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ABSTRACT
Tobacco and cannabis co-users (T+CUs) have poor cannabis cessation outcomes, but
the mechanisms underlying this are not well understood. This laboratory study examined
the effects of: (1) the partial nicotinic agonist, varenicline, on tobacco cessation among
T+CUs, and (2) varenicline, alone, and when combined with the cannabinoid agonist
nabilone, on cannabis withdrawal and a laboratory model of cannabis relapse. Non-
treatment-seeking T+CUs were randomized to active-varenicline or placebo-varenicline,
and completed a 15-day outpatient phase; varenicline was titrated to 1 mg BID during
days 1-8, and participants were instructed to abstain from tobacco during days 9-15.
Participants then moved inpatient for 16 days, where they continued their outpatient
medication and tobacco abstinence. Inpatient testing included two, 8-day medication
periods, where active-nabilone and placebo-nabilone were administered in
counterbalanced order, and measures of acute cannabis effects (days 1-2), withdrawal
(days 4-5), and ‘relapse’ (days 6-8) were collected. Participants in the active-varenicline
group were more likely to achieve cotinine-verified tobacco abstinence during the
outpatient period vs. placebo-varenicline group (46% vs. 24%, respectively), and also
reported less mood disturbance and cigarette craving while inpatient. Active-nabilone

attenuated cannabis withdrawal in both groups, but did not affect cannabis relapse.
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Regression analyses revealed that two tobacco-related variables, i. e., age of first
cigarette use, and cigarette craving while inpatient, were independent predictors of
cannabis relapse outcomes. Thus, varenicline holds promise in this population, as a tool
to examine the effects of tobacco abstinence on cannabis use outcomes, and as a

component of smoking cessation treatments targeting T+CUs.

Keywords: Tobacco, Cannabis, Pharmacotherapy, Relapse, Varenicline, Withdrawal

INTRODUCTION

Tobacco cigarette and cannabis co-use (T+CU) is increasingly common, and
associated with a constellation of poor clinical outcomes. In the U.S., the prevalence of
daily tobacco cigarette and cannabis has doubled since 2002 (Goodwin et al., 2018).
Currently, almost 3 million persons aged 12 years or older are daily T+CUs, including
about half of all daily cannabis users (Goodwin et al., 2018; Pacek et al., 2018). The
developmental trajectories of tobacco and cannabis use are closely intertwined (Badiani
et al., 2015) with shared risk factors (Chen et al., 2008; Brook et al., 2010), and
pharmacological interactions (Hindocha et al., 2017; Panlilio et al., 2013; Penetar et al.,
2005) driving high rates of co-use. Relative to cannabis-only users, T+CUs have higher
rates of Cannabis Use Disorder (CUD), more CUD-related problems and other
psychiatric co-morbidities (Diekrer et al., 2018; Peters et al., 2014), and lower rates of

cannabis cessation (Moore and Budney et al., 2001; Gray et al., 2017).
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Tobacco smoking is clearly a critical factor in cannabis use behaviors, including
frequency of use, risk of developing CUD, and cannabis cessation attempt outcomes.
Data from recent studies examining the mechanisms behind these associations provide
growing support for causal hypotheses (Diekrer et al., 2018; Hindocha et al., 2015).
Understanding the nature of interactions between cannabis and nicotine is essential to
determining the best treatment approaches T+CUSs. Is concurrent tobacco use best
conceptualized as (1) a prognostic indicator of CUD treatment outcome, with utility as a
treatment-matching variable, or as (2) an intervention target, whereby tobacco cessation
may be a means to improve cannabis cessation outcomes.

Four recent pilot studies examined the feasibility of interventions targeting
tobacco and cannabis cessation simultaneously (Becker et al., 2015; Hill et al., 2013;
Lee et al., 2015; Adams et al., 2017). Most participants in these studies found the
treatments acceptable, and there were some positive changes in tobacco use, but the
efficacy of the interventions remains unclear. All four studies used non-randomized
designs, had few participants achieve biochemically-verified tobacco abstinence (range
= 0% - 28%), and none observed positive effects on cannabis use. The latter may have
been due to withdrawal. Simultaneous cessation of tobacco cigarettes and cannabis
produces more severe withdrawal symptoms than cessation of one substance alone
(Vandrey et al., 2008), and greater withdrawal predicts worse cannabis cessation
outcomes (Allsop et al., 2012; Budney et al., 2008; Haney et al., 2013a). While all these
studies offered tobacco cessation pharmacotherapy, none utilized medication for

cannabis withdrawal. Prior studies targeting other polysubstance-using populations
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demonstrate that combining medications shown to decrease self-administration,
withdrawal, or craving for each substance independently are superior to monotherapies
at reducing drug use (Kosten et al., 2003; Pettinati et al., 2008, Ray et al., 2014). To our
knowledge, no prior studies have examined this approach among T+CUs.

