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Abstract

Rationale—Varenicline is an a4p2 nicotinic acetylcholine receptor partial agonist that has been
found to be effective for treating tobacco dependence. However, the subjective and behavioral
mediators of its efficacy are not known.

Objectives—Using multiple sessions of laboratory-based assessment, this double-blind, placebo-
controlled experiment was designed to test if varenicline reduced both tonic and cue-provoked
tobacco cravings, and if it attenuated perceived reward from smoking.

Methods—~Participants in the present analysis include 100 smokers who were scheduled for three
assessment sessions: at baseline, before receiving medication; at mid-run-in, 5- 7 days after
beginning medication; and after full dosage was reached, 12-15 days. Following overnight
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abstinence, each session included assessment of tonic craving, reactivity (including craving) to
smoking cues, expected value of a cigarette, smoking behavior, and self-reported reward following
smoking.

Results—Varenicline, compared to placebo, reduced tonic craving, cue-provoked craving by the
final assessment, the expected value of cigarettes, number of puffs and time spent smoking, and
self-reported reward (i.e., satisfaction) from smoking.

Conclusions—Results showing that varenicline reduced tonic craving levels and perceived
reward from smoking are consistent with reports from clinical trials, strengthening the evidence in
support of these subjective mechanisms of action. This is the first placebo-controlled study to
demonstrate that varenicline reduced cue-provoked cravings, thereby offering another potential
mediator of its therapeutic effects. Findings may aid in the development of more targeted
interventions for tobacco dependence.
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Varenicline is an a4p2 nicotinic acetylcholine receptor partial agonist that received FDA
approval for the treatment of nicotine dependence in 2006. In theory, the agonist effects of
varenicline should reduce nicotine withdrawal symptoms and cravings to smoke, while the
antagonist effects should block satisfaction and reinforcement from smoking. The standard
dosing schedule includes a 7-day run-up period prior to the target smoking quit date, and up
to 12 weeks of use, although extended use may improve maintenance of abstinence (Tonstad
et al. 2006).

The clinical efficacy of varenicline has been established via multiple randomized controlled
trials (RCTs; Gonzales et al. 2006; Jorenby et al. 2006; Nides et al. 2006; Oncken et al.
2006). Less clear are the bio-behavioral mechanisms under-lying its clinical efficacy. In
particular, there is little information about the subjectively experienced and behavioral
effects of varenicline during discrete conditions known to motivate tobacco smoking. The
current experiment examined two phenomena with particular relevance to smoking
cessation: (1) cravings to smoke—both tonic and cue-provoked—and (2) the potency of
reward from smoking.

Cravings to smoke

Associative processes appear to play a major role in maintaining nicotine dependence
(Baker et al. 2004) and precipitating post-cessation relapse (Brandon et al. 2007). Cue-
provoked cravings are thought to develop via classical conditioning (Pavlovian)
mechanisms. Smokers, as well as other substance abusers, reliably demonstrate reactivity to
cues that have previously been associated with their drug use—in this case, cigarette
smoking (Carter and Tiffany 1999). The most robust index of cue-reactivity is self-reported
ratings of cigarette cravings, but physiological reactivity is also observed (e.g., responses in
heart rate, skin conductance, and neural activation; Brody et al. 2002; Carter and Tiffany
1999). Moreover, the magnitude of cue-provoked craving has been found in at least one
study to predict short- and long-term smoking cessation outcomes (Waters et al. 2004). In
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general, findings support that cue-reactivity contributes to the maintenance of smoking and
the failure to achieve and maintain tobacco abstinence (Ferguson and Shiffman 2009;
Shiffman et al. 2004; Niaura et al. 1989), although see Perkins (2009) for an alternative
perspective. This conclusion is further supported by naturalistic research demonstrating that
the vast majority of smoking relapse episodes appear to occur in response to cues that had
been previously paired with smoking (Shiffman 1982; Shiffman et al. 1996). In theory, the
most effective pharmacotherapies would be those that function by reducing both tonic (or
abstinence-induced) craving as well as phasic, cue-provoked craving that is superimposed
upon tonic levels (Tiffany et al. 2000; Shiffman et al. 2003; Waters et al. 2004). Indeed, this
is the rationale for interventions that combine medications that primarily affect tonic craving
(e.g., nicotine transdermal patch) with those that may be used in response to cue-provoked
craving (e.g., nicotine gum). In a paper presented at the 2007 meeting of the Society for
Research on Nicotine and Tobacco, Niaura et al. reported that varenicline reduced tonic
craving levels, but not cue-provoked craving. However, that study tested participants after
only a single dose of varenicline. Because of the antagonistic properties of varenicline, any
smoking while on the medication (i.e., during the 1-week run-up period) could conceivably
constitute extinction trials of any conditioned cues present during smoking. Therefore, in the
current study, we assessed both tonic and cue-provoked cravings in participants who reached
therapeutic dosage of the drug by following the prescribed dosing schedule.

