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Introduction: Varenicline (Chantix®) is an efficacious first-
line medication for smoking cessation. Studies suggest that one
mechanism by which varenicline facilitates sustained smoking
abstinence is by reducing the likelihood of relapse to smoking
when a lapse, or slip, occurs during a quit attempt. The present
study extends this line of research by conducting a prospective
laboratory study to examine the relapse prevention effects of
varenicline following a programmed lapse.

Methods: Daily smokers (N = 47) completed a 5-week outpatient
study in which they were randomized to receive varenicline
or placebo. The first week was a medication induction period
that was immediately followed by a 4-week quit attempt. A
programmed lapse (2 cigarettes smoked in the laboratory)
occurred on the second day of the quit attempt.

Results: Participants receiving varenicline were slower to relapse
and had greater total abstinence rates following lapse exposure.
Participants in the varenicline group rated lapse cigarettes lower
on measures of reward and intoxication and showed increased
behavioral economic demand elasticity for cigarettes (reduced
cigarette purchasing at higher prices) compared with those
receiving placebo.

Conclusions: These results demonstrate a relapse prevention
effect of varenicline following smoking lapse exposure and
suggest that an attenuation of reward from smoking and the
blunting of subjective effects of smoking may underlie and/or
contribute to this effect.

Introduction

Nearly half of all smokers in the United States (44.2%) report
making a quit attempt annually (Centers for Disease Control
and Prevention, 2006). Successful quit rates, unassisted by
smoking cessation aids, are low and historically range from 4%
to 7% (Cohen et al., 1989; Hughes, 2003), but these rates can be
boosted by use of evidence-based interventions. Varenicline
(Chantix®), a partial agonist of the 04£32 nicotinic acetylcholine
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(nACh) receptor, is an effective first-line smoking cessation
medication (Gonzales et al., 2006; Jorenby et al., 2006; Oncken
et al., 2006). A recent literature review suggests that varenicline
increases the chances of long-term smoking cessation between
two and threefold compared with quit attempts in which no
medication assistance is used (Cahill, Stead, & Lancaster, 2011).

While the efficacy of varenicline in improving smoking
cessation outcomes has been demonstrated, research exploring
specific effects of varenicline that contribute to its clinical
benefit is ongoing. Varenicline is reported to reduce craving and
withdrawal, improve mood and cognition, and minimize the
rewarding and subjective effects of cigarettes after a period of
abstinence (Brandon et al., 2011; Gonzales et al., 2006; Jorenby
et al., 2006; Oncken et al., 2006; Patterson et al., 2009; Perkins,
Mercincavage, Fonte, & Lerman, 2010; West, Baker, Cappelleri, &
Bushmakin, 2008). Blocking or attenuating the rewarding and
subjective effects of nicotine may be an important and unique
aspect of the psychopharmacology of varenicline. Research sug-
gests that the majority of smokers (95%) who take even a few
puffs from a cigarette early in their quit attempt (i.e., experience
a smoking lapse) soon relapse and may return to prequit levels
of smoking (Brandon, Tiffany, Obremski, & Baker, 1990;
Kenford et al., 1994). Shiffman, Ferguson and Gwaltney (2006)
found that higher hedonic ratings associated with a smoking
lapse (i.e., pleasantness of the cigarette, satisfying) were predictive
of smoking relapse. This suggests that a medication-produced
attenuation of the subjective reward associated with a lapse
cigarette may protect smokers who lapse from progressing to
full relapse during a quit attempt.

In placebo-controlled clinical trials conducted with vareni-
cline, patient reports suggest that varenicline indeed reduced
the subjective rewarding effects of lapse cigarettes (Gonzales et al.,
2006; Jorenby et al., 2006; Oncken et al., 2006). However, the
lapse cigarette ratings obtained in these studies were retrospec-
tive, which introduces the potential for recall bias, and were
restricted to those who experienced a smoking lapse, which
introduces the potential for sample bias. Thus, a prospective
evaluation of varenicline on lapse cigarette effects is required to
validate this finding.
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A model of smoking cessation and relapse has been devel-
oped in which a brief period of objectively verified abstinence is
followed by a programmed smoking lapse in a laboratory setting
(Chornock, Stitzer, Gross, & Leischow, 1992; Juliano, Donny,
Houtsmuller, & Stitzer, 2006). In this model, all participants
experience the smoking lapse, and subjective ratings of the
cigarette(s) can be immediately completed. Using this lapse
model, Patterson et al. (2009) showed that varenicline, compared
with placebo, improved mood and cognition, decreased the
subjective rewarding effects of a smoking lapse, and increased
latency to relapse in a subsequent 1-week quit attempt. How-
ever, this study used a within-subjects design and an order
effect was observed such that varenicline’s relapse prevention
effects were more robust in participants who received vareni-
cline after exposure to placebo, suggesting that repeated expo-
sure to the smoking cessation protocol impacted the study
outcomes. In a second study, Perkins et al. (2010) found
decreases in smoking reward during varenicline administration
compared with placebo but found no difference in abstinence
rates during a subsequent 1-week quit attempt. It is possible that
the sensitivity to detect between group relapse rate differences may
have been hindered by the short (1-week) postlapse assessment
period.

