usual nicotine content (UNC) study cigarettes (nicotine
content approx. 11.6 mg/cigarette). In the 18 week Randomized
phase, participants were randomized to the control arm in which
they continued on the UNC study cigarettes, or the intervention
arm to receive progressively reduced nicotine content (RNC) study
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Usual Brand Baseline Phase
Visit 1 (Week 1)
1 week smoking usual brand cigarettes

Usual Nicotine Content Baseline Phase
Visits 2 & 3 (Weeks 2-3)
2 weeks smoking UNC research cigarettes (11.6 mg)

Randomized Phase
Visits 4-9 (Weeks 4-21)
Randomization to UNC or RNC research cigarettes

.. RNC Step 1 (7.4 mg)
Visit 4 3 weeks
UNC research Visi RNC Step 2 (3.3 mg)
cigarettes (11.6 mg) isit 5 3 weeks
18 weeks
L. RNC Step 3 (1.4 mg)
Visit 6 3 weeks
. RNC Step 4 (0.7 mg)
Visit 7 3 weeks
. RNC Step 5 (0.2 mg)
Visit 8-9 6 weeks

Treatment Choice Phase
Visits 10 & 11 (Weeks 22-33)

Figure 1. Study flow diagram. RNC = reduced nicotine content; UNC = usual nicotine content Due to limited availability of SPECTRUM UNC menthol cigarettes,
51 menthol smokers used comparable nicotine level SPECTRUM menthol cigarettes during Usual Nicotine Content Baseline and continued using this dose if
they were randomized to the UNC group. Nicotine contents are based on an estimated 0.7 g tobacco content per cigarette and nicotine concentrations (mg/g)

from Richter et al.?!

cigarettes. The nicotine content in the RNC cigarettes was gradually
reduced every three weeks from 7.4 to 0.2 mg/cigarette (VLNC).
Participants received the VLNC cigarettes for another three weeks (a
total of six weeks). During the Treatment Choice phase (12 weeks)
participants chose to (1) continue to smoke study cigarettes at the
same dose as their last visit (11.6 or 0.2 mg/cigarette), (2) return to
their usual brand cigarettes (at their own cost), or (3) make a quit
attempt with brief behavioral counseling and FDA-approved oral
nicotine replacement therapy (NRT) (2 mg gum or lozenge). Those
who chose to make a quit attempt received a six-day supply of study
cigarettes (at the same dose as their last visit) and returned to the
study center on the seventh day having abstained from smoking for a
24 hours period to assess nicotine withdrawal symptoms and receive
NRT free of cost (if desired). All participants completed two study
visits during the Treatment Choice phase of the study. Additional
optional phone calls and study visits were provided to those who
chose to quit to monitor and receive NRT and provide counseling.

Participants received up to $1000 for their participation in the trial.
Further details of the trial have been published.?’ The study was ap-
proved by the institutional review board at each study site and regis-
tered at clinicaltrials.gov (NCT01928719).

Study Cigarettes

This trial used SPECTRUM research cigarettes (22nd Century
Group, Inc.), obtained from the National Institute of Drug Abuse's
Drug Supply Program. Their physical characteristics, chemical
profiles, and pharmacokinetics are well characterized.?’*>* During
visits, participants received a supply of study cigarettes equal to
150% of their baseline cigarettes per day (CPD) to account for
any potential changes in cigarette consumption or rescheduling
of study visits. Participants received one cigarette flavor (menthol
or non-menthol) based on their preference. All study cigarettes
were provided free of charge. Participants were asked to return
all study cigarette packs (empty, opened, unopened) to the study
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site at each visit, and to not use any other nicotine-containing
products during the trial. While the use of other products was
discouraged, participants were systematically asked to report the
use of any non-study products during study contacts. Participants
were instructed to keep a daily cigarette log to record study and
non-study cigarettes smoked.

Randomization and Blinding

Participants were randomized using a computer-generated random-
ization sequence (1:1, a block size of six, stratified by study site
and flavor) created by the study statistician. The randomization
assignment was housed within a Cigarette Management System?*
and maintained within the Investigational Drug Pharmacy at each
site, where the study cigarettes were dispensed and managed under
pharmacy-controlled protocols. The researchers and participants
were blinded to the randomized allocation throughout the trial.

