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Abstract

Background: The alcohol cue reactivity paradigm is increasingly used to screen medications for
the treatment of alcohol use disorder (AUD) and other substance use disorders. Yet, its prospective
association with craving and naturalistic drinking outcomes in clinical trials remains unknown.
This study embedded repeated human laboratory assessments of alcohol cue reactivity within the
context of a randomized controlled trial to examine the effects of varenicline tartrate (Chantix®), a
partial agonist of a4p2 nicotinic acetylcholine receptors, on alcohol craving among treatment-
seeking heavy drinkers with AUD. Our main objectives were to test whether varenicline, as
compared to placebo, blunts alcohol-cue elicited craving and test whether alcohol cue reactivity
observed in the human laboratory predicts subsequent alcohol craving and use during the
remainder of the trial.

Design and Methods: This double-blind, randomized, two-site study compared the effects of
varenicline (up to 2 mg/day) and placebo on responses to /in vivo alcohol cue and affective picture
cue exposure in the human laboratory. Forty-seven volunteers (18 females, 29 males), ages 23 to
67 years (M = 43.7, SD = 11.5), were recruited from the community via advertisements to
participate in a clinical trial designed to study the effects of varenicline on alcohol use. Participants
were randomized to either varenicline or placebo for 6 weeks.

Results: Varenicline did not attenuate cue-induced alcohol craving relative to placebo, but
craving captured during the cue reactivity paradigm significantly predicted subsequent alcohol use
in real-world settings during the clinical trial. Higher craving predicted heavier alcohol use.
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Conclusions: Our results are among the first to show alcohol cue-induced craving captured
during a human laboratory paradigm predicts drinking outcomes in the context of a clinical trial.
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Varenicline; alcohol; cue reactivity; human laboratory

Introduction

Alcohol use disorder (AUD) affects nearly one-third of adults in the United States during
their lifetime (Grant et al., 2015). Excessive alcohol use causes myriad acute and long-term
medical, psychological, and social problems (Litten et al., 2012) and carries an economic
burden of $249 billion each year (Sacks et al., 2015). Although advances in
pharmacotherapy have improved treatment options for individuals who struggle to reduce
their alcohol use, many people do not benefit from existing medications. Thus, efforts are
needed to evaluate new medications and better understand how existing treatments work
(Chung et al., 2016, Litten et al., 2015).

Human laboratory studies of acute responses to alcohol, alcohol cues, or other experimental
manipulations have progressed in important ways and hold potential to advance our
understanding of how medications exert beneficial effects on drinking outcomes (Plebani et
al., 2012). Alcohol cue reactivity, which involves systematic exposure to /n vivo alcohol cues
and simulates high-risk situations for relapse, is one of the most widely studied laboratory
paradigms in the context of AUD (Reynolds and Monti, 2013, Niaura et al., 1988). Exposure
to alcohol cues reliably elicits responses presumed to relate to the motivational processes
that underlie drinking (Monti et al., 2000), and it is sensitive to medication effects among
treatment seeking and non-treatment seeking adults and adolescents. Alcohol cue-induced
craving is blunted by naltrexone (Monti et al., 1999, Miranda et al., 2014, Davidson et al.,
1999, McCaul et al., 2000, Ooteman et al., 2007, Lukas et al., 2013), gabapentin (Fox et al.,
2012), mifepristone (MacKillop et al., 2015), prazosin (Hutchison et al., 2001), d-
cycloserine (MacKillop et al., 2015) and olanzapine (Hutchison et al., 2001) as well as
combinations of these medications (Myrick et al., 2008).

Although alcohol cue reactivity is increasingly used to screen medications for the treatment
of AUD and other substance use disorders, its prospective association with craving and
naturalistic drinking outcomes in clinical trials remains unknown. Medications that blunt
alcohol cue-elicited craving in laboratory studies also typically decrease weekly self-
reported craving in separate randomized clinical trials (RCTs) (Rosner et al., 2010,
Vendruscolo et al., 2015, Mason et al., 2014, Volpicelli et al., 1992, O’Malley et al., 1992,
Jonas et al., 2014, Anton et al., 2006).

Although there is evidence that neuroimaging phenotypes can predict drinking outcomes and
related medication effects (Bach et al., 2020, Schacht et al., 2013, Schacht et al., 2017, Mann
et al., 2014), to our knowledge, no study has directly tested whether cue reactivity, as
measured by subjective craving in the human laboratory, predicts medication response (i.e.,
craving and naturalistic drinking) in the context of a single RCT. Inasmuch as modeling
medication effects in the laboratory is meant to provide a time- and cost-efficient strategy for
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screening new drugs, it is essential that we understand whether these paradigms
prospectively predict outcomes.

The present study leveraged the alcohol cue reactivity paradigm, in the context of a RCT, to
examine the effects of varenicline tartrate (Chantix®), a partial agonist of a4B2 nicotinic
acetylcholine receptors, on alcohol craving among treatment-seeking heavy drinkers with
AUD. Varenicline was approved in the United States for smoking cession in 2006 (Gonzales
et al., 2006). Four subsequent RCTSs tested its efficacy for treating alcohol use among
problem drinkers with mixed results (de Bejczy et al., 2015, Litten et al., 2013, O’Malley et
al., 2018, Fucito et al., 2011). On the whole, there is insufficient evidence to conclude
whether or how varenicline is an effective treatment for AUD. One human laboratory study
tested varenicline’s effects on reactivity to /n vivo alcohol cues and found that among
nontreatment-seeking social drinkers, it attenuated alcohol cue-elicited craving relative to
placebo among heavy drinkers, and this effect did not differ between smokers and
nonsmokers (Roberts et al., 2017). In addition, a neuroimaging study tested the effects of
varenicline administered for two-weeks on alcohol cue-elicited activation of reward-related
brain areas among non-treatment-seeking individuals with alcohol dependence (Schacht et
al., 2014). Results showed that varenicline, as compared to placebo, decreased alcohol cue-
elicited activation of the bilateral orbitofrontal cortex but it did not affect other regions
previously shown to be impacted by medications for AUD (e.g., ventral striatum, medial
prefrontal cortex). Varenicline did not affect drinking outcomes, and there were no
significant relationships between alcohol cue-related brain activation and alcohol use or
craving during this brief two-week trial.