Reward potency

A unique characteristic of varenicline compared to other pharmacotherapies for treating
tobacco dependence is that its nicotine antagonist properties should reduce the reward
potency of nicotine. Thus, smoking while on varenicline should be less reinforcing, thereby
less likely to lead to additional smoking. This has at least two clinical implications: (1)
during the run-up period, cigarettes should become progressively less rewarding and
reinforcing to smokers (which, in turn, should also contribute to the extinction of cue-
provoked cravings), setting the stage for a more successful cessation attempt; and (2) any
post-cessation smoking (i.e., a “lapse™) should be less likely to produce additional smoking,
and the eventual return to regular smoking (a full relapse). The latter is particularly
important, given the high rate of smoking relapse, and the fact that approximately 90% of
initial lapses eventually lead to full relapse (Brandon et al. 1990). Any reduction in lapse—
relapse conversion has very high clinical significance. Retrospective self-report data from
the varenicline RCTs suggest that varenicline reduced self-reported smoking satisfaction
compared to placebo (Gonzales et al. 2006; Jorenby et al. 2006; West et al. 2008), and two
short-term experimental studies reported similar findings when self-reported smoking
reward was assessed immediately after smoking (Patterson et al. 2009; Perkins et al. 2010b).

Current study

The specific purpose of this study was to understand the subjective and behavioral
mechanisms that underlie the established clinical efficacy of varenicline for treating tobacco
dependence. Varenicline was the first non-nicotine smoking cessation medication developed
specifically for this purpose based on theoretical mechanisms of action. As a nicotinic
partial agonist, its use should lead to the extinction of conditioned responses to smoking
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cues and to attenuated reward from smoking itself. Our study was designed to test these two
predictions via multimodal assessment. Positive findings would support the theoretical
mechanisms of action of varenicline. Such results would also provide patients and providers
additional information about the subjective effects of varenicline that could be useful in their
decisions about whether to use the medication. Negative findings would support future
investigation into alternative mechanisms of action. Both findings could contribute to
continuing efforts to develop more highly targeted medications for treating tobacco
dependence.

We proposed the following primary hypotheses:

1. Tonic (i.e., non-cue-provoked) craving levels would be lower in participants
receiving varenicline versus placebo.

2. Cue-provoked cravings would be lower in participants receiving varenicline versus
placebo. (Heart rate and skin conductance were collected as secondary
physiological indices of cue reactivity, see Carter and Tiffany 1999.)

3. Two primary indices of nicotine reward (direct self-report ratings and a cigarette
choice index) would be lower in participants receiving varenicline versus placebo.
(Secondary, indirect indices of nicotine reward include smoking topography
variables.)

To achieve a final target sample size of 100 following attrition, we screened 573 smokers
from the community and randomized 163 non-treatment seeking daily smokers to the two
conditions. Inclusion criteria were (a) 18— 60 years of age, (b) smoked at least 15 cigarettes
daily, (c) expired-air carbon monoxide (CO)=8 ppm, and (d) medically eligible to receive
varenicline. Smokers who were using other smoking cessation medications, or who had
current mood or psychotic disorders (as determined by the Structured Clinical Interview for
DSM Disorders [SCID; First et al. 1996]) were excluded. The first assessment session was
attended by 114 participants: 58 in the placebo condition and 56 in the varenicline condition.
Session 2 was completed by 49 and 39 in the two conditions, respectively, and session 3 by
54 and 46 participants. The final sample comprised the 100 smokers who completed both
critical assessment sessions (sessions 1 and 3). Their key demographic and smoking-related
variables are provided in Table 1. This study was approved by the university's institutional
review board, and therefore complied with the standards of the 1964 Declaration of
Helsinki. All participants provided informed consent after receiving written and verbal
descriptions of the medications (with known risks), the dosing schedule, and the content of
the assessment sessions, including that they would be smoking during these assessments.