The current study was conducted to extend research with
varenicline using the experimental lapse model. A between-
subjects study design was selected to avoid order effects, and the
postlapse quit attempt was extended to 4 weeks. The aims of the
study were to assess the effects of varenicline versus placebo on
(a) latency to relapse following the experimental lapse smoking
procedure, (b) abstinence rates during a 4-week quit attempt
following the lapse exposure, and (c) subjective and rewarding
effects of smoking.

Study Design

This was a placebo-controlled, double-blind, between-subjects
outpatient study, in which participants were randomized to
receive varenicline or matching placebo for 5 weeks. The first
week was medication induction with ad libitum smoking of the
participant’s own brand of cigarettes. Beginning on study Day 7,
participants engaged in a 4-week quit attempt. An experimental
smoking lapse exposure procedure occurred on study Day 8,
following the initial 24 hr of the quit attempt. The experimental
procedures were approved by the Johns Hopkins University
School of Medicine IRB.

Participants

Participants were recruited through media advertisements.
Study inclusion criteria were (a) age 18-75, (b) self-reported
smoking of 10 or more cigarettes/day and submission of a
urine specimen positive for the nicotine metabolite, cotinine
(>200 ng/ml as determined by the DRI® cotinine assay for urine
[Microgenics Corp., Fremont, CA]), (c) contemplating a quit
attempt within the next 6 months, and (d) willing to complete a
short-term smoking quit attempt as part of the study. Partici-
pants were excluded from the study if they: (a) were seeking im-
mediate treatment to quit smoking, (b) currently met DSM
criteria for depression, bipolar disorder, or schizophrenia, (c) had
a history of attempted suicide or expressed any current suicidal
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ideation, (d) were pregnant, breastfeeding, or planning to become
pregnant, or (e) had severe impairment of renal function
(Glomerular Filtration Rate; GFR < 30 ml/min).

Screening Assessment

Study volunteers were initially screened over the telephone for
basic inclusion characteristics (age, smoking status, and desire
for treatment) and those potentially eligible were invited to the
laboratory for a screening assessment. During the laboratory
assessment, participants completed locally developed medical
and smoking history questionnaires, Beck Depression Inventory
(BDI; Beck, Steer, & Brown, 1996), Symptoms Checklist-90
(SCL-90; Derogatis, Lipman, & Covi, 1973), and Fagerstrom
Tobacco and Nicotine Dependence Questionnaire (FTND;
Heatherton, Kozlowski, Frecker, & Fagerstrom, 1991). The
DSM Checklist (Hudziak et al., 1993) was used to assess current
depression for participants who had scores on the BDI or
Depression scale of the SCL-90 above normative values. Breath
and urine specimens were collected to objectively assess markers
of tobacco smoking behavior (breath carbon monoxide, CO;
urinary cotinine, COT). A blood specimen was obtained to
assess renal function.

One hundred and four daily smokers provided informed
consent and met the study eligibility criteria. These participants
were randomized to receive varenicline (N = 54) or placebo
(N =50). Among randomized participants, 37 dropped out of
the study prior to completion (15 varenicline and 22 placebo).
Among those 37 participants, 18 failed to return for study Days
7 or 8, which was the Lapse Exposure Session (7 varenicline and
11 placebo), and nine more failed to return for the first study
visit of their quit attempt after lapse exposure (2 varenicline and
7 placebo). Ten additional participants dropped out through
the remainder of the quit attempt (6 varenicline and 4 placebo).
The larger number of early dropouts in participants receiving
placebo (N = 18) versus varenicline (N = 9) suggests that medi-
cation side effects were not an issue but rather that some place-
bo participants may have been disappointed with their
double-blind group assignment and/or found it more difficult
to quit than those assigned to varenicline. A total of 67 partici-
pants completed all study procedures. Among study completers,
20 participants (10 varenicline and 10 placebo) were judged as
not meeting criteria for overnight abstinence (self-reported
smoking or CO > 6 ppm) prior to the lapse exposure session
and were excluded from data analyses. The final study sample
included 47 participants; 25 who received varenicline and 22
who received placebo.