Outcome Measures

The primary outcome was study attrition (ie dropout) (defined as
both withdrawal and loss to follow-up) during the Randomized
phase. Plasma cotinine was analyzed using an immunoassay kit
(Calbiotech, El Cajon, CA). Exhaled carbon monoxide [CO] (smoke
exposure biomarker) was collected using the piCO+ Smokerlyzer
(coVita, Haddonfield, NJ). See the Supplementary Appendix for
additional biomarker methods and outcomes (eg 1-hydroxypyrene,
(NNAL), gluta-
thione, 8-isoprostanes, cortisol). Total (non-study + study) CPD at

4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol

each visit was calculated as a previous six-day average. Dependence
measures included the Fagerstrom Test for Cigarette Dependence
(FTCD) [1-10],%° Penn State Cigarette Dependence Index [0-20],%¢
and the Hooked on Nicotine Checklist [0-10].” Withdrawal symp-
toms and smoking urges were assessed using the Minnesota Nicotine
Withdrawal Scale [0-32]?* and Questionnaire on Smoking Urges-
Brief [10-70].%° Quit status was assessed at Visits 10/11 and defined
by CO level <10 ppm (parts per million) and self-reported smoking
abstinence on the day of the visit plus the prior six days.

Self-reported noncompliance during the Randomized phase was
defined as any non-study cigarette use on the date of the visit and
the previous six days or any other nicotine-containing product use
since the prior visit. Biochemical compliance was assessed in the
RNC group at the final Randomized phase visit (Visit 9) using the
Benowitz et al.** method [V9 cotinine/CPD]/[V3 cotinine/CPD] with
adjustment for environmental tobacco smoke (cotinine values sub-
tracted by 15 ng/ml).>' A compliance ratio value of <0.075 was con-
sidered fully compliant, >0.075 to <1 partially compliant, and >1
noncompliant with VLNC cigarette use.

The safety monitoring protocol and data for adverse events and
other health measures (eg blood pressure, pulse, weight, alcohol in-
take, respiratory health status) are outlined in the Supplementary
Appendix.

Statistical Analysis

To address the primary study endpoint, a time-to-event analysis as-
sessed the amount of time each participant remained in the study
from randomization (Visit 3), to the end of the Randomized phase
completion (Visit 9), withdrawal, or loss to follow-up. A Kaplan—
Meier curve was generated to illustrate the dropout rate by study
group throughout the Randomized phase. Univariate Cox propor-
tional hazards regression models were used to examine the asso-
ciations between each potential dropout predictor. If the predictor

was significant at the 0.10 level, it was included in a multivariable
Cox proportional hazards regression model to examine the effects
of multiple predictors jointly. Estimated hazard ratios (HR) and cor-
responding 95% confidence intervals (CI) were presented. Two-way
interactions between the predictors were explored, but all were re-
moved due to non-significance.

Linear mixed-effects models for repeated measures were used
to analyze nicotine exposure, dependence, and all other continuous
outcome measures. An unstructured covariance structure was as-
sumed for all models, except in the event of non-convergence, the
first order autoregressive (AR(1)) structure was assumed. Profile
plots were generated to visualize the trajectories of outcome meas-
ures between groups over time. Unadjusted linear mixed models
were used to evaluate the main effects of discrete time (Visits 4-9),
group (RNC vs. UNC group), and the time-by-group interaction,
while adjusting for the baseline (Visit 3) measure of the outcome.
Known confounders (eg sex, site, and menthol flavor) were consist-
ently included in the adjusted models, while other covariates were
included if their individual association with the outcome was sig-
nificant (p value < 0.10). Estimated least-squares mean differences
and corresponding 95% confidence intervals (CI) were reported at
each clinic visit.

To explore possible effect modification of cigarette menthol
flavor on progressive nicotine content reduction and other markers
of smoke exposure, the menthol-by-group interaction was evaluated
in the linear mixed models. The three-way interaction of menthol-
by-group-by-time was not statistically significant in any of the
models and therefore removed to further analyze the menthol-by-
group two-way interaction term.