Baseline screening and dosing regimen

Following a telephone screening, potential participants were scheduled for a baseline
evaluation and screening. The baseline evaluation comprised the informed consent
procedure, screening for inclusion and exclusion criteria, and a medical evaluation,
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including a basic metabolic panel and pregnancy test for women of child-bearing age.
Participants also completed the Fagerstrom Test of Nicotine Dependence (FTND;
Heatherton et al. 1991), a validated six-item measure of nicotine dependence, and the
Contemplation Ladder, an 11-point single item scale of cessation motivation (Biener and
Abrams 1991). Smokers who passed the baseline screening were randomly assigned to
receive varenicline or placebo in a double-blind, dose-escalating design. To track the change
in dependent measures over time and/or dosage, participants were scheduled for three
laboratory assessments over the course of 15 days. Varenicline dosing used the following
schedule: 0.5 mg on days 1-3, 0.5 mg BID dosing on days 4-7, and 1 mg BID dosing on
days 8-15 to achieve the therapeutic dose of 2 mg/day. Placebo treatment followed the same
dispensing schedule. Both varenicline and placebo tablets were provided by Pfizer, Inc.
Random assignment was conducted by the Research Pharmacy of Moffitt Cancer Center, so
that both experimenters and participants were blind to experimental condition (i.e., double-
blind).

Medication was dispensed at the first laboratory assessment with instructions to start the first
dose the day after the first assessment. The second assessment occurred at midtitration, (i.e.,
days 5-7) of the medication regimen. The third and final assessment occurred once the
therapeutic dose was reached (i.e., days 12-15). All three laboratory assessments were
conducted following overnight (12 h) abstinence and consisted of completion of
questionnaires, a cue-reactivity test, and a smoking reward test described in detail below.
Participants were instructed to smoke at their normal rate between sessions.

Assessment sessions

Medication-related measures—A 12-item self-report measure assessed the severity of
common varenicline side effects (e.g., nausea, flatulence, and dry mouth), at the beginning
of each assessment. Participants used a four-point rating scale to indicate to what degree
they had experienced each of the potential symptoms. These ratings were averaged to create
side effect severity scores. To assess medication adherence, participants were asked to bring
in their remaining medication to assessments 2 and 3. An experimenter counted the
remaining tablets and calculated the percentage of tablets consumed. To assess the fidelity
of the blind, at both the second and third assessments, participants were asked to guess
which medication they had received (i.e., varenicline or placebo).

Initial smoking-related measures—Upon arrival to each assessment session,
participants' breath carbon monoxide (CO) levels were measured to verify overnight
abstinence (i.e., CO value<8 ppm or below 50% of initial baseline value). (Those who had
not abstained were rescheduled, if possible, within the 3—4-day assessment window.)
Participants then completed three smoking-related questionnaires. The Questionnaire of
Smoking Urges (QSU), our primary measure of tonic craving, is a 32-item instrument,
including two separate factor scales that roughly correspond to the desire to smoke for its
pleasurable effects (positive reinforcement) or to remove unpleasant feelings of negative
affect or withdrawal (negative reinforcement; Tiffany and Drobes 1991). The Wisconsin
Smoking Withdrawal Scale (WSWS) is a 28-item self-report scale that loads on seven
factors with good subscale reliability (Welsch et al. 1999). It includes a highly reliable
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(=0.89) four-item craving subscale. The QSU and the WSWS permitted examination of
whether medication assignment produced differences in tonic craving and other withdrawal
symptoms. The cigarette choice procedure (CCP; Griffiths et al. 1993; Kidorf et al. 1995) is
a measure of the subjective expected value of a cigarette. Participants were asked to choose
between hypothetically smoking a cigarette now or receiving a small amount of money
(from 10 cents up to $6 in increments of 10 cents). A crossover value, at and above which
participants prefer money, was obtained (Reid et al. 2007). This first administration of the
CCP was designed to assess the general effect of drug condition upon smokers' expected
value of a cigarette.

Cue reactivity—An established picture-viewing paradigm was used to assess cue
reactivity (Drobes 2002). Smoking-related and neutral control cues were randomly presented
to each participant, while subjective (craving) and psychophysiological (heart rate and skin
conductance) measures were obtained. The smoking cues included pictures that have elicited
substantial craving reports in previous studies, as well as physiological arousal in our prior
research (Carter et al. 2006; Gilbert and Rabinovich 2003). The neutral cues comprised
pictures selected from the International Affective Picture System (IAPS; Center for the
Study of Emotion and Attention 1995), and included objects, people, and situations that
have been rated as neither pleasant, unpleasant, nor arousing. A total of 24 pictures with 12
pictures from each category (smoking and neutral) were presented randomly during each
session. Different sets of pictures were used across the three assessment sessions to
minimize habituation. Pictures were displayed for 6 s each on a 20” computer monitor
located 2.5 ft. in front of participants, controlled by software that synchronized cue
presentations with physiological data collection.