Study Procedures

Medication

All participants received two pills (varenicline or matching
placebo) daily with instructions to take one in the morning and
one in the evening. Varenicline induction followed the clinically
recommended dosing regimen of 0.5 mg once daily for 3 days
(1 active dose and 1 placebo dose), 0.5 mg twice daily (1 mg/day)
for 4 days, and 1.0 mg twice daily (2 mg/day) for the remainder
of the study. Study medication and matched placebo encased in
individual blister packs were provided by Pfizer, Inc. Pharmacy
staff at the Behavioral Pharmacology Research Unit were respon-
sible for medication distribution to nursing and research staff to
ensure double-blind conditions.
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Laboratory Visits
Participants completed 10 laboratory visits over a 5-week period.

Week 1 Prequit Visits: Visits on study Days 1 and 7 included
brief smoking cessation counseling, study assessments, and
assessments of smoking reward. A smoking cessation manual
was used by trained staff to provide counseling for approximately
20 min at each prequit visit. The manual has been previously
used in our laboratory studies (Juliano, Houtsmuller, & Stitzer,
2006) and includes modules on preparing to quit, actions to
help initial quit success, expected craving/withdrawal effects,
and cognitive and behavioral coping strategies. Breath and urine
specimens were collected to assess CO and COT levels. Further,
a battery of self-report assessments was administered that was
repeated at each subsequent study visit. Assessments included
the number of cigarettes smoked each day (based on a daily
diary), Minnesota Nicotine Withdrawal Scale (MNWS; Hughes &
Hatsukami, 1986), the Positive and Negative Mood Assessment
Scale (PANAS; Watson, Clark, & Tellegan, 1988), Schuh-Stitzer
tobacco craving questionnaire (Schuh & Stitzer, 1995), a locally
developed Medication Side Effects Questionnaire (all side
effects listed in the package insert for Chantix rated on a four-
point Likert scale), and Confidence to Quit Questionnaire
(Juliano, Donny, et al., 2006).

Two behavioral measures were administered to assess smok-
ing reward before (study Day 1) and after 1 week of medication
exposure (study Day 7). The Cigarette Purchase Task (CPT;
MacKillop et al., 2008) is based on a model of drug reward
assessment that has been successfully used with several drugs
including heroin (Jacobs & Bickel, 1999; Petry & Bickel, 1998),
tobacco (Jacobs & Bickel, 1999; MacKillop et al., 2008; Madden &
Kalman, 2010), and alcohol (MacKillop et al., 2008; Murphy &
MacKillop, 2006; Murphy, MacKillop, Skidmore, & Pederson,
2009). Participants indicated how many cigarettes they would
purchase at each of the following 18 prices: 0.01, 0.5, 0.1, 0.3,
0.5,1,2,3,4,5,6, 11, 35, 70, 140, 280, 560, and 1120 US $/
cigarette. The simulated cigarette consumption data allow for
analysis of behavioral economic demand curves. This method
provides a framework for quantifying multiple dimensions of
drug reinforcement (e.g., Bickel & Madden, 1999; Johnson &
Bickel, 2006) and has been identified as an increasingly important
framework for assessing drug abuse liability (Carter & Griffiths,
2009; Hursh, Galuska, Winger, & Woods, 2005). Specifically,
demand functions were fit to these data (see Data Analysis
section), resulting in two quantified parameters: demand intensity
(Q,), which is the number of cigarettes purchased as price
is close to zero (preferred level of consumption with no price
constraint), and demand elasticity (o), which is price sensitivity
(the extent to which increases in cigarette price result in
decreases in cigarette purchases).