Human laboratory studies are a fundamental component of addiction medication
development research. Our group has been at the forefront in testing pharmacotherapies
for CUD using a within-subjects, placebo-controlled, human laboratory model that
examines medication effects on (1) cannabis withdrawal symptoms during a period of
abstinence, and (2) a self-administration procedure that models cannabis relapse, by
offering cannabis-abstinent participants repeated opportunities to purchase individual
inhalations of cannabis using portions of their study earnings (see Balter et al., 2014 for
review). Across all 10 drug classes examined using this model, oral synthetic
cannabinoid agonists, administered alone, or in combination with other medications,
have produced the strongest positive signal. Dronabinol (Haney et al., 2004),
dronabinol+lofexidine (Haney et al., 2008), nabilone (Haney et al., 2013b), and
nabilone+zolpidem (Herrmann et al., 2016) suppressed withdrawal-related disturbances
in mood and sleep, and, in certain cases, reduced cannabis relapse. These findings
provide strong support for testing cannabinoid agonists a component of combination
pharmacotherapy approaches targeting T+CUs.

Despite substantial clinical comorbidity, relatively few controlled human
laboratory studies have examined interactions between tobacco use and cannabis

abstinence outcomes. Recently, our group performed a secondary analysis of data from
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five prior studies to examine predictors of cannabis relapse in our laboratory model
(Haney et al., 2013a). Tobacco cigarette smoking status was the most robust predictor
of cannabis relapse across all variables examined, with T+CUs relapsing on the first day
of active cannabis availability at 4 times the rate of cannabis-only users (61% vs. 15%,
respectively). These findings prompted a second study, summarized in the same report,
that examined the effects of short-term tobacco abstinence on cannabis relapse among
T+CUs. Cannabis relapse was assessed when participants were permitted to smoke
tobacco cigarettes ad libitum, and when they were required to be tobacco/nicotine
abstinent. The majority (287%) of participants relapsed to cannabis during both
conditions, suggesting that neither acute nicotine exposure, nor cueing effects of
tobacco cigarette smoking, increase cannabis relapse. Thus, further research is needed
to develop strategies to improve treatment for T+CUs.

The aim of this double-blind, placebo-controlled, human laboratory study was to
examine a combination pharmacotherapy approach for preventing cannabis relapse
among T+CUs. Specifically, we tested whether (1) maintenance on the nicotinic receptor
partial agonist varenicline (Chantix®) promotes tobacco cessation among T+CUs, and
(2) if varenicline, administered alone, and in combination with nabilone (Cesamet®)
reduces cannabis withdrawal and relapse to cannabis self-administration during

combined tobacco and cannabis abstinence.

MATERIALS AND METHODS
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Participant Recruitment, Screening, and Study Eligibility Requirements.
Otherwise healthy T+CUs co-users were recruited from the New York City area through
media advertisements. Study eligibility was initially assessed via telephone screening,
followed by in-person interviews and a medical examination. Inclusion criteria were: (1)
21-50 years of age, (2) smoking = 4 tobacco cigarettes/day for the past 8 weeks, (3)
using = 2 cannabis cigarettes (or equivalent) per day, = 6 days per week for the past 4
weeks, (4) having cannabis-positive urine drug tests, (5) being able to perform study
procedures, and (6) non-pregnant, and practicing an effective form of birth control
(women only). Primary exclusion criteria were: (1) meeting DSM-IV-TR criteria for an
Axis | disorder requiring medical intervention, (2) use of other illicit drugs >1x/week, (3)
problematic alcohol use, as determined using DSM-IV-TR criteria, and a subsequent
clinical evaluation, (4) significant medical illness (e.g., diabetes, hypertension), (5)
seeking treatment for cannabis or tobacco use, (6) using prescription medications daily,
or (7) having allergies to study medications. All participants provided informed consent,
and the New York State Psychiatric Institute (NYSPI) Institutional Review Board

approved study procedures.

Laboratory Procedures

Outpatient Phase

Outpatient Visit Schedule. Study flow is depicted in Fig. 1. Participants who provided
consent were randomized, without stratification, to active- or placebo-varenicline. The

NYSPI Research Pharmacy packaged medication in size 00 capsules, with riboflavin,
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and double-blind administration started on outpatient day 1. The purpose of the 15-day
outpatient phase was for varenicline titration prior to inpatient measures. Participants
completed 8 outpatient visits over these 15 days. At each laboratory visit, participants
were administered that morning’s capsule, dispensed medication kits containing study
capsules to be taken outside of the laboratory and monitored for medication adherence.
Active-varenicline was titrated to 2 mg a day (1 mg, BID) over days 1-8, continued at this
dose until the inpatient phase was completed, and then tapered during an outpatient

follow-up period.