The present multisite study embedded repeated assessments of alcohol cue reactivity within
the context of a short-duration RCT. Treatment-seeking heavy drinkers with moderate to
severe AUD were randomized to varenicline (2 mg/daily) or placebo for six weeks. Our
primary goal was to test varenicline’s effects on alcohol-cue elicited craving assessed after
three and six weeks of medication or a matched placebo. Based on prior research that found
varenicline blunted alcohol cue reactivity after only 1 week of varenicline treatment (Roberts
et al. 2017), we examined medication effects on alcohol cue reactivity during Week 3. By
studying effects during Week 3 we exceeded this timeframe and allowed for a 1-week
titration and 2 weeks of target dosing. Our rationale for the Week 6 cue reactivity session
was driven by results of Litten et al (2013), which found maximal treatment effects of
varenicline on naturalistic outcomes starting at Week 6. Thus, we aimed to test whether the
hypothesized cue reactivity treatment effect might be further enhanced with longer time on
varenicline.

We used an established cue reactivity paradigm that pairs mood-induction procedures with
in vivo alcohol cue exposure (Mason et al., 2008, Koob and Mason, 2016, Rubonis et al.,
1994). This paradigm has been used to test medication effects with promising results (i.e.,
Mason et al., 2009). We hypothesized that varenicline would reduce alcohol cue-induced
craving during both laboratory sessions. Our second objective was to directly test whether
cue-elicited craving captured in the laboratory predicted subsequent naturalistic craving and
drinking outcomes in the clinical trial. Specifically, we hypothesized that cue reactivity
effects observed during first laboratory session (i.e., study week 3) would predict craving
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and alcohol use during the remainder of the trial. Finally, we evaluated the effects of
varenicline compared with placebo on reduction of alcohol consumption, craving, cigarette
smoking (among smokers) and nicotine use (among nicotine users), mood, sleep, study
retention, and safety and tolerability throughout the last four weeks of the maintenance
phase of the study.

Methods and Materials

Participants

Forty-seven volunteers (18 females, 29 males) who were seeking treatment for AUD were
recruited from the community for a clinical trial studying the effects of a medication on
alcohol use (NCT03035708). Key inclusion criteria were = 21 years old; moderate to severe
AUD according to DSM-5; consumed 28 or > 35 drinks per week during the 28 days prior to
consent for women and men, respectively; and had at least 1 HDD (= 4 for women, = 5 for
men) during the 7 days before randomization. Participants were required to demonstrate
alcohol cue reactivity, defined as = 3 points higher alcohol craving to alcohol cues compared
to water cues on a 20-point visual analogue scale (VAS), during a brief cue reactivity
assessment prior to randomization. This pre-randomization paradigm did not include the
mood induction.

Key exclusion criteria included current substance use disorders, other than alcohol or
nicotine; major psychiatric disorders; positive urine drug screen (except
tetrahydrocannabinol); history of suicide attempts or actively suicidal; prior varenicline
treatment; and contraindicated medical conditions or medications. Contraindicated medical
conditions included serious or unstable medical illness or any potentially life-threatening or
progressive medical condition other than addiction that might compromise safety. In
addition, individuals with a history of gastric bypass surgery, atherosclerotic cardiovascular
disease, or clinically significant electrocardiogram (ECG) results indicative of
cardiovascular disease were excluded; stable hypertension was not exclusionary.
Exclusionary medications included any pharmacotherapy for AUD (past 6 months),
buprenorphine or methadone (past 30 days), and anticonvulsants, hypnotics, barbiturates,
antipsychotics, psychomator stimulants (e.g., methylphenidate), or benzodiazepines within 5
half-lives prior to randomization.

Study Design and Procedures

This double-blind, randomized, parallel group, two-site study compared the effects of
varenicline and placebo on responses to /7 vivo alcohol cue and affective picture cue
exposure in the laboratory. Participants were randomized to varenicline or placebo for 6
weeks as outpatients. The protocol, consent, and all study-related materials were approved
by the Institutional Review Board at each site (Brown University and Yale School of
Medicine), the Food and Drug Administration (FDA), and the Data and Safety Monitoring
Board. The study was conducted under International Conference on Harmonization (ICH)
Good Clinical Practice (GCP) guidelines and all applicable regulatory requirements. The
period of recruitment and follow-up was from May 1, 2017 through July 7, 2019. All
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participants were informed in writing that they would be exposed to alcohol cues during
parts of the study.

Volunteers responded to advertisements and completed a telephone screening. Potentially
eligible volunteers underwent additional in-person screening after providing informed
consent. Eligible participants completed a baseline visit and were randomized to 6 weeks of
either varenicline or matched placebo in a 1:1 ratio using a permuted block randomized
procedure stratified by clinical site and nicotine use (past-week). The allocation sequence
was computer generated by an independent statistician and the study medical provider
assigned eligible participants to the next sequence number by nicotine status. Patients and
staff other than the pharmacist staff were blind to treatment condition. During weeks 3 and
6, participants underwent identical alcohol cue reactivity assessments. A final follow-up
telephone interview occurred 2 weeks after the last study visit.