Psychophysiological measures were collected throughout each picture-viewing interval, as
well as during a 2-s baseline prior to each picture onset. Heart rate (HR) was detected using
Ag-AgCl electrodes (with electrolyte gel) placed on each forearm, with signals passed
through a Coulbourn (V75-01) bioamplifier with bandpass settings of 8 and 40 Hz. Inter-
beat (R-R) intervals were detected to the nearest millisecond using a Schmitt trigger, with
values edited offline to correct for artifact, then converted to beats per minute for each half-
second period. For skin conductance (SC), two Ag-AgCl electrodes (with unibase
conductance medium) were placed on the hypothenar eminence on the non-dominant palm,
and an isolated skin conductance coupler (Coulbourn VV71-23) created a constant voltage
(0.5 V) circuit. The resulting signal was sampled at a rate of 20 Hz and calibrated to detect a
range of 0—40 uS. HR and SC were both expressed as the deviation of each 0.5-s value
during picture viewing from the 2-s baseline, with signals averaged over trials within each
picture category. The average HR waveform was scored for the initial deceleration (D1)
following picture onset, as well as subsequent acceleratory (A1) and deceleratory (D2)
components. For SC, we scored the average and maximum change during seconds 2 through
6 following picture onset.

Following the offset of each picture, subjective smoking craving ratings were collected via
computer. To minimize session length and participant burden, cue-induced craving was
assessed via a single item: How strong was your craving to smoke a cigarette? Responses
were obtained using a 0 to 20 scale, with anchor labels of “None” and Very Strong” placed
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at each end of the scale. Coefficient alpha reliabilities for this instrument within session and
cue type ranged from 0.95 to 0.98. A variable (12-20 s) inter-trial interval occurred prior to
the next picture presentation. The cue reactivity assessment took approximately 20 min to
complete.

Smoking reward and behavior—Following the cue reactivity assessment, we assessed
the effect of varenicline on reward from smoking, as determined by self-report measures
obtained immediately after smoking and behavioral observation of smoking topography. As
an analog of an initial lapse, participants were first given half of one of their own cigarettes
and instructed to smoke it ad libitum. They then rated their response to that cigarette using
the Modified Cigarette Evaluation Questionnaire (mMCEQ) and completed the CCP to assess
their expected value of an additional cigarette. The mCEQ (Cappelleri et al. 2007; Rose et
al. 1998, 2000, 2001; Westman et al. 1992) is a self-rated scale that assesses the participant's
response to a smoked cigarette. Twelve items are scored in five domains: satisfaction,
psychological reward, aversion, sensory feelings (one item, labeled respiratory sensations),
and reduction in craving. Similar to the procedure used by Perkins et al. (2006), participants
were then given another (full) cigarette and told that they may smoke as much or as little as
desired over the subsequent 20 min. Smoking topography was obtained by videotaping
participants during the smoking period and scoring smoking behaviors, including latency to
cigarette, number of puffs, and total time spent smoking. Immediately after smoking,
participants completed the mCEQ again.

Participation duration and payment

Each assessment session lasted approximately 1-1.5 h. Participants were paid $25 for
completing the baseline evaluation, $40 for completing the first assessment, $60 for
completing the second assessment, and $75 for completing the third assessment.
Participation in the study concluded, and medication was discontinued after the third
assessment, resulting in a total participation duration of approximately 15 days.

Results

Overview of primary analyses

To test our hypotheses, we assessed condition effects (varenicline vs. placebo) across the
assessment time points via mixed-model repeated measures analyses. Specifically, the
models included effects for condition (varenicline vs. placebo), assessment time
(assessments 1, 2, and 3), and the interaction of these two factors as fixed effects, with time
as a random effect. Primary dependent variables examined with these analyses included:
tonic craving (QSU and WSWS craving scale), smoking reward, and expected value (nCEQ
and CCP crossover value). These analyses were also conducted on the secondary dependent
variables of nicotine withdrawal (remaining WSWS scales) and smoking topography
variables (latency to first puff, total number of puffs, and total time spent smoking).
Smoking cue-provoked craving ratings, and the secondary dependent variables of heart rate
and skin conductance responses to cues were analyzed similar to the models above, with the
addition of neutral cue-provoked responses included as a third-level parameter, with
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repeated effects. This provided an estimate of the influence of smoking-related cues, while
controlling for response magnitude.