Tobacco Cessation and Abstinence Monitoring. Participants in both groups were

instructed to quit using tobacco on outpatient day 9, and to remain nicotine/tobacco
abstinent for the remainder of the study. Breath carbon monoxide (CO) levels were
tested approximately every other day during days 1-12 of the outpatient phase (6 CO
tests in total). Urine cotinine was tested on days 14 and 15, and participants earned $50
cash incentives for each test indicating tobacco abstinence (cotinine < 100 ng/ml).
Participants were not instructed to change their cannabis use, per se, but were informed
that smoking cannabis rolled in tobacco-containing wrappers (‘blunts’) may interfere with
their ability to earn incentives for tobacco cessation. Participants also completed 3
sessions testing the subjective and cardiovascular effects of active (5.6% THC; ‘Dose A’)
and 3 sessions of inactive (0% THC; ‘Dose B’) cannabis administration as a function of
varenicline dose and tobacco smoking status (data to be reported separately). These

sessions familiarized participants with the effects of each type of cannabis; self-
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administration testing was blind, i.e., participants were told whether ‘Dose A’ or ‘Dose B’

cannabis was available, but they were never told the THC content.

Inpatient Phase

Enroliment. The inpatient phase was set in a residential laboratory with 4 individual
bedrooms (see Haney et al., 1999 for detailed description). We intentionally over-
enrolled during the outpatient phase to ensure each inpatient cohort would contain 3-4
participants. In instances where >4 participants completed the outpatient phase (see Fig.
1), the investigators (blinded to study medication assignment) selected 4 for move in
based on factors that included attendance reliability and adherence to outpatient study
procedures, including tobacco cessation outcomes.

The 16-day inpatient phase consisted of two 8-day medication periods.
Participants were experimentally administered active cannabis on days 1-2 of each
period, and received inpatient medications (active- and placebo-nabilone, in
counterbalanced order) during days 3-8 of each period. Participants continued the
outpatient medication dose (active or placebo varenicline) during the inpatient phase and
were prohibited from using tobacco or nicotine-containing products. Compliance with
inpatient abstinence requirements was ensured by staff search of participant’s

belongings and 24-hour video monitoring. Participant vitals were measured dalily.

Experimental Cannabis Administration. During days 1-2 of each 8-day medication

period, participants were administered 3 inhalations from active cannabis cigarettes
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(5.6% THC) 6 times each day (total = 18 inhalations per day) using a paced puffing
procedure (Foltin et al., 1987). The purpose of experimental cannabis administration was
to (1) standardize cannabis exposure prior to the onset of withdrawal measurements
collected during active-nabilone and placebo-nabilone maintenance, and (2) to have a
period of non-abstinence to use as a baseline for evaluating symptoms of cannabis

withdrawal.

Inpatient Medication Administration. During days 3-8 of each medication period,

participants were administered either active-nabilone (4 mg, BID) or placebo-nabilone,

along with their outpatient medication, at 0830 and 2230 each day.

Active Cannabis Abstinence. During days 3-5, participants had the opportunity to self-

administer individual 5-second inhalations from inactive cannabis cigarettes (0.0% THC;
‘Dose B’) by purchasing these inhalations using portions of their study earnings ($9 for
the first inhalation of the day, and $2 for subsequent inhalations). Data collected during
days 4-5 were used to evaluate medication effects on cannabis withdrawal; day 3 data
were not used because mood-related cannabis withdrawal symptoms often take ~24

hours to onset (Haney et al., 2003).

‘Relapse’ to Cannabis Self-Administration. During days 6-8, participants had the

opportunity to self-administer inhalations from active cannabis cigarettes (5.6% THC;

‘Dose A’; $9 for the first inhalation of the day, and $2 for subsequent inhalations). These
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data were used to examine cannabis ‘relapse’ using two sets of analyses: We (1)
examined the effects of study medications on the number of cannabis inhalations
purchased during these 3-day relapse periods, and (2) performed multivariate logistic
regression to identify predictors of purchasing at least one inhalation on the first day of

each relapse period.

Move-Out and Medication Taper. Participants were discharged from the inpatient phase

the morning after the second 8-day medication period, followed by a short outpatient

medication taper for varenicline. Nabilone was not tapered.

Measures
Participant Characteristics. Demographic and substance use characteristics were
assessed via self-report questionnaires and in-person interviews completed during study

screening (see Table 1).

Outpatient Phase

Tobacco and Other Substance Use. Participants completed a Timeline Followback

Interview (Sobel and Sobel, 1992) at each visit, reporting on use of tobacco, other
nicotine-containing products, cannabis, alcohol, other illicit drugs, and over-the-counter
medications. Breath CO measures were used to examine changes in smoking over the
outpatient phase as a function of medication condition. Urine samples collected on days

14 and 15 were tested for cotinine/hydroxycotinine using NicAlert® test strips (Nymox
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Pharmaceutical Corporation). A result of Level 2 (= 100ng/ml) or below was considered

evidence of tobacco abstinence.

Adverse Events. Open-ended, self-report Timeline Followback interviews were

conducted at each visit to collect data on any physical symptoms, changes in mood, and

sleep disturbances experienced by participants during the outpatient phase.

Inpatient Phase

Mood and Craving. Participants completed 44-item computerized questionnaires eight

times each day. They viewed mood, physical symptom, drug effect, and drug craving
descriptors, and used a 100-mm visual analog scale (VAS) to rate the extent each
descriptor reflected how they felt at that moment, ranging from ‘not at all’ (0 mm) to

‘extremely’ (100 mm).