A Progressive Ratio Task (PRT) was also conducted on
study Days 1 and 7. Progressive ratio procedures are standard
drug reinforcement assessments, where research subjects must
perform behavioral response requirements, on a schedule of
increasing magnitude, in order to obtain a fixed dose of a test
drug. Behavioral response requirements in this study were 100,
300, 600, 1,000, 1,500, 2,100, 2,800, 3,600, 4,500, 5,500, 6,600,
and 7,800 computer mouse clicks, and participants immediately
received one puff from a preferred-brand cigarette following the
completion of each response requirement. Participants had 2 hr

to complete as many responses as desired but could not leave
the laboratory until the 2-hr time limit had expired. The primary
task outcome is the breakpoint or highest response requirement
completed in order to obtain a cigarette puff. Similar PRTs have
been used as sensitive measures of cigarette reward with
deprived and satiated smokers when puffs of a cigarette serve as
the reinforcer (Donny, Houtsmuller & Stitzer, 2007; Rusted,
Mackee, Williams, & Willner, 1998; Shahan, Bickel, Madden, &
Badger, 1999; Willner, Hardman, & Eaton, 1995).

Lapse Exposure Session: At the end of the study Day 7
session, participants were instructed to abstain from smoking
overnight and return to the laboratory the following day. In
order to facilitate compliance, half of the total compensation for
participating in the Lapse Exposure Session ($30) was contin-
gent on overnight abstinence (self-report verified by CO). Par-
ticipants then completed a 7-hr period of supervised abstinence
in the laboratory (9:00-16:00). At 16:00, following approxi-
mately 24 hr of abstinence (overnight included), participants
smoked two cigarettes of their preferred brand spaced 45 min
apart in an experimental simulation of lapse exposure. Following
each lapse cigarette, participants completed a 19-item Cigarette
Rating Questionnaire (based on Juliano, Donny, et al., 2006),
in which they rated their experience of the lapse cigarette on a
100 point visual analog scale anchored on the left with not at all
and on the right with extremely. The items to be rated fell into
four categories: (a) rewarding and/or enjoyable effects of smoking
(pleasant, tasted good, satisfying, relaxing, made me feel buzzed,
liked effect, and stimulating), (b) physical sensations from
smoking (enjoyable sensations in the throat and chest, enjoy-
able sensations on the lips and tongue, and smelled good), (c)
removal of aversive stimuli (reduced craving, reduced with-
drawal, and reduced irritability), and (d) unpleasant and/or
punishing responses to smoking (harsh, strong, tasted different
than usual brand, intensity, made me feel dizzy, and made me
feel nauseous).

Quit Attempt: Following the lapse exposure visit on study
Day 8, participants were instructed to resume their quit attempt
and their smoking status was assessed during brief laboratory
visits on study Days 10, 12, 14, 16, 21, 28, and 35. At each of
these visits, participants provided breath and urine specimens
and completed the self-reported smoking, withdrawal, craving,
mood, and quit confidence questionnaires. Confirmation of
self-reported abstinence was determined by evaluating quanti-
tative urine COT results. Participants were judged abstinent if
urine specimens were below 200 ng/ml or showed a 50% or
greater reduction in COT from the prior specimen (first week of
quit attempt only). Return to smoking was defined as any self-
reported smoking or COT > 200 ng/ml. To promote engagement
in the quit attempt, participants received bonus compensation
on a decelerating schedule for remaining abstinent during
the first week after the lapse exposure. Payment for meeting
cotinine-based abstinence criteria was $24 on study Day 10,
$18 on study Day 12, $12 on study Day 14, and $6 on study
Day 16. No abstinence-based bonus compensation was provided
on study Days 21, 28, or 35, and total study compensation
was $371.

Medication Compliance
Urine specimens collected on study Days 7, 21, and 35 were
tested for varenicline using liquid-liquid extraction by Alta
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Analytic Laboratories (El Dorado Hills, CA). Quantitative
concentrations of varenicline (ng/ml) were returned; with
the Lower Limit of Quantitation for the analyses established
at 1.00 ng/ml.

Data Analysis

Time to first smoking occasion following the lapse exposure was
analyzed using a Cox regression survival model and end of study
group abstinence rates were compared using a Chi-squared test.
Measures of abstinence (continuous days of abstinence, percent-
age of abstinent participants, number of negative COT samples,
and hours of abstinence) were based on COT-validated self-
report and were analyzed using Fisher’s exact test (only p values
are reported). All variables with multiple time points were analyzed
using repeated measures regressions with an autoregressive (a)
covariance structure in SAS PROC Mixed. Pairwise comparisons
between placebo and varenicline groups were conducted using
planned comparison t tests at individual time points. A Cox
regression survival model was used to assess the effects of possible
moderators for abstinence duration following the lapse exposure
(gender, race, education, FIND, CO and COT measures, ciga-
rettes per day, and years of regular smoking).