Investigational Product

Varenicline or matched placebo was dispensed in identical blister cards at weekly in-clinic
visits. Varenicline was titrated over the first week to the maintenance dose of 2 mg/day taken
orally BID (i.e., 1 mg each morning and evening) for an additional 5 weeks. Specifically, the
daily dose was titrated from 1 capsule (0.5 mg or placebo) on days 1 through 3, to 2 capsules
(1.0 mg or placebo) on days 4 through 7, to 4 capsules (2.0 mg or placebo) for the remaining
5 weeks.

Medication compliance was calculated as the total number of capsules taken divided by the
total number of capsules prescribed during the 6-week trial. If the blister card was not
returned, we relied on self-reports of medication use.

Behavioral Platform

At each weekly visit, participants viewed Take Control modules (Devine et al., 2016), a
computerized bibliotherapy platform derived from the National Institute on Alcohol Abuse
and Alcoholism’s self-help approach, Rethinking Drinking (NIAAA, 2016), and used in
prior pharmacotherapy trials (Litten et al., 2013, Falk et al., 2019).

Human Laboratory Paradigm

The cue exposure paradigm mirrored a published protocol (Mason et al., 2009) and occurred
in the late afternoon whenever possible. Table 1 provides an overview of the paradigm. All
participants tested negative for breath alcohol before the session and rated their alcohol
craving prior to cue-reactivity trials using the Alcohol Craving Questionnaire — Short Form
(ACQ-SF-R; Singleton et al., 1994). Cigarette smokers were given the opportunity but not
required to smoke their last cigarette approximately 1 hour prior to cue exposure.
Participants were escorted to a comfortable chair in a lighting-controlled, sound-attenuated
room for mood induction and alcohol exposure.

As in work by Mason and colleagues (2008, 2009), a 3 Affective Image (positive, neutral,
negative) x 2 Beverage (alcohol, water) within-subjects, block factorial design (6 repeated
measures) was employed for the cue reactivity manipulation. All six mood-beverage
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combinations were presented to each participant in counterbalanced order. Positive (e.g.
adventure sports, intimate kissing), neutral (e.g. household objects, mushrooms), and
negative pictures (e.g., traumatic physical injuries, dangerous weapons) were selected from
the International Affective Picture System. Although some images depicted sports events
(e.g., surfing, volleyball, fishing, etc.), neither alcohol nor drugs were included in any of the
images. In addition, the pairing of beverage cues with specific affective images was
counterbalanced. Two sets of 12 images were selected for each affective category to reduce
habituation across the 2 beverage conditions. Prior work verified the picture sets are
associated with the expected affective category (Mason et al., 2009, Mason et al., 2008).

Photographs were displayed on a large screen positioned directly in front of the participant.
For each trial, participants were exposed to 12 pictures within the relevant affective
condition, with each picture presented for 10 seconds and a 4-second interval between them.
Participants were instructed to view each picture for the entire presentation time and
remember the mood evoked by the photographs. Immediately following the picture
sequence, participants were presented with either their preferred alcoholic beverage or
bottled water accompanied by its commercially labeled bottle for visual reference. Alcohol
or water beverages were presented in each participant’s preferred mode of consumption
(e.g., small tumbler for vodka, Pilsner glass for beer), including choices of mixers.

To standardize beverage cue exposure, audio recordings instructed participants to sniff the
glass when high-pitched tones signaled and stop sniffing when low-pitched tones signaled.
Each beverage cue exposure period lasted 90 seconds during which 13 5-second olfactory
exposures occurred in variable intervals. Participants were instructed to “focus on the
sensation you have while smelling the alcohol or water beverage and continue to feel the
mood stirred up in your imagination by the pictures you have just viewed.” Following the
beverage exposure period, the beverage was removed, and participants completed craving
ratings. The procedure was repeated for the remaining mood-beverage combinations. Upon
completion of all 6 trials, participants were debriefed and completed the ACQ-SF-R to
verify a return to baseline levels. Before leaving the session, participants with any residual
urge received counseling focused on coping skills from a licensed clinical psychologist or
psychiatrist. Participants remained in the laboratory until their craving returned to baseline
levels.

Manipulation Check

To provide a manipulation check on the /n vivo beverage exposure, after each in vivo
beverage exposure participants completed a 20-point VAS rating for the question ‘How
much did you like the beverage just given to you?’ Response options ranged from ‘strongly
disliked’ (0) to ‘strongly liked’ (20). In addition, to evaluate whether the positive and
negative imagery evoked the expected emotional response, participants viewed each image
again at the end of the week 6 cue-reactivity session and completed the Self-Assessment
Manikin (SAM) — a cartoon figure used to assess the valence of each image on a 9-point
scale (Bradley and Lang, 1994). Ratings could range from ‘unhappy’ (1) to ‘happy’ (9).
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Primary Endpoint

Alcohol craving in response to each affect-beverage condition was assessed using four VAS
items, with endpoints marked with a 0 indicating no craving and a 20 indicating severe
craving. These items were adapted from the ACQ-SF-R (Singleton et al., 1994). Items
represent expectancy for positive reinforcement (“Having a drink would make things just
perfect”), strength of craving (“How strong is your craving to drink alcohol?”), intent (“If I
could drink alcohol now, | would drink it”), and lack of control (“It would be hard to turn
down a drink right now™). These items were averaged to create a single composite variable
of craving (a = .91).