Preliminary analyses

Baseline characteristics—As seen in Table 1, significant baseline differences were
found on age and motivation to quit smoking (Contemplation Ladder). However, repeating
the primary analyses reported below with these two variables as covariates did not alter the
results.

Attrition and missed Sessions—After breaking the blind, it was revealed that greater
attrition from assessments 1 to 3 occurred for the varenicline (17.9%) condition compared to
the placebo condition (7.4%), although this difference did not reach statistical significance,
x2 (1, N= 114)=3.18, p=.08. Moreover, 30.4% of varenicline participants missed assessment
2, compared to 15.5% of placebo participants, which also approached significance, y2 (1,
N=114)=3.56, p=.06. Among those who completed the study (i.e., attended assessments 1
and 3), attendance at assessment 2 did not differ by condition (varenicline, 82.6%; placebo,
92.6%), ¥ (1, N=100)=2.35, p=.13. Although more participants in the varenicline condition
failed their CO screen to verify overnight smoking abstinence (25% vs. 13%), this difference
was not statistically significant, 2 (1, N=121)=2.78, p=.10. To examine other potential
determinants of attrition, we compared those who completed both assessments 1 and 3
against those who did not complete assessment 3, using variables collected during the
baseline screening and assessment 1. At assessment 1, those who did not complete the study
reported higher QSU (tonic craving) scores [(M=6.27, SD=0.88 vs. M=5.15, SD=1.21),
t(112)= 3.34, p<.01]. Also, for the second cigarette smoked ad lib (the full cigarette), study
noncompleters reported lower smoking satisfaction [(M=3.51, SD=1.34 vs. M=4.91,
SD=1.76), t(111)=-2.75, p<.01], psychological reward [(M=2.53, SD=1.56 vs. M=3.69,
SD=1.60), t(111)=-2.47, p<.05], and respiratory sensations [(M=2.62, SD=1.26 vs. M=3.99,
SD=2.08), t(111 or 21.68)=-3.38, p<.01], as measured by the mCEQ. We found no
significant differences between study completers and non-completers on other variables (all
ps>.08).

Medication adherence—Unfortunately, not all participants complied with instructions to
return their remaining medication. At assessments 2 and 3, compliance rates were 76.32%
and 89.13% for the varenicline condition and 79.59% and 83.33% within the placebo
condition. Among those who complied, adherence for taking the 0.5-mg dose was 98.89%
for those randomized to take varenicline and 99.73% for their placebo counterparts.
Adherence for taking the 1-mg dose was 96.98% and 98.33%, respectively. Because of the
high adherence rates and the equivalent compliance and adherence rates between conditions
(all ps>.40), we included all participants in subsequent analyses.

Side effects—At assessment 1 (prior to medication), there was no difference between
varenicline and placebo conditions on average side effects severity scores [(M=0.06,
SD=0.27 vs. M=0.02, SD=0.05), F(1, 97)=1.30, p=.26]. To examine the influence of
treatment condition on side effects severity scores, separate ANCOVAs were conducted for
assessment 2 and 3 (controlling for assessment 1 scores). Participants randomized to the
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varenicline condition reported higher levels of side effects at assessment 2 [(M=0.10,
SD=0.15 vs. M=0.04, SD=0.06), F(1, 83)= 7.28, p<.01] and assessment 3 [(M=0.09,
SD=0.11 vs. M=0.04, SD=0.10), F(1, 96)=6.16, p<.05], relative to their placebo
counterparts. Overall, participants in both conditions reported very few side effects that they
rated as either moderate or severe. The highest frequency of these occurred at assessment 2
for nausea (varenicline= 5.2%, placebo=0%) and dry mouth (varenicline=5.2%,
placebo=2.0%).

Cue-reactivity manipulation check—We examined potential differences, at assessment
1 (i.e., prior to medication dosing), in self-reported craving and psychophysiological indices
from the different cue stimuli (smoking vs. neutral). As expected, the smoking cues evoked
higher levels of self-reported craving, relative to neutral cues [(M=15.31, SD=4.90 vs.
M=6.38, SD=5.69), t(192)= 11.70, p<.001]. However, there were no differences between
cues for any of the psychophysiological variables (all ps>.13).

Hypothesis tests

Tables 2 and 3 list the marginal means of the dependent measures. The mixed-models
analyses resulted in several timexcondition interactions, indicating differential change over
time as a function of condition assignment (see Tables 4 and 5).