Study data were collected and managed using REDCap
(Research Electronic Data Capture) hosted at the Penn State College
of Medicine.*> Analyses were conducted by the Penn State TCORS
Biostatistics and Database Management Core using statistical soft-
ware SAS Version 9.4 (SAS Institute, Cary, NC) and R programming
language Version 3.5.1 (R Foundation). All tests were two-sided at
the 0.05 significance level, except during model selection where 0.10
was considered significant.

Sample Size Calculation

Sample size calculation was based on the secondary outcome, plasma
cotinine concentration (measured as ng/ml). A total sample size of
280 participants (70 per group*2 cigarette groups*2 races|black and
white]) would enable detection of a mean cotinine difference of 68
ng/ml as observed in the Benowitz et al. trial® with at least 90%
power.

Results

Sample Characteristics

Of 280 participants enrolled, 245 (88%) were randomized (UNC,
n = 123 and RNC, n = 122) [Figure 2 for CONSORT diagram)].
Randomized participants were 48% male, 32% black, 55% un-
employed, and 62% received a high school diploma/GED or less
(Table 1 and Supplementary Table 1). Approximately 28% had in-
comes at the poverty level (<$20,000), and 76% were below the
2016 U.S. median household income (<$~60,000). The mean age was
44.9 (SD = 11.4) and the mean number of years reported smoking
cigarettes daily was 27.8 (SD = 11.8). Approximately 69% smoked
menthol cigarettes and the mean baseline CPD was 19.6 (SD = 9.3).
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572 Excluded at phone call screening

|871 Assessed for eligibility during phone call screening

228 Ineligible
131 Declined to participate

|299 Assessed for eligibility during Visit 1

~
d 139 Did not show to Visit 1
74 Unable to schedule Visit 1

54 Excluded during Baseline Phases

27 Ineligible

245 Randomized

122 Reduced Nicotine
Content (RNC)

123 Usual Nicotine Content
(UNC)

A4

12 Withdrawn
15 Lost to follow-up

174 Completed Randomized Phase?

104 UNC Treatment Choice: |70 RNC Treatment Choice:

72 Receive Study Cigarettes
10 Return to Own Brand
22 Make a Quit Attempt

17 Return to Own Brand
22 Make a Quit Attempt

31 Receive Study Cigarettes

71 Discontinued during Randomized Phase
UNC RNC | Description
5|19 52 Total
L
1 26 Lost to follow-up
8 26 Withdrawn
4 11 Personal reasons®
0 3 Per protocol®
3 11 Cigarette dissatisfaction
1 1 Adverse event

161 Completed Study

94 UNC Treatment Choice: 67 RNC Treatment Choice:

66 Receive Study Cigarettes
10 Return to Own Brand
18 Make a Quit Attempt

16 Return to Own Brand
21 Make a Quit Attempt

30 Receive Study Cigarettes

R 13 Discontinued during Treatment Choice Phase
i UNC | RNC | Description
10 3 Total
8 2 Lost to follow-up
2 1 Withdrawn
1 0 Per protocol®
1 1 Adverse event

Figure 2. CONSORT diagram. 231 (n= 16 RNC group; n= 15 UNC group) participants were limited to choices of returning to own brand or making a quit attempt
due to limited study cigarette inventory. ®Personal reasons include schedule/transportation issues (n = 9), self-reported quit or active quit attempt (n = 3), or
unrelated health issues (n = 3). °Per protocol reasons include pregnancy (n = 1), participant behavior (n = 1), or Pl decision to withdraw (n = 2).

Randomized Phase Attrition

Differential attrition rates were observed after randomization (RNC
group = 43% [52/122] vs. UNC group = 15% [19/123]). The RNC
group was significantly more likely to dropout (either withdrawal
or loss to follow-up) than the UNC group (HR 3.4; 95% CI 1.99
to 5.81; p < 0.001). In addition, age, body mass index, and employ-
ment status at the time of enrollment were associated with attrition
(univariate models p < 0.10; Supplementary Table 2). In the final
multivariable model, age, body mass index, and treatment group
were significant (all p < 0.05) (Supplementary Table 2). A Kaplan—
Meier curve is displayed in Figure 3.