Exploratory Endpoints

Alcohol consumption during the 28-day baseline period prior to randomization and
throughout the 4-week medication maintenance phase was captured using the Timeline
Follow-Back interview (Sobell & Sobell, 1992; Miller, 1996). Drinks were converted into
standard drink units (1 standard drink = 0.6 oz of pure alcohol) for all analyses. A priori,
exploratory alcohol consumption endpoints included: percent HDD (= 4 for women, = 5 for
men), drinks per day, drinks per drinking day, percent days abstinent, percent very HDD (= 8
for women, = 10 for men), percent subjects abstinent, percent subjects with no HDD and
percent subjects with a reduction of at least 1 or 2 levels in the World Health Organization
(WHO) drinking risk categories (Hasin et al., 2017).

Alcohol craving outside of the laboratory was assessed at baseline, Weeks 4-6, and at the
end of study visit with the Penn Alcohol Craving Scale (Flannery et al., 1999). The Pittsburg
Sleep Quality Index (PSQI) was administered at baseline and the end of study visit to assess
sleep quality throughout the trial (Buysse et al., 1989), the Profile of Mood State (POMS)
captured dimensions of affect or mood at baseline, Week 4, and at the end of study visit
(McNair and Heuchert, 2005), and the Self-Reported Habit Index (SRHI) was administered
at baseline and the end of study visit to assess the extent to which drinking was habitual
(Morean et al., 2018). Finally, given varenicline’s well-documented effects on cigarette use,
a smoking quantity-frequency interview was administered each week to capture the number
of cigarettes smoked per week among smokers.

Safety Assessments

Safety was assessed each week using a combination of biological tests and subjective
reports. Biological tests included vital signs, blood chemistry tests, urine tests for illicit drug
use, ECG results, and blood alcohol concentrations, as measured by breathalyzer. Subjective
assessments included self-reported adverse events assessed in the clinic and during
telephone interviews using the open-ended question: “How have you been feeling since your
last visit?” In addition, participants reported concomitant medication use, symptoms of
alcohol withdrawal, measured by the Clinical Institute Withdrawal Assessment for Alcohol-
revised (Sullivan et al., 1989), and suicidal ideation, measured by the Columbia Suicide
Severity Rating Scale (Posner et al., 2011). Neuropsychiatric symptoms related to
suicidality, mood, and behavior/thinking were assessed every week. The mood and behavior/
thinking questions were adapted from the Brief Psychiatric Rating Scale (Overall &
Gorham, 1962). Adverse events were coded using the Medical Dictionary of Regulatory
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Activities (MedDRA) preferred terms and grouped by system, organ, and class (SOC)
designation. Each adverse event (based on preferred terminology) was counted once only for
a given participant. If the same event occurred on multiple occasions, the highest severity
was assumed.

Statistical Analyses

Analyses were conducted in SAS 9.4 (SAS Institute, Inc., Cary, North Carolina). Primary
analyses focused on repeated assessments of alcohol cue-induced craving from each
participant during the two human laboratory sessions conducted 3 and 6 weeks post-
randomization. Mixed-effects models examined varenicline-placebo differences in craving in
response to beverage exposure. Separate models were performed for each laboratory session.
Treatment (varenicline = 1, placebo = 0) was treated as a fixed, between-subjects variable;
beverage presentation (i.e., Cue type: alcohol = 1, water = 0) and affective stimuli were
treated as fixed, within-subjects repeated measures; and subjects was treated as a random
effect. Affect condition was coded as three exclusive binary variables (positive, neutral, or
negative), with the neutral condition serving as the reference category. Site (Yale = 0; Brown
= 1) and nicotine use status prior to randomization (nonuser = 0; user = 1) were stratification
variables and were included as covariates. Other putative covariates, counterbalance order
for beverage and affective picture presentation and gender, were explored based on their
theoretical associations with craving, but were not substantively correlated with craving and
were not included. Interactive effects of Affect condition with Cue type and Treatment were
tested, did not alter the pattern of focal findings, were not consistently significant, and were
removed for model parsimony. Final models included baseline alcohol cue reactivity
(centered at the grand mean), Site, Nicotine use status at baseline, Affect condition,
Treatment, Cue type, and Treatment x Cue type. The interactive effects of Treatment and
Cue type constituted the focal test of varenicline’s effect on subjective alcohol cue reactivity
in the human laboratory. Given the sample size, models were fit with restricted maximum
likelihood estimation to avoid bias in variance components. An unstructured variance/
covariance matrix did not impose any assumptions on the relations of variance components,
and the between/within method of calculating degrees of freedom was used.

Although our main focus centered on human laboratory data, we examined the effects of
varenicline on a number of exploratory secondary outcomes during the last three weeks of
medication administration. Continuous secondary endpoints (percent HDDs, percent days
abstinent, drinks per day, drinks per drinking day, number of cigarettes smoked per week,
PACS, and POMS) were analyzed using a repeated measures mixed-model. A compound
symmetry covariance structure was selected for all outcomes (except cigarettes smoked per
week which used an autoregressive structure) because it had the smallest Bayesian
Information Criteria from among three possible covariance structures tested: unstructured,
compound symmetry, and autoregressive. Skewed outcomes were transformed as follows:
untransformed (percent days abstinent, PACS, SHRI), square root (percent HDDs, drinks per
drinking day, POMS, cigarettes per week, PSQI), and log (drinks per day). General Linear
Models (ANCOVAS) were used to analyze the PSQI and SRHI at the end of treatment. All
models controlled for site, time, nicotine use in the week before randomization, and their
corresponding baseline measure. Models also included time by treatment group interaction
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term. Analysis of the dichotomous secondary endpoints (percentage subjects with no HDDs,
percentage of subjects with very HDDs, percentage subjects abstinent from alcohol,
percentage of subjects achieving at least a one and two-level shift in WHO alcohol
consumption, and no nicotine use, and no cigarette smoking during the last 3-weeks of the
maintenance period among those who used nicotine in the week prior to randomization)
were conducted via logistic regression using the same covariates as models of continuous
outcomes (without time and the time by treatment group interaction). For binary measures,
we conducted sensitivity analysis by coding missing drinking data as failed to achieve the
outcome.