Sleep. Objective data were obtained using the wrist-worn Actiwatch® Activity Monitoring
System (Respironics Company, Bend OR). Participants also completed a seven-item
VAS questionnaire each morning to collect subjective ratings of sleep quality (e.g., ‘Fell

Asleep Easily,” ‘Woke Often,” ‘Number of Hours Slept’).

‘Relapse’ to Cannabis Self-Administration. We recorded the number of inhalations

purchased each day active cannabis was available, i. e., days 6-8 of the active-nabilone

and placebo-nabilone periods.
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Data Analysis

Demographic and substance use characteristics. The active- and placebo-
varenicline groups were compared using independent-samples t-tests for continuous
variables and Fisher’s exact tests for categorical variables. These comparisons were
performed for all outpatient phase completers (n=62), and again among the subset that
also completed inpatient (n=46). These characteristics were also examined as predictors

of study retention using logistic regression.

Outpatient Phase

Tobacco Use. Repeated Measures Analysis of Variance (RM-ANOVA) with planned
contrasts, and a Generalized Estimating Equation (Ziegler and Vens, 2010) for repeated
measures dichotomous data, were used to examine the effects of medication condition,
time, and their interaction on breath CO and urine cotinine levels. Rates of self-reported
tobacco abstinence on days 9-15 were universally high and had poor agreement with
objective measures so were excluded from further analyses. Demographic and
substance use characteristics were compared between participants who met vs. did not

meet cotinine abstinence criteria using t-tests/Fisher's exact tests.

Adverse Events. Incidence rates of events reported by at least 5% of participants in each

medication group were compared between groups using Fisher’s exact tests.
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Inpatient Phase; Main Outcomes

Cannabis Intoxication and Withdrawal; Mood, Craving, and Sleep. Based on cluster

analyses conducted previously (Haney et al., 2010), we reduced 32 of the 44 mood
scale items into six subscales: Miserable (‘miserable,’ ‘irritable’), Anxious (e.g., ‘anxious,’
‘restless’), Bad effect (e.g., ‘depressed,” ‘upset stomach’), Sedated (e.g., ‘tired,’
‘sedated”), (5) Social (e.g., ‘friendly,’ ‘talkative’), and (6) High (‘high,” ‘good effect’).
Ratings of tobacco (‘I Want Cigarettes’) and cannabis (‘I Want Marijuana’) were
examined separately, and daily peak ratings of mood and craving were used for
analyses. Actiwatch® data were used to calculate total sleep time, sleep onset latency
(time from lights out until sleep), and sleep efficiency (proportion of time asleep divided
by total time in bed). These analyses were based on RM-ANOVA, with planned
contrasts comparing (1) days 1-2 of placebo-nabilone between groups, to assess
varenicline effects prior to cannabis abstinence, (2) days 1-2 vs. days 4-5 of placebo-
nabilone, within each group separately, to assess cannabis withdrawal, and (3) between
days 4-5 of placebo-nabilone vs. days 4-5 of active-nabilone, also within-groups, to

assess the effects of nabilone on cannabis withdrawal.

‘Relapse’ to Cannabis Self-Administration. The proportion of participants that purchased

at least one inhalation of active cannabis was analyzed using Generalized Estimating
Equations, based on negative binomial distributions, to model the effects of varenicline
(between-groups), nabilone (within-subjects), and their interaction on total number of

inhalations purchased on days 6-8.
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Inpatient Phase; Predictor Analyses. Our prior predictor analysis showed that tobacco
smoking status was a robust predictor of cannabis relapse in this laboratory model
(Haney et al., 2013a). Building directly on these findings, we used data from the present
study to examine predictors of cannabis relapse among T+CUs. Since this study
allocated participants to medication conditions (varenicline vs. placebo, nabilone dose
order) that could influence relapse outcomes, preliminary analyses of these factors were

conducted to inform variable definitions and model selection for predictor analyses.

Defining ‘relapse’ for predictor analyses. Consistent with our prior findings (Haney et al.,

2013a), the majority (~75%) of participants who relapsed during each medication period
did so on the first day. Rates of first-day relapse did not differ between active vs.
placebo-nabilone periods, and these outcomes were not strongly correlated (Phi
Coefficient = 0.39). Thus, we defined relapse in the same manner as in our prior
predictors analysis, i.e., purchasing at least one inhalation on the first day of active

cannabis availability, and analyzed relapse outcomes independently.

Relations between study allocation and relapse. Relapse outcomes did not differ as a

function of varenicline group, nabilone dose order, or their interaction. Thus, they were
not explicitly controlled for as covariates but were included among variables examined
as potential predictors of relapse (see Table 2). These variables included: 1) baseline

demographic, tobacco, and cannabis use characteristics, 2) measures of tobacco and
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cannabis use during the outpatient period, 3) ratings of positive drug effects (‘High’)
during experimental cannabis administration (days 1-2), and 4) mood, craving, and sleep
outcomes during the abstinence period (days 4-5) preceding each relapse assessment,

respectively.