Tonic craving—As shown in Table 2 and Fig. 1a, participants receiving varenicline rated
their cravings lower than those receiving placebo at both post-dosing assessments
(assessments 2 and 3). This pattern was consistently observed across QSU total and the
positive and negative reinforcement factors, as well as the Craving scale of the WSWS. Note
that none of the other scales of the WSWS showed these effects.

Cue-provoked craving—A similar pattern emerged for cravings in response to smoking
cues and cue-provoked cravings (in which neutral cues were controlled), although
significant differences for the latter emerged only at assessment 3, in that those who
received varenicline showed less cue-provoked craving, compared to their placebo
counterparts (see Tables 2 and 4, and Fig. 1b). These analyses were conducted with a
reduced sample size due to equipment problems (assessment 1, 97%; assessment 2, 97%;
and assessment 3, 95%).

Physiological reactivity—We found no significant time x condition interactions for the
initial HR deceleration during cue presentation, but we did find interactions for the
subsequent acceleratory and deceleratory HR components. Differences between conditions
emerged only at assessment 3, as those in the varenicline condition had diminished heart rate
reactivity to cue presentation [increase: (M=4.53, SD=2.70 vs. 6.05, SD=3.77), p<.05;
decrease: (M=-3.66, SD=2.01 vs. -5.32, SD=3.69), p<.01]. Because there were no response
differences between cue types, the current findings indicated that those taking varenicline
had dampened responses to stimuli in general (i.e., not specific to smoking cues). There
were no significant effects on SC reactivity.
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Cigarette reward—Significant time x condition interactions for the mCEQ were found
after participants smoked the full cigarette in the laboratory, but not after smoking the one
half cigarette. As hypothesized, smokers who received varenicline reported less satisfaction,
psychological reward, craving reduction, and respiratory sensations than placebo-receiving
smokers, at both assessments 2 and 3 (see Tables 3 and 5; and Fig. 1f for satisfaction scale
following full cigarette). Moreover, during both of these sessions, the varenicline condition
indicated on the cigarette choice procedure that a hypothetical cigarette was less valuable to
them (i.e., they had a lower cross-over point) compared to the placebo condition. On this
measure of expected value of smoking, significant time x condition interactions were found
prior to smoking both the one half cigarette and full cigarette (see Fig. 1c for full cigarette).

Smoking topography—Actual smoking behavior was assessed as a secondary index of
smoking reward. No effects of time x condition were found for the one half cigarette.
However, as hypothesized, smokers on varenicline took fewer puffs and spent less time
smoking the full cigarette compared to those on placebo, and the time x condition
interaction was significant (see Tables 3 and 5, and Fig. 1d, €). These condition effects
emerged for number of puffs taken at assessment 2 and 3, and for total time spent smoking
at assessment 3. Note, however, that due to equipment problems and participant behavior
(e.g., facing away from the camera while smoking), these analyses were conducted with a
reduced sample size that varied by index (assessment 1, 86-90%; assessment 2, 80-85%;
assessment 3, 73-76%).

Fidelity of the blind

At the second assessment, 44.7% of those in the varenicline condition and 34.7% of those in
the placebo condition guessed that they had received varenicline, which was not statistically
significant, y2 (1, N=87)=0.91, p=.34. Differences did emerge at assessment 3, when 60.9%
of participants in the varenicline condition guessed that they had received varenicling,
compared to 31.5% of those in the placebo condition, x2 (1, N=100)=8.67, p<.01. Thus,
condition assignment only appeared to have an impact on participants' beliefs that they were
taking varenicline once full dosage was reached. Correlational analyses revealed that
participants with higher side effect reports at assessment 2 were more likely to guess that
they were in the varenicline condition at both assessments 2 and 3 [r(85)=.38, p<.001;
r(85)=.24, p<.05]. When accuracy of guessing was included in the mixed model analyses
and tested as a potential moderator of observed condition x time effects, it acted as a
significant moderator of the following dependent measures: both tonic craving scales (QSU
and WSWS), cue-provoked craving, and mCEQ smoking satisfaction. That is, for these
variables, group differences that emerged over assessment sessions were strongest amongst
those participants who correctly guessed their conditions. Guessing the correct condition did
not moderate group differences on the other mCEQ scales, the CCP crossover values, or the
smoking topography measures. Of course, it is not possible to determine whether the
medication effects reported earlier for these craving and smoking satisfaction measures were
driven by participants' guesses about their condition, or if their guesses were driven by the
differential therapeutic and/or side effects of the medication.
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Discussion

The goal of this study was to test, in a controlled, double-blind design, the hypothesized
subjective and behavioral effects of varenicline that may underlie its clinical efficacy.
Specifically, we assessed the effect of varenicline over the recommended run-up period
upon tonic craving, cue-provoked craving, perceived reward from smoking, and smoking
behavior.