For all statistical tests, p < 0.05 (2-tailed) was considered statistically significant. No
adjustment was made for multiple comparisons across laboratory sessions. An estimated
sample size of 40 participants (20 per arm) was expected to yield 83% power to detect a
medication effect (¢d= 0.95) comparable to those observed in prior work (McKee et al.,
2009). This effect size is consistent with those derived from other human laboratory studies
that used a similar experimental paradigm as the present study but evaluated different
medications: mefipristone (d'= 1.25) (Vendruscolo et al., 2015) and gabapentin (&= 1.00)
(Mason et al., 2009).

Sample Characteristics

Of the 132 individuals assessed for eligibility, 47 were randomized to either varenicline (7=
23) or placebo (7= 24; see Figure 1). As in a prior varenicline trial (Litten et al., 2013),
more participants withdrew in the placebo group (7= 7) than medication group (1= 4).

As shown in Table 2, participants were primarily White (76.6%), employed full time
(63.8%), unmarried (74.5%), and male (61.7%), with an average age of 43.7, SD =11.5. The
majority had “severe” AUD (76.6%), consumed on average 8.9 drinks per drinking day in
the 28 days prior to intake (SD = 4.7), and met heavy drinking criteria on 69.1% of those
days (SD = 25.3). Participants also drank frequently, reporting abstinence from alcohol on
only 13.4% of the past 28 days (SD = 16.3). Nearly half (42.6%) smoked cigarettes in the
past week, smoking an average of 73.7 cigarettes (SD = 50.8) over the week. The treatment
groups were generally comparable across baseline characteristics.

All participants were seeking treatment for AUD. A range of treatment goals were endorsed
by the sample, including abstinence (28%) and controlled or occasional use (i.e., cut down
but not stop completely; 72%). Participants also rated their motivation to achieve their
treatment goal (“how motivated are you to reach this goal’) as well as their confidence (‘how
confident are you that you will be able to reach this goal’). Both items were rated on 10-
point scales that ranged from ‘not motivated/confident’ (1) to ‘extremely motivated/
confident’ (10). Treatment groups were comparable in their treatment goals, and across both
conditions participants had strong motivation and confidence to achieve their goals (see
Table 2).
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Medication Compliance and Tolerability

Participants were compliant with the medication regimen. The percentage of prescribed pills
taken was similar for the varenicline (M = 91.8%, SD = 17.2) and placebo (M = 87.1%, SD
=18.7) conditions (p = .374).

There was one serious adverse event (SAE) of a seizure and overnight hospitalization
leading to withdrawal in the varenicline group and was considered “possibly related” to
varenicline. Table 3 summarizes other adverse effects reported by 10% or more participants
in either arm of the study. Consistent with its product label, compared to placebo,
varenicline was associated with higher rates of nausea (43.5% vs 16.7%) and abnormal
dreams (30.4% vs 20.8%), though these differences were not statistically significant.

Effects of Varenicline on Alcohol Cue Reactivity

Validity of beverage and affective cues were investigated in several ways. First, we examined
their effects on ratings of beverage liking and valence of the affective images. We found
significant effects of beverage cue on beverage liking for both lab sessions, with alcohol
preferred to water (Study Week 3: b=4.18, SE = 0.53, p<.001; Study Week 6: b= 3.19, SE
=0.51, p<.001). Least squares means and tests of differences of least squares means for a
mixed model predicting emotional valence (unhappy to happy) from affect condition,
accounting for Site and Nicotine use status at baseline, showed expected directionality, i.e.,
positive > neutral > negative. There were significant differences in least squares means for
positive and negative image exposure relative to neutral images on emotional valence (Study
Week 3: b positive = 0.44, SE = 0.19, p = .025; b negative = -1.58, SE = 0.19, p <.001;
Study Week 6: b positive = 0.49, SE = 0.19, p = .012; b negative = -1.22, SE = 0.19, p
<.001). The least squares means for positive, neutral, and negative affect conditions in Week
3 were 6.17, 5.73, and 4.15, respectively, and in Week 6 were 6.41, 5.92, 4.70, respectively.

Primary outcomes were the differences in alcohol craving following presentation of alcohol
vs. water cues between the varenicline and placebo groups at Study Weeks 3 and 6 (Table 4).
Alcohol cues were associated with greater craving relative to water cues, s <.001,
indicating that alcohol cues elicited the desired cue reactivity effect expected from this
paradigm. An unexpected main effect of varenicline on craving emerged, such that
varenicline increased ratings of craving over placebo, irrespective of cue type, for Study
Weeks 3 and 6 (Week 3: b=3.22, SE = 1.30, p=.018; Week 6: b= 3.41, SE = 1.56, p
=.036). Contrary to hypotheses, the focal interactive effect of varenicline (v. placebo) and
alcohol cues (v. water), was not significant at either Week (Week 3: 6=-0.12, SE = 0.50, p
=.816; Week 6: b=-0.26, SE = 0.47, p=.575). As illustrated in Figure 2, the adjusted
mean difference in craving after being presented with alcohol v. water beverages were nearly
identical for varenicline and placebo (2.1 vs 2.2, respectively [Week 3, Panel A]; 1.3 vs 1.6,
respectively [Week 6, Panel B]). Results were similar when each the 4 individual VAS
craving outcome items was evaluated separately (vs. the average of the 4 items) (data not
shown).