Regression Model. We used stepwise logistic regression with backward elimination to

identify predictors for each relapse outcome. This method starts with all potential
predictors in the model; one-by-one, the least significant predictor is removed, and the
model refit, until only variables that significantly improve the model fit remain. This
method allows us to identify the best set of predictors for each relapse outcome, while
accounting for covariance among predictors (Solomon et al., 2007). Significance

threshold for variable removal was set at « = 0.10, and derived models were compared

to intercept-only models based on likelihood-ratio chi square tests and a significance

level of a =.05.

RESULTS
Participant Characteristics. Participant enroliment, medication condition allocation,
and disposition are displayed in Fig. 1. Demographic and substance use characteristics
are displayed in Table 1. Active- and placebo-varenicline groups did not differ on any of
these characteristics, nor did any characteristics predict study retention. The difference
in sample size between medication groups was the result of outpatient dropout or

discontinuation.
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Outpatient Phase

Tobacco Smoking Cessation Outcomes. RM-ANOVA indicated breath CO levels
decreased over time in the active-varenicline group (p < 0.001), but not in the placebo-
varenicline group. The overall means (+ standard error of the mean) of CO readings
collected pre-quit (days 1-8) vs. post-quit date (days 9-15) were 10.7 (+0.8) vs. 6.2 (0.6)
for the active-varenicline group, and 9.2 (x 1.0) vs. 7.6 (= 1.0) for the placebo-varenicline
group. A Generalized Estimating Equation indicated that the percentage of participants
providing urine samples indicative of tobacco abstinence increased from day 14 to day
15 in the active-varenicline group (from 24% to 46%; p = 0.001) but not in the placebo-
varenicline group (from 32% to 24%). Tobacco abstinent vs. non-abstinent participants

did not differ on any demographic or substance use history characteristics.

Adverse Events. The most commonly reported events were gastrointestinal upset (47%
in the active-varenicline group vs. 44% in the placebo-varenicline group), drowsiness
(33% vs. 28%), sleep difficulty/strange dreams (19% vs. 28%), mood disturbances (8%
vs. 36%), headache (17% vs. 8%), flatulence (8% vs. 16%), and appetite change (8%
vs. 16%). The only significant difference was for mood disturbance, with a higher

incidence in the placebo-varenicline group (p = 0.01).

Inpatient Phase; Main Outcomes
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Mean peak ratings on ‘Miserable’ and ‘Anxious’ clusters, ‘| Want Cigarettes,’ ‘| Want
Marijuana’ items, and objective measures of sleep onset latency and sleep efficiency are

displayed in Fig. 2. Results for other variables are described, but not depicted.

Experimental Cannabis Administration. RM-ANOVA planned contrasts indicated that
participants in the active-varenicline group had significantly lower ratings of ‘Miserable,’
Anxious,” and ‘| Want Cigarettes’ vs. the placebo-varenicline group during days 1-2 of
the placebo-nabilone period (p < 0.05). Ratings reflective of cannabis drug effect

strength (e.g., ‘High’) did not differ between groups.

Cannabis Abstinence on Placebo-Nabilone. Relative to baseline, cannabis
abstinence under placebo-nabilone conditions was associated with increased ratings of
‘Miserable,” and ‘Irritable,’ in both groups (p < 0.05), and increases in ‘Anxious’ and ‘Bad’
in the active-varenicline group (p < 0.05). Ratings of ‘High’ decreased in both groups (p
< 0.05). Abstinence was also associated with increased sleep latency, decreased sleep
efficiency, and decreased ratings of ‘Fell Asleep Easily,’ in both groups (p < 0.05);

ratings of ‘Woke Often’ also increased in the active-varenicline group only (p < 0.05).

Nabilone Attenuation of Cannabis Withdrawal. Active-nabilone significantly
attenuated all withdrawal-related changes in mood and sleep observed during the
placebo-nabilone period in both groups (p < 0.05), except for increases in ratings of

‘Anxious’ in the active-varenicline group. Active-nabilone also produced minor, but
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statistically significant increases in ratings of ‘High’ in both groups, relative to placebo (p

< 0.05), and increased ratings of ‘Sedated’ in the active-varenicline group (p < 0.05).

Cannabis ‘Relapse’. There were no significant effects of varenicline or nabilone on the
number of active cannabis inhalations purchased. Across active- and placebo-
varenicline groups, 54% of participants purchased = 1 inhalation of active cannabis
during the three-day relapse period while on placebo-nabilone, and 51% did so while on
active-nabilone. Participants who relapsed in the placebo-nabilone condition purchased
an average of 5.4 (+ 3.7) inhalations/day; those that relapsed on active-nabilone

purchased 4.0 (x 3.2) inhalations/day.

Inpatient Phase: Examining predictors of Cannabis ‘Relapse’

Overall Rates of First-Day Relapse. Data on several variables of interest (e.g., Age of
First Tobacco Cigarette) were not collected from the first five inpatient completers,
resulting in n = 41 for predictor analyses. Overall, 39% of participants relapsed on the
first day of active cannabis availability during both the placebo-nabilone and active-
nabilone periods. Relapse rates did not differ between active-varenicline vs. placebo-
varenicline groups during either placebo-nabilone (38% vs. 40%) or active-nabilone
(44% vs. 36%) periods. Relapse rates also did not differ between first vs. second
inpatient periods, overall (44% vs. 34%, respectively), or as a function of dose order
during placebo-nabilone (44% vs. 35%) or active-nabilone (43% vs. 33%) maintenance.