Smoking Behaviors and Biomarkers

Significant reductions in CPD and exposure biomarkers were ob-
served at the completion of the Randomized phase for the RNC
group versus the UNC group (Figure 4). Plasma cotinine levels were
nearly 50% lower among RNC smokers (Visit 9 mean difference
[V9 MD], -137 ng/mL; 95% CI, -172, -102). Lower exhaled CO
levels (V9 MD, -4.0ppm; 95% CI, -7.7, -0.4) and total CPD (V9
MD, -4.1; 95% CI, -6.44, -1.75) were observed in the RNC group.
Menthol-by-group interactions were not significant and therefore
not included in the models. See Supplementary Table 3 for outcome
results for each visit.
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Table 1. Demographic and Smoking Characteristics of Randomized Participants

Overall (N = 245)

Usual nicotine content group (N = 123)

Reduced nicotine content group (N = 122)

Usual brand baseline

2Age (years) 44.9 (11.4)
2Gender (male) 117 (47.8)
aRace (n = 243)

White 153 (62.4)

Black 78 (31.8)

Other 12 (4.8)
“Hispanic ethnicity 6(2.4)
*Education

Less than a HS degree 40 (16.3)

HS degree or GED equivalent 112 (45.7)

More than a HS degree® 93 (38)
*Household income® (7 = 184)

$0-19 999 68 (37)

$20 000-59 999 72 (39.1)

$60 000+ 44 (23.9)
Cigarettes/day 19.6 (9.3)
Exhaled carbon monoxide 30 (15)
Plasma cotinine (ng/mL)¢ 274 (151)
Median (Range) 253 (3-812)

45.1(10.8) 44.7 (12.1)
S1(41.5) 66 (54.1)
82 (67.2) 71 (58.7)
35 (28.7) 43 (35.5)

5(4.1) 7(5.7)

2 (1.6) 4(3.3)
25 (20.3) 15 (12.3)
57 (46.3) 55(45.1)
41 (33.3) 52 (42.6)
30 (31.2) 38 (43.2)
41 (42.7) 31(35.2)
25 (26) 19 (21.6)

19.8 (10.2) 19.5 (8.4)
30 (15) 29 (15)

266 (157) 282 (145)

237 (3-812) 261 (24-730)

Continuous measures reported as mean (standard deviation); Categorical measures reported as frequency (column percent).

HS= high school; GED= general education diploma.
aMeasure incorporated from PhenX Toolkit** version October 5, 2015.
"Less than a Bachelor's degree required for inclusion.

“Total Family (Household) Income includes the participant's income + income of all family members living in the participant's household (before taxes for the last

calendar year).

9Values < Limit of Quantification (LOQ = 4.3) were coded as 3 (LOQ/sqrt(2)).
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Figure 3. Kaplan-Meier curves. Graph shows Kaplan-Meier curves plotted by
cigarette group strata, with corresponding confidence bands. The table below
the plot identifies the number remaining in the randomized phase by cigarette
group in three week increments. Vertical bars on the curves represent censoring,
where participants completed the randomized phase of the study (Visit 9).

Levels of the tobacco carcinogen biomarker NNAL were lower in
the RNC group at the end of the Randomized phase (V9 MD, -0.435;
95% CI, -0.74, -0.17). Total urinary 1-hydroxypyrene and oxida-
tive stress measures (ie urinary 8-isoprostane and blood glutathione

redox status [GSSP+2GSSGJ]/GSH), and peak cortisol levels were
similar between the groups. Figures and results are presented in the
Supplementary Appendix. Menthol-by-group interactions were non-
significant in all models, except for NNAL where a menthol effect
was significant in the UNC group (p = 0.02).