Given prior reports regarding varenicline’s effects on alcohol cue reactivity and drinking
among smokers and men, we explored whether nicotine use status and sex moderated
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varenicline effects. Baseline smoking status did not moderate the interaction of medication
and cue type on craving, evidenced by nonsignificant three-way interactions, i.e., Smoking
Status x Cue x Treatment (6 =0.30, SE = 1.01, p=.767 in Week 3; and 6= -1.29, SE= .93,
p=.174 in Week 6; Supplementary Figure 1 of the online supplemental materials). Sex did
not moderate the interaction of medication and cue type on craving, evidenced by
nonsignificant three-way interactions, i.e., Sex x Cue x Treatment (6= -0.78, SE = 1.02, p
=.448 in Week 3; and b= -0.83, SE=.94, p=.381 in Week 6; Supplementary Figure 2 of
the online supplemental materials).

Exploratory Effects of Varenicline on Naturalistic Drinking and Non-Drinking Outcomes

Table 5 presents the results for other exploratory outcomes. The percentage of participants
with very heavy drinking was the only drinking related outcome to differ significantly
between varenicline and placebo, with the percentage being higher for those on varenicline.
Paralleling this finding, drinks per drinking day was higher, although not significantly for the
active treatment condition. There were no differences on drinks per day of percent of days
abstinent. On the FDA accepted measures of response, the percentage of participants with no
HDDs (varenicline = 27.3%, placebo = 30.4%) and the percentage of participants who were
abstinent (varenicline = 9.1%; placebo = 17.4%) were also statistically similar between
groups (results were similar when missing data were imputed as failure, data not shown).
There were no significant differences between groups on the Penn Alcohol Craving scale,
SRHI, the PSQI, POMS, or cigarettes smoked per week. No participants in either condition
were abstinent from nicotine or cigarettes during the treatment period.

There were no significant time by treatment group interaction effects for any outcome,
except for one. Although the main effect was not statistically significant, for the subset of
participants who smoked cigarettes at baseline (n = 20), there was a significant treatment by
time interaction for cigarettes smoked per week (F (3,43.9 = 3.37, p = .027) such that,
compared to placebo, varenicline reduced the mean number of cigarettes smoked per week
during weeks 5 and 6 (p = .057 and p = .059, respectively; Supplementary Figure 3 of online
supplemental material).

Exploratory Effects on Drinking and Naturalistic Craving

Next, general linear models were used to model drinking, craving in daily life, and smoking
outcomes during Study Weeks 4 through 6 from subjective alcohol craving after exposure to
in vivo alcohol cues in the human laboratory at Study Week 3. Baseline equivalents of
outcomes were included as covariates, as well as study site, nicotine use status, gender, and
treatment. Higher levels of cue-elicited alcohol craving predicted more drinks per day, &
=.02, SE = .01, p=.022, partial n2 = .15, and percent HDDs, b= 0.23, SE = .09, p=.018,
partial n2 = .16 (Supplementary Figure 4 of the online supplemental materials). Laboratory
craving did not significantly predict drinks per drinking day, p = .084, partial n2 = .09,
percent days abstinent, p = .101, partial 2 = .08, weekly craving, p = .129, partial n2 = .07,
or the average number of cigarettes smoked per day, p = .587, partial n2 = .02. Greater
differences in craving for alcohol in response to alcohol cues relative to water were not
significantly predictive of drinks per day, p=.394, partial n2 = .02, drinks per drinking day,
p= 472, partial n2 = .02, percent days abstinent, p = .516, partial 12 = .01, percent HDDs, p
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=835, partial n2 = .001, weekly craving, p = .534, partial 12 = .01, or average number of
cigarettes smoked per day, p=.117, partial n2 = .17.

Sensitivity Analysis
Cue reactivity studies have shown the potential for carryover effects when alcohol cue
exposure is followed by exposure to water cues. In the present study, however, water- and
alcohol-cue presentation was counterbalanced. Presenting the alcohol cue first may have
elicited alcohol craving that persisted through the presentation of the water cue. To address
this possibility, sensitivity analyses were conducted on the subset of data where participants
were exposed to water cues before alcohol cues. Results of these sensitivity analyses for
Weeks 3 and 6 showed that participants reported significantly greater alcohol craving
following alcohol cues compared to water cues (Week 3: 6= 4.24, SE = 1.09, p=.001;
Week 6: 6= 2.89, SE = 1.17, p=.025), and varenicline did not significantly alter this effect
(Week 3: 6=10.19, SE = 1.39, p=.893; Week 6: b= 0.40, SE = 1.45, p=.784).

Discussion

This multisite study tested whether varenicline blunts the strength of alcohol craving during
an alcohol cue reactivity paradigm administered in the laboratory among treatment-seeking
heavy drinking adults with moderate to severe AUD. A previous single-session human
laboratory study tested the effects of varenicline on alcohol-cue-induced craving after a brief
10-day medication trial (Roberts et al., 2017), but no one had evaluated its effects during
repeated laboratory sessions embedded within the context of a longer RCT. Moreover, no
one had examined the effects of varenicline during an alcohol cue exposure paradigm paired
with a mood induction despite growing interest in its influence on affect and motivational
processes, especially in the context of alcohol and nicotine use (Childs et al., 2012, Fedota et
al., 2015). We advanced prior work by testing the effects of varenicline on emotion-
enhanced alcohol cue reactivity at two points, separated by 3 weeks, in a 6-week clinical
trial. In addition, we investigated naturalistic drinking, craving, smoking and other outcomes
during a 4-week follow-up period and examined whether alcohol cue reactivity effects
observed in the human laboratory predicted these subsequent outcomes. Incorporating a
laboratory paradigm within a clinical trial allowed us to test not only whether varenicline
altered cue-induced craving but also the degree to which laboratory-based findings predict
real-world outcomes.