With respect to craving, we found, as expected, that varenicline reduced tonic (or
abstinence-induced) craving compared to placebo, replicating the 2007 conference report by
Niaura et al., as well as the general finding that steady-state medications (including
bupropion and nicotine transdermal patch) tend to reduce tonic, or background, craving
levels (Ferguson and Shiffman 2009). However, we also found that varenicline reduced cue-
provoked cravings. The difference between varenicline and placebo did not reach
significance until the end of the medication run-up period, which may explain why Niaura et
al. did not find such an effect following a single dose. It may be that full therapeutic blood
levels are necessary before this effect is revealed, or that smokers must have the opportunity
to extinguish conditioned responses to smoking cues by smoking while on varenicline. To
test these alternatives would require studies that systematically control, during the run-in
period, medication dosing, cigarette consumption, and exposure to smoking-related cues. To
our knowledge, this is the first placebo-controlled study that has shown a reduction in cue-
provoked craving by varenicline or any other steady-state medication, although in an fMRI
study, Franklin et al. (2011) reported that varenicline diminished cue-provoked ventral
striatum and medial orbitofrontal cortex responses. Our results are also consistent with
findings that varenicline reduced cue-induced reinstatement of nicotine-seeking in the rat—
although only when combined with a nicotine prime (O'Connor et al. 2010); however,
findings have been inconsistent in this domain (Wouda et al. 2011).

We also found that varenicline reduced perceived reward from smoking, as indicated by the
scales of the mCEQ), replicating Patterson et al. (2009) and Perkins et al. (2010), and
consistent with the retrospective reports of patients in the clinical trials (e.g., West et al.
2008). We found this effect only after smoking the full cigarette, so it appears that the half
cigarette was not sufficient for producing differential medication effects upon reward.
Additionally, the expected value of smoking was lower for patients on varenicline compared
to placebo; that is, they showed relatively less preference for cigarettes over money.
Smokers in the varenicline condition also took fewer puffs and spent less time smoking than
smokers on placebo when they were provided with a full cigarette. As noted above, the
reduced reward from smoking during the run-up period may facilitate extinction of
classically conditioned responses to smoking-related stimuli, accounting for the reduction of
cue-provoked cravings by the end of the run-up.

Aside from craving, no other withdrawal symptoms were reduced by varenicline. However,
participants had only abstained for 12 h prior to the assessment sessions. Although some
withdrawal symptoms can appear within this period (Hendricks et al. 2006), they are
relatively mild and may not be significantly affected by medication. We also failed to find
cue-specific reactivity on the psychophysiological indices of heart rate and skin

Psychopharmacology (Berl). Author manuscript; available in PMC 2015 December 02.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Brandon et al. Page 12

conductance, which precluded the appearance of medication effects. These indices are less
robust measures of cue-reactivity than is self-reported craving (Carter and Tiffany 1999),
which is why they were relegated to secondary status in our design.

The primary limitation of the study was the relatively high attrition and no-show rate. This
study attracted a sample of smokers of generally low socio-economic status, including a
median household income of only $15,000-20,000. Although there are multiple challenges
to conducting experimental research with this population (e.g., difficulty contacting,
transportation barriers, and compliance issues), they are also increasingly representative of
today's population of smokers (Litvin and Brandon 2010). Upon breaking the blind, we were
particularly surprised to see the trend of lower compliance in the varenicline condition,
including failure to pass the CO screen to verify overnight abstinence. We would have
predicted, if anything, better abstinence compliance among those using varenicline, as is
found in the treatment literature. However, the smokers in this study were nontreatment-
seeking, with mean Contemplation Ladder scores indicating that they were not ready to quit.
Among such smokers, the reduction in smoking satisfaction may be frustrating, and it
perhaps therefore leads to attempts to compensate by increasing smoking over the short term
(akin to the “extinction burst” phenomenon found in animal studies of drug self-
administration; e.g., Harris et al. 2007). This explanation is consistent with our finding that
study noncompleters reported higher cravings, but lower levels of reward following
smoking, compared to study completers.