Cigarette Dependence

When examining the RNC group according to the FTCD speci-
fied categories that define minimal cigarette dependence (ie FTCD
score of 1-2), 5 of 66 smokers (8 %) with a baseline (Visit 3) FTCD
score of >3 achieved an FTCD score of 1-2 at the end of the
Randomized phase. UNC and RNC groups showed small differ-
ences in dependence measures including FTCD (V9 MD, -0.77;
95% CI, -1.13, -0.42); Penn State Cigarette Dependence Index
(V9 MD, -1.02; 95% CI, -1.64, -0.4); and Hooked on Nicotine
Checklist (V9 MD, -0.32; 95% CI, 0.8, 0.17). RNC smokers
reported lower smoking urges based on the Questionnaire on
Smoking Urges-Brief (V9 MD, -4.71; 95% CI, -8.41, -1.01). No
differences were observed for withdrawal symptoms using the
Minnesota Nicotine Withdrawal Scale (V9 MD, -0.09; 95% CI,
-1.73, 1.55). All results are presented in Supplementary Figure 1
and Supplementary Table 5.

Self-reported Compliance

Self-reported noncompliance during at least one clinic visit was re-
ported among 78 participants (UNC group, # = 43; RNC group, 7 =
35). Most noncompliant participants reported using non-study cig-
arettes. Six participants (UNC group, 7 = 2; RNC group, 7 = 4) re-
ported using other nicotine-containing products (ie cigar, e-cigarette,
or smokeless tobacco).
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Figure 4. Cigarettes per day and exposure biomarkers. CO = Carbon Monoxide; PPM = parts per million; CPD = cigarettes per day. Graphs show means and
standard errors of observed data. Visit 2 represents usual brand cigarettes and Visit 3 represents Usual Nicotine Content (UNC) cigarettes (11.6 mg/cigarette).
UNC group received UNC cigarettes through Visit 9. Reduced Nicotine Content group received 7.4 mg/cigarette (Visit 3), 3.3 mg/cigarette (Visit 4), 1.4 mg/cigarette
(Visit 5), 0.7 mg/cigarette (Visit 6), 0.2 mg/cigarette (Visit 7 and 8). Total CPD summarizes both study and non-study cigarettes. One outlier participant from the

UNC group was removed in both CPD figures.

Biochemical Compliance

Out of the 62 participants assessed for biochemical compliance when
smoking VLNC cigarettes at the end of the Randomized phase (7 =
8 missing data for assessment), 47% (n = 29) were fully compliant,
34% (n = 21) were partially compliant, and 19% (n = 12) were
noncompliant. Cotinine levels by compliance status and group are
presented in Supplementary Figure 5.

Adverse Events
Safety measures and adverse event information are presented in
Supplementary Tables 6-9 and Supplementary Figure 4.

Treatment Choice and Cessation

At Visit 9, 44% (n = 31/70) of the RNC group and 69% (n =
72/104) of the UNC group chose to continue to receive study cig-
arettes, 24% (n = 17/70) and 10% (n = 10/104) chose to return
to their own brand, and 31% (7 = 22/70) and 21% (n = 22/104)
chose to make a quit attempt, respectively (chi-square p = 0.003).
Among all randomized participants (dropouts were assumed to be
smoking), quit rates biochemically confirmed by CO were 9% (n
= 11/122) versus 3% (n = 4/123) at one month (Visit 10) [Fisher
exact p = 0.07] and 7% (n = 9/122) versus 4% (n = 5/123) at
three months (Visit 11) [Fisher exact p = 0.29] for the RNC and
UNC groups, respectively. Among participants who chose to quit,

the quit rate at one month was 36% (n = 8/22) for the RNC
group and 18% (n = 4/22) [Fisher exact p = 0.31] for the UNC
group and the three month quit rate was 27% (n = 6/22) for the
RNC group and the quit rate for the UNC group remained the
same [Fisher exact p = 0.72]. Participants in the RNC group were
more likely to quit if they were determined to be biochemically
compliant with the use of VLNC cigarettes (7 = 7/22 compliers
vs. 0/22 non-compliers quit at Visit 10 [Fisher exact p < 0.01];
n=6/22 compliers vs. 0/22 non-compliers quit at Visit 11 [Fisher
exact p < 0.01]).