These factors were treated as like other candidate predictor variables, allowing us to test
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for effects on relapse that are only apparent when other variables are in the model (i.e.,

suppressor effects).

Regression Results.

Relapse on Placebo-Nabilone. Regression analysis indicated that Age of First Tobacco

Cigarette was the only variable that accounted for independent variance in relapse
during the placebo-nabilone period. For every one-year increase in Age of First Tobacco
Cigarette , there was a 19% decrease in the odds of relapse (OR = 0.81, C.I = 0.68-0.98,
p = 0.03). Splitting the sample according to the median Age of First Tobacco Cigarette
(<16 vs. 216 years old) revealed a robust difference in the odds of relapse between

these two groups (54% vs. 21%, respectively).

Relapse on Active-Nabilone. Stepwise logistic regression identified two-factor predictive

model for relapse during the active-nabilone period; Age of First Tobacco Cigarette , and
visual analog scale ratings of ‘Il Want Cigarettes’ during the preceding withdrawal phase
predicted independent variance in the odds of cannabis relapse x° = 10.41, p = 0.005).
Nearly identical to placebo-nabilone, every one-year increase in the Age of First Tobacco
Cigarette reduced odds of relapse by 18% (OR = 0.82, C.I = 0.68-1.00, p = 0.05). For
every 1 mm increase in VAS ratings of ‘I Want Cigarettes’ during the preceding
withdrawal phase, the odds of relapse increased by ~3% (OR = 1.028, ClI = 1.002-1.054,

p = 0.03).
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DISCUSSION

This report summarizes the first study examining the effects of varenicline, alone,
and in combination with nabilone, on tobacco cessation, tobacco and cannabis
withdrawal, and a laboratory measure of cannabis relapse among daily T+CUs. There
are three major sets of findings. First, varenicline was well-tolerated, increased
outpatient tobacco cessation, and reduced negative mood and cigarette craving during
controlled, inpatient tobacco abstinence. Second, nabilone attenuated cannabis
withdrawal in both active- and placebo-varenicline groups, but did not alter cannabis
relapse in either group. Third, results of predictor analyses indicated that behavioral
markers of tobacco use severity were independent predictors of cannabis relapse
among T+CUs, extending our prior findings on this topic (Haney et al., 2013a).

The present results demonstrate that varenicline (1 mg BID), combined with
financial incentives ($50 per cotinine-negative urine sample) can produce high rates of
experimental tobacco abstinence among T+CUs. Participants on active-varenicline had
significant reductions in breath CO after the outpatient quit date, and almost half
provided urine samples indicative of tobacco abstinence. The active-varenicline group
also reported lower levels of negative mood and cigarette craving during the inpatient
phase. These differences were likely a function of varenicline’s effects on nicotine
withdrawal. Varenicline was well-tolerated, with no self-reported adverse effects
exceeding placebo. Overall, these data indicate that varenicline may be effective at
promoting tobacco cessation among T+CUs, and suggest further research examining

varenicline as a smoking cessation treatment among T+CUs is warranted.
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Both active- and placebo-varenicline groups showed disruptions in mood and
sleep during cannabis abstinence. Nabilone attenuated almost all of these disruptions in
both groups, making this the third consecutive study supporting nabilone’s efficacy in
this regard (Haney et al., 2013b; Herrmann et al. 2016). However, contrary to our prior
studies, nabilone did not reduce relapse to cannabis self-administration. This may
represent a floor effect; the proportion of participants relapsing on placebo-nabilone, and
the mean number of inhalations purchased among those that relapsed, were both ~30%
lower than those observed among T+CUs in our prior studies (Haney et al., 2013a).
Although not tested experimentally, we hypothesize that the longer durations of tobacco
abstinence observed here may have produced reductions in cannabis self-administration
that interfered with our ability to detect effects of nabilone on relapse.

In a prior report, we examined predictors of cannabis relapse in the human
laboratory using data from five prior inpatient laboratory studies. The analyses revealed
that cigarette smoking status was the most robust predictor of cannabis relapse among
all variables examined (Haney et al., 2013a). The present study extended these findings
by conducting predictor analyses among a sample composed entirely of T+CUs and
examining tobacco-related variables not assessed previously. These analyses
demonstrated that Age of First Tobacco Cigarette predicted cannabis relapse during
placebo-nabilone maintenance, and that Age of First Tobacco Cigarette and peak ratings
of ‘I Want Cigarettes’ during cannabis withdrawal were independent predictors of relapse
during active-nabilone maintenance. These results extend our prior findings by

suggesting that the association between tobacco use and cannabis relapse extend
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beyond what is captured by a dichotomous measure of tobacco smoking status.
Interestingly, while tobacco use severity variables predicted cannabis relapse across
varenicline and nabilone treatment conditions, withdrawal-related variables did not relate
to either cannabis relapse outcome. This suggests that factors other than withdrawal are
mediating relations between tobacco smoking and cannabis relapse.