Contrary to our hypothesis, varenicline did not attenuate alcohol cue-induced craving
relative to placebo. In fact, individuals randomized to varenicline reported higher craving for
alcohol in general, for both alcohol and water cues, than those on placebo. This effect was
surprising given prior research found varenicline blunted craving in response to alcohol cues
in the laboratory (Roberts et al., 2017) and it reduced weekly alcohol craving in all RCTs in
which it was assessed (Litten et al., 2013, Fucito et al., 2011, de Bejczy et al., 2015).

There are several potential explanations for our lack of effects. A major difference between
the present investigation and that by Roberts et al. (2017) is that we required that individuals
remain abstinent prior to the cue exposure sessions, whereas this was not required by
Roberts et al. (2017). Another key difference was that Roberts et al. (2017) did not use a
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mood induction procedure and reduced the likelihood of possible carryover effects of
alcohol cue exposure by presenting water cues first for all participants. Integrating a mood
induction with this paradigm may have added complexities that obscured our ability to
detect medication effects. There is mounting evidence that varenicline affects mood and
motivational processes associated with alcohol and drug use. Due to our small sample size,
however, we lacked statistical power to test this possibility. It should be noted that using this
same paradigm in which abstinence was required prior to cue exposure, Mason and
colleagues (2008) found that gabapentin significantly attenuated craving in response to
alcohol cues and blunted subjective arousal to both alcohol cues and positive and negative
affective stimuli.

It is also possible that differences in participant selection influenced findings. Our sample
was composed of individuals seeking treatment for AUD whereas Roberts et al. (2017)
studied non-treatment seeking heavy drinkers. In addition, we selected people who
demonstrated alcohol cue reactivity effects during the screening session (i.e., a 3-point
minimum increase in alcohol craving to alcohol cues compared to water cues). Roberts et al
(2017) did not use this selection criterion. Recent research also suggests that men experience
greater benefit from varenicline for the treatment of AUD than women (O’Malley et al.,
2018). Our small sample size, however, precluded our ability to test whether sex moderated
outcomes. Finally, it is possible that varenicline blunts cue-induced craving early in
treatment but this effect abates over time. Roberts et al. (2017) tested varenicline’s effects on
alcohol cue-elicited craving after a 1-week medication period, whereas we tested its effects
after two and five weeks of a stabilized dose following 3 days of required abstinence. This
potential explanation is questionable, however, given RCTs found varenicline treatment
reduced weekly reports of craving over the target dose period.

Laboratory results paralleled the weekly self-reported alcohol craving and drinking
outcomes in the naturalistic clinical trial. Compared to placebo, varenicline had no beneficial
effect on weekly alcohol craving or alcohol consumption outcomes. These results are
consistent with some prior studies and inconsistent with others, which adds to the growing
body of mixed findings regarding the efficacy of varenicline for the treatment of AUD. In
addition, a higher percentage of participants in the varenicline condition reported very HDD
during the trial compared to placebo. Our study adds to a growing number of mixed findings
from RCTs that tested the efficacy of varenicline for treating alcohol use among problem
drinkers. A preliminary RCT with 30 heavy drinking smokers found that varenicline (2 mg/
day) reduced alcohol craving and heavy drinking days (HDDs) compared to placebo (Fucito
et al., 2011). Similar findings were observed in a larger 13-week multisite RCT of 200
smokers and nonsmokers with alcohol dependence (Litten et al., 2013). Compared to
placebo, varenicline lowered weekly percent HDDs, drinks per day, drinks per drinking day,
and alcohol craving. In contrast, a 12-week RCT of 160 alcohol dependent patients found no
benefit of varenicline on self-reported drinking outcomes as compared to placebo; however,
compared to placebo, varenicline significantly reduced craving and lowered levels of the
alcohol marker phosphatidylethanol (de Bejczy et al., 2015). Recently, a 16-week RCT of
131 alcohol dependent smokers found no overall varenicline-placebo difference in heavy
drinking outcomes; however, relative to placebo, varenicline reduced HDDs and increased
the percentage of participants with no HDDs in men but not women (O’Malley et al., 2018).
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Findings provide useful information about the utility of the alcohol cue reactivity paradigm
for screening novel medications. Although medication effects were not detected using the
paradigm, craving in response to alcohol cues captured during cue reactivity predicted
subsequent alcohol use in real-world settings during the clinical trial. Higher alcohol craving
in the laboratory prospectively predicted more drinks per day and heavier alcohol use the
remaining weeks of the clinical trial. Interestingly, the difference in alcohol craving in
response to alcohol and water cues did not significantly predict naturalistic outcomes, which
calls for additional research with larger samples to further test these associations.