The previous point illustrates the second limitation of this research, which concerns external
validity. Because of attrition, which may have been due to adverse responses to the
medication in the varenicline condition, or disappointment about minimal effects in the
placebo condition, a conservative conclusion might be that the results may generalize to
only those smokers who respond to and/or can tolerate varenicline. Also relevant to external
validity, participants in this study were not attempting to quit smoking, and the laboratory
environment and tasks were artificial compared to natural smoking situations. As is often the
case, some degree of external validity was sacrificed to maximize internal validity, which
allows for stronger causal conclusions. In this case, however, the results—particularly those
indicating attenuated reward from smoking while using varenicline—complement the
retrospective reports of patients enrolled in clinical trials (West et al. 2008). Thus, studies
that maximized either internal or external validity have now produced converging results.

A third limitation concerns the fidelity of the blind. By the time full clinical dosage had been
reached, participants were able to guess their condition significantly better than chance, and
the accuracy of their guesses moderated the group differences found on the craving and
smoking satisfaction measures. Few placebo-controlled studies of varenicline have reported
smokers' guesses about medication, but our results are similar to those reported elsewhere
(Perkins et al. 2010a). It is interesting that we found that accuracy of guessing condition
moderated the group differences on the most direct subjective measures (craving and
smoking satisfaction), but not on the less direct or behavioral measures (cigarette choice
crossover value, smoking topography, as well as the other mCEQ scales). We must be
concerned that inclinications about their condition assignment—based perhaps upon
experience of side effects—may have influenced participants' subjective ratings through
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mechanisms such as demand or expectancy effects. There is evidence that expectancies
about smoking cessation medications can influence smokers' perceived response to the
medication (e.g., Darredeau and Barrett 2010; Fucito and Juliano 2007). However, any
causality between accurately guessing the condition and perceived benefits of the
medication could plausibly flow in the opposite direction as well; that is, true therapeutic
responses (or lack thereof) to medication may cue participants as to their condition
assignment. Direction of causality cannot be determined from basic placebo-controlled
studies such as ours. However, there is a legitimate concern about the fidelity of blinds in
both clinical trials and laboratory studies, and it suggests a need for assessing participants'
perceptions of condition assignment, as well as other methodological enhancements,
including the use of active, rather than inert, placebos in pharmacotherapy research (Fisher
and Greenberg 1993).

Additionally, it would have been ideal to have data on smoking behavior between
assessment sessions to test for differential effects by condition. Not only would this provide
another index of smoking behavior in response to condition but also amount of smoking
between assessments could theoretically influence each of the dependent measures, and it
would be ideal to control for variability in smoking. Although we instructed participants to
continue their usual rate of smoking, we also asked them to record their smoking.
Unfortunately, however, compliance was so poor on this task that we had to exclude it from
analyses. A final limitation worth noting was the loss of some topography data from
logistical problems. Asking participants to smoke through a computerized topography
device might have reduced data loss, but at the possible cost of external validity (Blank et al.
2009).

In conclusion, the current results supported, via a controlled laboratory study, both of the
hypothesized subjective and behavioral mechanisms thought to mediate the clinical efficacy
of varenicline: reduced craving (both tonic and cue-provoked) and diminished reward from
smoking. Future longitudinal studies with treatment-seeking smokers are needed to test the
actual mediation of these variables upon smoking cessation outcomes. The eventual
calibration of such mediation effects could guide the further development of
pharmacotherapies (or even behavioral interventions) that target these key variables.
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Comparison of varenicline (solid line) versus placebo (dotted line) across sessions on a tonic
craving (Questionnaire of Smoking Urges, total score), b cue-provoked craving (ratings in
response to smoking images, controlling for neutral images), ¢ expected reinforcement value
(cigarette choice procedure cross-over value) before the full cigarette, d total time smoking
(seconds), e total number of puffs smoked, and f perceived reward (MCEQ Satisfaction
Scale) following the full cigarette. Error bars indicate standard error. *p<.05; **p<.01;
***p<.001
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Table 1
Baseline char acteristics, with means (and SDs) or per centages

Variable

Condition

Varenicline (n=46)  Placebo (n=54)

Demographic variables

Gender (% female) 39.1% 38.9%
Age 45.8 (9.4) 41.2 (11.5)"
Education (% <HS degree)  34.8% 46.3%
Median household income $20,000 $15,000
Race (% African American)  32.6% 20.4%
Ethnicity (% Hispanic) 13.3% 14.8%
Smoking-related variables
Cigarettes/day 22.9(9.2) 26.1(11.5)
Years of daily smoking 26.6 (11.6) 23.9 (11.6)
FTND 5.4 (2.2) 6.2 (1.9)
co 30.63 (15.7) 31.19 (15.1)
Contemplation ladder 6.65 (2.30) 5.46 (3_01)*
’ p<.05
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