The results of our predictor analyses closely mirror findings from the tobacco
cessation literature, as prior studies have demonstrated that younger age of 1%'tobacco
cigarette (Breslau and Peterson, 1996; Khuder et al., 1999) and greater cigarette craving
during early abstinence (Allen et al., 2008; Killen and Fortmann, 1997) are predictive of
poor tobacco cessation outcomes. We hypothesize two potential explanations for our
findings. First, age of 1% tobacco cigarette and craving levels during abstinence are
proxy variables indicating underlying vulnerability to poor cessation outcomes across
both substances. Second, tobacco abstinence may reduce cannabis relapse in a matter
moderated by these variables. The differences in cannabis relapse between early vs.
late-onset cigarette smokers in the present study (21% for 216 years old vs. 55% for <16
years old) resemble those observed among non-cigarette smokers vs. non-abstinent
cigarette smokers with our prior analyses (15% vs. 61%; Haney et al., 2013a). We
hypothesize that the durations of tobacco abstinence tested here may have been
sufficient to reduce cannabis relapse in later-onset, but not earlier-onset, tobacco
smokers, but this hypothesis needs to be tested empirically.

The results of this study should be considered in the context of three important

limitations. First, participants were non-treatment-seekers, and data were collected in a

ES Herrmann et al Varenicline+nabilone in T+CUs 23

This article is protected by copyright. All rights reserved.



controlled residential environment, using procedures developed to model (not mimic)
cannabis relapse. We are unable to evaluate the model’s validity in predicting relapse in
a clinical context in lieu of clinically-efficacious pharmacotherapies for CUD. However,
several outpatient treatment studies evaluated medications that were also tested using
this model, and results were largely consistent across laboratory and clinic, so the
laboratory mirrors negative effects seen in outpatient clinical trials (see Brezing and
Levin, 2018). Second, the utility of using breath CO for monitoring initial tobacco
abstinence among T+CUs has not been previously established. Since both tobacco and
cannabis smoking elevate CO levels, interpretation of CO results in the context of
ongoing cannabis use may be problematic. Third, predictor analyses were not
components of the initial study design; the results should be interpreted as preliminary.
That said, the observed relations between Age of First Tobacco Cigarette and early
relapse to cannabis self-administration were robust in magnitude and uniform across
medication conditions. Considering these results in the context of their consistency with
our prior findings (Haney et al., 2013a), and findings in the tobacco cessation literature,
suggests that these results are unlikely to be spurious.

In summary, these data indicate that both varenicline and nabilone hold promise
as pharmacotherapies for T+CU. Varenicline was well-tolerated, improved outpatient
tobacco cessation rates, and reduced negative mood and cigarette craving inpatient.
Taken together with findings from other recent studies demonstrating that varenicline is
a highly effective among other co-morbid subgroups of smokers (Anthenelli et al., 2016;

O’Malley et al., 2018), these results demonstrate that varenicline is a promising
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medication for tobacco cessation among T+CUs. Nabilone robustly attenuated cannabis
withdrawal-related changes in mood and sleep, was well-tolerated, produced few side
effects, and appears to have lower abuse liability than smoked cannabis. Although
neither medication reduced cannabis relapse, per se, the orderly relations between
behavioral markers of tobacco use severity and cannabis relapse outcomes observed
here are compelling. Overall, results provide strong rationale for additional research on
the effects of extended tobacco cessation on CUD; This avenue may lead to the
development of effective cessation treatments for T+CU, a large population with poor

health outcomes.
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Table 1. Demographic and substance use characteristics of participants that completed the outpatient
phase (n=62), and also completed the inpatient phase (n=46), sorted by medication group.

Completed Outpatient Completed Inpatient
Placebo Active Placebo Active
Characteristic Varenicline Varenicline Varenicline Varenicline
(n=25) (n=37) (n=18) (n=28)
Demographics
Age, inyears 32.6 (9.3) 32.2 (6.0) 31.4 (8.9) 32.7 (6.6)
Sex (% male) 80 84 78 86
Race (% black) 84 76 83 75
Ethnicity (% hispanic) 24 32 22 32
Education, in years® 12.2(1.5) 11.8(1.8) 12.1 (1.6) 11.8 (2.0)
Tobacco Use
Cigarettes per day 7.4 (3.0) 9.3(5.7) 8.3(3.0) 9.4 (5.9)
Age of first cigarette 16.0 (4.5) 15.6 (5.0) 16.3 (4.9) 16.1 (5.5)
Age started smoking daily 18.2 (3.6) 18.2 (6.6) 18.5 (3.9) 18.5 (6.8)
FTND score? 4.2 (2.2) 4.1 (2.5) 4.4 (2.2) 3.9(2.5)
Breath CO (ppm)* 10.78 (5.7) 15.8 (8.3) 11.7 (5.6) 15.0 (8.4)
Cannabis Use
Days used per week 6.9 (0.4) 7.0 (0.0) 6.9 (0.4) 7.0 (0.0)
Joints per day 11.7 (7.0) 12.2 (7.4) 13.5 (6.8) 11.0 (6.4)
Age of first use 15.3 (3.5) 15.3 (5.0) 15.7 (4.0) 16 (5.4)
Years using regularly 13.6 (8.5) 14.1 (5.7) 13.5(7.8) 13.8 (6.3)
Other Substance Use
Alcohol use (past month, %) 60 76 61 71
Drinks per week * 3.4(2.7) 3.8(3.6) 3.0 (2.0) 4.1 (4.0)
Cocaine use (past month, %) 0 8 0 7