For the CPT, three missing values were interpolated as the
median of that participant’s data at the lower and higher sur-
rounding prices. The median number of cigarettes purchased
across participants in each group was determined for each of the
two time points (study Days 1 and 7), resulting in four median
datasets. For each median dataset, values less thanl and all
but the first (lowest price) instance of 1 within a set were elimi-
nated because in logarithmic coordinates zero is undefined and
small median values of 0.5 and 1 provide little resolution.
These four datasets were fit with nonlinear regression to
the exponential equation by Hursh and Silberberg (2008):

logQ =1logQ, + k(e —1). The independent variable C repre-
sents cost (price per cigarette), the dependent variable Q repre-
sents consumption (cigarettes purchased at a particular price),
and e is a constant known as Euler’s number. Scaling
parameter k indicates the range of logQ and was set to 2 in this
study because it was the lowest integer with an antilog (100) that
covered the range of cigarettes purchased. Free parameters are
Q, (demand intensity) and o (demand elasticity). Statistical
comparisons among the four median datasets (pre and postin-
duction for both groups) were performed with an extra sum-of-
squares F test using GraphPad Prism® v. 5. As described
elsewhere (Motulsky & Christopoulos, 2003), when comparing
two datasets, this method calculated the error variance for data
fit to the curve when: (a) assuming independent values for both
free parameters in each of the two compared datasets and (b)
assuming shared values across the two compared datasets for
each of the two free parameters. Significant differences indicate
that the curves as a whole significantly differed across the two
compared datasets. To determine which parameters were
responsible for any significant difference between curves, anal-
ogous procedures were used to determine if separate (as
opposed to shared) values of a particular parameter were statis-
tically justified across datasets while assuming individual fits for
the other parameter across datasets.

Participants

Demographic and smoking characteristics of the final study
sample (N = 47) are shown in Table 1. Statistical comparisons
revealed no differences on any characteristics between experi-
mental groups.

Table 1. Demographic and Smoking Characteristics

Placebo (N =22) Varenicline (N = 25) t/U-statistic Significance (p)

Gender, male (%) 13 (59) 10 (40) a .25
Ethnicity, n (%)

Black 12 (55) 17 (68)

Caucasian 8 (36) 8(32)

Other 2(10) a 77
Education, n (%) .98

High school graduate 14 (64) 16 (64) —0.03

or higher

Age 43 (10) 45 (12) —0.51 .62
Years smoked 26 (11) 25(12) 0.23 .82
Cigarettes per day 18.4(5) 20.2(6) -1.0 .30
CO (ppm) 15.5(7), range: 5-35 14.8 (10), range: 4-46 219 33
COT (ng/ml) 1,930 (1,260), range: 466-5,220 1,912 (1,327), range: 404-6,756 261 77
FIND 5.5(1.8) 5.6 (1.6) —0.11 91
SCL-90 42 (10) 43 (10) —0.49 .63
BDI 3.5(3.5) .7(2.5) 0.87 .39

Note. Demographic and smoking characteristics of study completers (N = 47) at intake shown as percentages or group averages (SD). minimum
and maximum range values are also shown for carbon monoxide (CO) and urinary cotinine (COT) following SD values. Fisher’s exact test was used
for gender and ethnicity variables, while the Mann—Whitney Rank Sum Test was used for nonnormally distributed values found for CO and urinary

COT. All other variables were analyzed with the use of  tests.
SCL-90 = Symptoms Checklist-90; BDI = Beck Depression Inventory.
“Fisher’s exact test.
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Figure 1. Percentage of participants abstinent during the 4-week

postlapse quit attempt based on self-reported hours to first smoking
occasion and validated by urinary cotinine > 200 ng/ml.

Smoking Outcomes Following Lapse
Exposure

Abstinence survival analysis (Figure 1) indicated that time to
first smoking occasion was delayed for those in the varenicline
group compared with the placebo group (}* (1) = 6.3, p <.05).
As shown in Table 2, mean latency to next smoking incident
postlapse exposure was 14 days for varenicline versus 6.2 days
for placebo (p = .02).

Main effects of Medication (F(9, 398) = 4.5, p < .05) and
Time (F(9, 398) = 9.6, p < .0001) were observed for urinary
COT, and a significant Medication X Time interaction was
observed for breath CO (F(9, 397) = 2.6, p < .05). As shown in
Figure 2, both groups showed large decreases in CO and COT
from study Days 7-8, reflecting the initial 24-hr period of absti-
nence. However, biomarkers of smoking remained low for the
varenicline group throughout the quit attempt whereas CO and
COT steadily increased after study Day 12 in the placebo group.
The time course of between group differences in CO and COT
were further clarified by planned comparisons at each time
point throughout the quit attempt.