Although medications (e.g., gabapentin, naltrexone) that decrease cue-elicited craving in the
laboratory studies typically also reduce craving and drinking in separately conducted clinical
trials (Mason et al., 2014, Vendruscolo et al., 2015, Tidey et al., 2008, Miranda et al., 2014),
this is the first study to examine whether alcohol craving captured during the cue reactivity
paradigm in the laboratory predicts drinking outcomes in the same pharmacotherapy trial.
One early trial examined the effects of cue-exposure treatment combined with coping skills
training on alcohol cue-elicited craving and drinking outcomes (Monti et al., 1993). Only
pre-treatment cue reactivity predicted drinking outcomes; cue reactivity assessed during
treatment was not associated with outcomes. A study of adolescent problem drinkers paired
the alcohol cue reactivity paradigm with data collected in the natural environment using
ecological momentary assessment methods (Ramirez and Miranda, 2014). Alcohol cues
elicited craving in the laboratory (compared to water cues), and this effect generalized to the
natural environment such that adolescents experienced greater alcohol craving in
nondrinking moments when alcohol cues were present in real-world settings. These effects
were stronger for adolescents with more alcohol problems, and higher craving predicted
subsequent greater drinking levels. Other naturalistic studies have found that subjective (i.e.,
craving) and physiological reactivity to alcohol cues predicted time to relapse following
inpatient alcohol detoxification (Sinha et al., 2011, Cooney et al., 1997). On the whole, there
is mounting support for alcohol craving captured during cue reactivity as a clinically
relevant endophenotype predictive of alcohol use outcomes, and thus may be a useful tool
for understanding how interventions work and identifying promising new treatment options.

Strengths of this study include the rigorous evaluation of possible outcomes under two
identical laboratory cue-exposure sessions and in real-world settings in the context of a
larger clinical trial, the low rate of missing data, increased generalizability of findings by the
inclusion of treatment-seeking individuals with AUD, use of a standardized behavioral
platform, and high treatment retention. On balance, limitations included the lack of
statistical power to detect possible moderator effects, such as sex differences. In addition,
individuals with significant alcohol withdrawal and psychiatric comorbidities were excluded
from the study, which may limit how well our findings generalize to the types of patients
with AUD who are treated in typical clinical practice. In addition, the counterbalanced
presentation of water and alcohol cues may have impacted our ability to detect medication
effects given the known potential for carryover effects when alcohol cue exposure is
followed by exposure to water cues. However, sensitivity analyses on the subset of data
where participants were exposed to water cues before alcohol cues found the same results,
which mitigates this concern. Finally, we cannot rule out the possibility that participants
experienced fatigue or overload given the number of /77 vivo and image cue exposures
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presented, which might have dampened our ability to detect medication effects. This concern
is mitigated, however, by the strong cue reactivity effects we and others observed with this
paradigm (Mason et al., 2008), and other studies using the same paradigm did detect
medication effects (Mason et al., 2009).

In summary, although a previous laboratory study found varenicline blunted alcohol cue-
induced craving among adult heavy drinkers with DSM-IV alcohol abuse or dependence,
this multisite investigation did not find this effect. It is possible that methodological
differences between the present study and prior work or heterogeneity in the medication
response accounted for our null findings. Additional studies are needed to test for possible
heterogeneity in varenicline effects, namely potential sex differences, and to disentangle how
mood impacts alcohol cue reactivity effects and how this might impact sensitivity to
medication effects. Although our null efficacy results for drinking outcomes call to question
the utility of varenicline for the treatment of AUD, it should be noted that large-scale RCTs
found it reduced alcohol use and craving in daily life. Finally, our results are among the first
to show alcohol cue-induced craving captured during a laboratory paradigm predicts
drinking outcomes in the context of a clinical trial.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Participant flow through the randomized double-blind study.
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Least squared mean differences in reactivity to alcohol and water cues for vareniclineand
placebo treatment groups at Study Weeks 3 (Panel A) and 6 (Panel B). *** p < .001.
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Table 3.

Summary of adverse events reported by at least 10% of participants in either arm of the study

MedDRA SOC/Preferred term  Placebo (n=24) Varenicline(n=23) p

Nausea 4 (16.7%) 10 (43.5%) 0.060
Abnormal dreams 5 (20.8%) 7 (30.4%) 0.517
Nasopharyngitis 6 (25.0%) 1 (4.3%) 0.097
Bright urine 1(4.2%) 3 (13.0%) 0.348

Note. Multiple occurrences of a specific adverse event for a participant were counted once in the frequency for the adverse event.
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Table 4.

Effects of Varenicline on Subjective Alcohol Cue Reactivity

95% ClI

Model and predictor variables b SE LL uL p

Study Week 3 (7= 44)
Intercept 407 130 144 6.70 .003
Alcohol cue reactivity (baseline) 051 0.13 024 0.77 <.001
Study site 223 135 -051 4096 .108
Nicotine use (baseline) -156 129 -415 104 .234
Varenicline (v. placebo) 322 1.30 059 5.85 .018
Alcohol cue (v. water) 217 0.35 146 289 <.001
Negative affect (v. neutral) 027 031 -0.34 088 .386
Positive affect (v. neutral) 048 031 -013 1.09 123
Varenicline x Alcohol cue -012 050 -113 0.89 .816

Study Week 6 (7= 37)
Intercept 170 148 -131 472 .259
Alcohol cue reactivity (baseline) 031 016 -0.02 064 .068
Study site 3.48 1.68 0.05 6.90 .047
Nicotine use (baseline) -062 155 -378 254 .692
Varenicline (v. placebo) 341 156 0.23 6.58 .036
Alcohol cue (v. water) 158 0.33 091 226 <.001
Negative affect (v. neutral) 0.04 0.28 -053 061 .897
Positive affect (v. neutral) -004 028 -061 053 .887
Varenicline x Alcohol cue -026 047 -121 068 575

Note. b= unstandardized effect; Cl = confidence interval; LL = lower limit; UL = upper limit. Interactive effects reflect the influence of varenicline
treatment on subjective alcohol cue reactivity.
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