Note. Values are mean (standard deviation) unless otherwise specified. Characteristics were compared
between medication groups using independent-samples t-tests (continuous variables) and Fisher's exact
tests (categorical variables), and examined as predictors of study retention using logistic regression.
There were no significant differences between medication groups, nor did any of these variables predict

study retention (p > 0.05).112 years of education = high school diploma or equivalent. 2Fagerstrtim Test

for Nicotine Dependence, ®Breath Carbon Monoxide (in parts per million), “Among those who reported
alcohol use during the past month.
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Table 2. Variables included in regression analyses examining predictors of cannabis
relapse during placebo-nabilone and active-nabilone medication periods.

Demographics Outpatient Phase
Age (years) Varenicline condition
Sex (% male) Mean cigarettes per day (days 1-8)
Race (% black) Mean breath CO (days 9-15)
Ethnicity (% hispanic) Urine cotinine < 100ng/ml (day 15)
Education (years) Mean joints per day (days 1-8, days 9-15)
Tobacco + Cannabis Use Inpatient Phase
Tobacco cigarettes per day Varenicline condition
Age of first cigarette use Nabilone dose order
Age started smoking daily Ratings of 'High' (days 1-2)
FTND score Ratings of 'Miserable, ' 'Anxious ' (days 4-5)
Cannabis joints per day ' Want Cigarettes,'...'Marijuana’ (days 4-5)
Age of first cannabis use Mean sleep latency (days 4-5)
Years using cannabis regularly Mean sleep efficiency score (days 4-5)

Note; For the outpatient phase, days 1-8 = varenicline titration period, and 9-15 =
attempted tobacco abstinence. For the inpatient phase, days 1-2 = experimental
cannabis adminstration, and days 4-5 = cannabis withdrawal (active-nabilone and
placebo-nabilone periods, separately). Inpatient phase variables examined as relapse
predictors were calculated using data from that period only.
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Consented and enrdlled

{n =385}
Started 15-day outpatient phase Did not start outpatient phase
{n =76} {n=9)
Randomized to placebo-varenicline Randomized to active-varenicline
{n=33) {n=43}
Completed 15-day outpatient Did not complete Completed 15-day outpatient Did not complete
phase and included in analyses outpatient phase phase and included in analyses outpatient phase
{n=25) {n=8} {n =37} (n =6)
Moved inpatient (20} Withdrew from study (6} Moved inpatient (30} Withdrew from study (3}
No-show on move-in day (2} Discharged by investigator (2} No-show on move-in day (3} Discharged by investigator (1)
Not seledted for inpatient (3} Not selected for inpatient (4}
Completed 16-day inpatient phase Did not complete inpatient Completed 16-day inpatient phase Dad not complete
and included in analyses phase and included in analyses inpatient phase
{n=18) {n=2) {n=28) {n=2)
Received placebo-nabilone first (11} Withdrew from study (2} Received placebo-nabilone first (10} Withdrew from study (1}
Received aclive-nabilone first (7} Received adive-nabilone first (18} Discharged by investigator (1}

Figure 1. Study design, participant randomization, and participant disposition. There were no significant differences in retention
between active-varenicline vs. placebo-varenicline groups. Investigator-initiated study discharges were the result of participant
noncompliance with study procedures. In instances when >4 participants in a cohort completed the outpatient phase, the
investigators (blinded to medication assignment) selected n=4 for move in based on attendance reliability and adherence to
outpatient study procedures, including tobacco cessation outcomes.
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Figure 2. Mean (standard error of the mean) Visual Analog Scale (‘VAS’) ratings on
‘Anxious’ (A) and ‘Miserable’ (B) clusters, ratings of tobacco craving (‘I Want Cigarettes’;
C), cannabis craving ('l Want Marijuana,’; D), and mean (x standard error of the mean)
sleep onset latency (E) and sleep efficiency (F) scores during baseline experimental
cannabis administration (days 1-2; ‘BL’), during cannabis withdrawal on placebo-
nabilone (days 4-5; ‘PBQO’), and during cannabis withdrawal on active-nabilone (days 4-
5; ‘NAB") sorted as a function of varenicline group. *’ indicate significant differences
between placebo-varenicline vs. active-varenicline groups during days 1-2; ‘# indicate
differences between days 1-2 vs. days 4-5 on placebo-nabilone, and ‘A’ indicate
differences between placebo-nabilone vs. active-nabilone during days 4-5. Results are
based on repeated-measures analysis of variance, with planned contrasts, and a
significance threshold of p = 0.05
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