Discussion

In this trial of progressively reduced nicotine cigarettes where
smokers were tapered to a six week regimen of minimally addictive
cigarettes, the attrition rate was 3.4 fold higher in the RNC group
compared to the UNC group. The higher attrition rate in the RNC
group was consistent with our hypothesis. Study attrition is an im-
portant outcome in clinical trials of psychoactive drugs as a measure
of their acceptability.**3* While subjective ratings of RNC cigarettes
have been assessed,!**63 study attrition as an indication of actual
RNC cigarette use in randomized trials is perhaps the most objective
measure of their acceptability.!? The larger attrition rate in the RNC
group indicates some smokers were unwilling or unable to comply
with smoking RNC cigarettes.
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Although attrition was not formally evaluated in short-term
(four-six weeks) gradual and immediate nicotine reduction trials,
completion rates were similar between experimental and control
groups.”’ Longer term trials can measure more sustained ability
to smoke reduced nicotine cigarettes. In a 20-week randomized
trial comparing gradual versus immediate nicotine reduction by
Hatsukami et al.’ the completion rate was 81% in the gradual arm
and 86% in the control arm. In the current trial, the attrition rate
was significantly higher in the RNC group, even with the monetary
and free cigarette incentives that might be appealing to a low SES
population. Attrition was also associated with low body mass index
(<18.5) and younger age (18-29 years) in our final models. A driver
of higher attrition in the RNC group could have been dissatisfaction
in the taste of the RNC cigarettes as previously noted.'? In this trial,
11 participants in the RNC group versus only three in the UNC
group reported dissatisfaction in the study cigarettes as a reason for
withdrawal.

Compliance among those who remained in the trial is another im-
portant measure of the acceptability of reduced nicotine cigarettes.
Overall, 47% of RNC smokers who completed the Randomized
phase were found to be biochemically compliant with using VLNC
cigarettes. We compared cotinine levels over time among compliance
groups to provide more information on nicotine reduction acclima-
tion among participants (Supplementary Figure 5). All RNC smokers
had similar levels of cotinine reduction after the first nicotine dose
reduction, after which cotinine levels in RNC non-compliers de-
clined at a slower rate compared to RNC compliers, suggesting par-
ticipants started to supplement with nicotine-containing products.
Thereafter, cotinine levels for RNC non-compliers began to steadily
rise after the third nicotine dose reduction, signaling the use of more
nicotine-containing than non-nicotine containing products. These
results provide an indication of when the tapering in nicotine be-
came the most challenging for smokers and when relapse to nicotine-
containing products most likely occurred.

Another measure of determining the efficacy of reducing cig-
arette nicotine content to minimal levels is the effect on cigarette
dependence. Very few RNC subjects reported lowering their FTCD
scores to minimal levels despite smoking reduced, and even minim-
ally addictive cigarettes. The other measures of dependence also re-
mained similar between the groups. Subjects may be habituated to
the behavior of smoking cigarettes and as a result, don't experience
lower dependence even when nicotine is progressively reduced. On
the other hand, traditional measures of dependence like the FTCD
may not be sensitive enough to capture a change in dependence in
the context of a reduced nicotine trial.

These findings inform the FDA's comprehensive regulatory plan
for tobacco and nicotine, which includes assessing the feasibility
of nicotine reduction in cigarettes and the role of alternative, less
harmful nicotine products.? Our findings of differential attrition and
noncompliance show that there were smokers unwilling or unable
to smoke reduced nicotine cigarettes. These smokers may poten-
tially benefit from alternative nicotine sources®3’ as well as novel
approaches to increase the efficacy of NRT, such as more rapid nico-
tine delivery. In a study where participants were assigned to UNC or
VLNC cigarettes while also having access to an open marketplace of
alternative nicotine products, the VLNC smokers were more likely
to use alternative products and further resulted in less toxicant ex-
posure for those who were offered non-combusted products only.*°
Alternative nicotine sources will need to be affordable in order to re-
duce incentives to purchase black market, fully nicotinized cigarettes.

There were clear benefits to smoking progressively reduced nico-
tine cigarettes. This included significant reductions in nicotine and
smoke exposure (CPD and exhaled CO), without increased nicotine
withdrawal symptoms or other adverse health effects. Exposure to
the tobacco-specific carcinogen NNAL decreased in the RNC group,
although other measures of toxicant exposure and oxidative stress
from tobacco smoke remained the same between groups. The find-
ings on tobacco smoke biomarkers are similar to other progressive
nicotine reduction studies,>” and indicate a benefit of nicotine reduc-
tion in low SES smokers even if they are less willing or able to quit.

The most important goal in harm reduction from switching to
reduced nicotine cigarettes is cessation.' In this study, we evalu-
ated quit attempts and quit success post-intervention as a follow
up to smoking cigarettes with minimally or non-addicting nicotine
levels. Among subjects who completed the trial, the RNC group was
significantly more likely to choose to make a quit attempt. At the
three month follow up visit, 7% (1 = 9) of the RNC group achieved
biochemically-validated abstinence with behavioral counseling and/
or nicotine pharmacotherapy support. Further, only smokers who
were compliant with smoking VLNC cigarettes achieved this ab-
stinence. This supports setting a 0.2 mg nicotine level in cigarettes
as a tobacco product standard. Although our study is one of few
RNC cigarette trials to have validated smoking abstinence during
follow up, others have shown self-reported quit attempts’ and higher
quitting contemplation® among VLNC smokers.

Strengths of the trial include the use of standardized research
cigarettes, a low SES sample, inclusion of Black subjects, a sus-
tained intervention over a relatively long period, and a post-
intervention assessment of smoking status and quit behavior.
Several limitations should be considered. Research cigarettes were
given to participants at no cost which could have incentivized an
increased frequency of use and/or study retention. By design, the
study included smokers who had no plans to quit over a six month
period. However, at the population level where some smokers
have intentions to quit in the immediate future, the success of
nicotine reduction might be even greater than that observed in the
trial. UNC menthol cigarettes were no longer available towards
the end of the study which prevented the choice to continue using
UNC study cigarettes in the Treatment Choice phase for some
menthol smokers. One cigarette brand (SPECTRUM) was used in
this trial. RNC cigarettes in the marketplace may have different
tastes or dimensions that affect smoking behavior. Sample sizes
were not large in some subgroup analyses such as the quit rates
in the RNC group of smokers who were VLNC compliers. The
generalizability of the findings is limited by the inclusion and ex-
clusion criteria. Although we did not exclude subjects with major
psychiatric or mood disorders (except for recent inpatient hospi-
talization), potential subjects with these conditions were select-
ively recruited to a parallel study that required mood and anxiety
disorders as an inclusion criteria.*> The findings cannot be gener-
alized to dual users of tobacco products or women who are plan-
ning to become pregnant, are pregnant, or nursing. While there
were no exclusions by race and ethnicity, the study included few
Asians and Hispanics. Finally, it is possible that differential attri-
tion might have been affected by the perceived benefits to stay in
the trial, where the UNC group valued their cigarettes more be-
cause of their higher nicotine content.

This study supports a proposed policy of progressively reducing
nicotine in cigarettes to minimally or non-addicting levels. While the
specific amount of nicotine that is a threshold for addiction has not
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yet been identified; the current study supports a standard of 0.2 mg
nicotine/cigarette. There were no significant adverse events attributed
to the study cigarettes. Subjects switching to reduced nicotine cigarettes
did not experience increased withdrawal symptoms during the trial,
which is possibly related to the tapered nicotine reduction. Increased
symptoms were observed in a trial with immediate reduction of nico-
tine although these were mild or temporary.** Alternatively, smokers
with high withdrawal symptoms may have dropped out of the study,
negating a larger difference between groups. The RNC group substan-
tially reduced their exposure to nicotine and NNAL. Successful one
month and three month smoking cessation occurred among subjects
who were able to switch to VLNC cigarettes. The differential dropout
rate, inability for some smokers to smoke RNC and VLNC cigarettes
exclusively over an extended period, and the overall lack of change
from high or moderate to minimal cigarette dependence in many RNC
smokers support the idea that concomitant intervention methods
during nicotine reduction in commercial cigarettes are needed to help
smokers transition to safer sources of nicotine. Further, sustained
smoking cessation efforts will still be needed for smokers who are un-
able or unwilling to quit smoking very low nicotine cigarettes.
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