Additional measures of self-reported and objectively
verified abstinence obtained during the 4-week quit attempt are
shown in Table 2. All variables favored the varenicline condi-
tion, including longer continuous abstinence rates, more par-
ticipants continuously abstinent for all 4 weeks, twice as many
COT negative urine specimens submitted, and more self-
reported hours of abstinence following the programmed lapse.

Subjective Effects of Lapse Exposure
Varenicline attenuated several subjective effects of the lapse
cigarettes. With both lapse cigarettes included, significant main

effects of Medication were observed for participant ratings of
“liked effect” (F(1, 45) = 4.4, p < .05), “stimulating” (F(1, 45) = 5.2,
p < .05), “enjoyable sensations in the throat and chest” (F(1, 45) =
6.3, p <.05), “smelled good” (F(1, 45) = 4.8, p <.05), and “made
me feel dizzy” (F(1, 45) = 5.2, p < .05), Since the magnitude of
subjective effects was expected to decline from the first to the
second lapse cigarette, planned comparisons were conducted to
assess medication group differences on ratings of the first lapse
cigarette only. Significant comparisons are shown in Figure 3.
Participants receiving varenicline had significantly lower sub-
jective ratings of stimulating (¢#(45) = 2.5, p <.05), made me feel
buzzed (#(45) = 2.6, p < .05), smelled good (#(45) = 2.2, p <.05),
enjoyable sensations in the throat and chest (#(45) = 2.5,
p <.05), made me feel dizzy (#(45) = 3.2, p < .05), and made me
feel nauseous (#(45) = 2.1, p < .05). These represent significant
group differences for 2 out of 7 items relating to the rewarding/
enjoyable effects of smoking, 2 out of 3 items relating to the
physical sensations of smoking, 0 out of 3 items relating to
reduced withdrawal and craving, and 2 out of 6 items relating to
unpleasant/punishing effects of smoking.

Behavioral Measures of Smoking
Reward

Behavioral economic demand curves derived from the CPT
(median number of cigarettes purchased at each price) are
shown in Figure 4. The exponential equation provided good fits
to the data for the four median datasets (study Day 1 placebo:
R? = .944; study Day 1 varenicline: R* = .969; study Day 7 placebo:
R* = .984; study Day 7 varenicline: R* = .984) and for individual
participants (median R*> = .867 across all individual data for
which model fit was possible). Both groups showed similar
cigarette purchases on study Day 1 (premedication), with no
significant difference between fitted demand curves (top panel;
F(2, 12) = 1.06, p = .38; shared Q, =20.9, shared oo = 0.0115).
Both groups showed fewer purchases on study Day 7 compared
with their own purchases on study Day 1 (placebo group:
F(2,11) =49.36, p <.0001; varenicline group: F(2, 10) = 129.86,
p <.0001). However, this decline was greater for the varenicline
group than for the placebo group. This is shown by a significant
varenicline versus placebo group difference on study Day 7
(F(2,9) = 53.15, p <.0001; placebo Q, = 11.1, varenicline Q, =
10.5, placebo o = 0.0309, varenicline oo = 0.0739). Analyses of
individual purchase task parameters showed that neither Q,
(demand intensity) nor o (demand elasticity) parameters were
significantly different between groups at baseline (Q: F(1, 12) =.11,
p=.75 o: F(1, 12) = 1.83, p = .20). However, on study Day 7,
o (F(1, 9) = 105.47, p < .0001) but not Q, (F(1, 9) = 0.25,
p = .63) differed between groups indicating that varenicline
decreased nicotine reward by increasing demand elasticity rater
than decreasing demand intensity.

Table 2. Smoking Outcome Measures

Abstinence measure Placebo (N=22) Varenicline (N = 25) t Significance (p)
Days of continuous abstinence, M (SD) 9.1(9.7) 16.4 (11.3) —2.36 .02
Participants continuously abstinent, (%) 3(13.6) 10 (40.0) a .05
Number of negative samples, M (SD) 2.1(2.5) 4.1(3.0) —2.43 .02
Hours abstinent after lapse exposure, M (SD) 148 (229) 336 (290) —2.44 .02

Note. *Fisher’s exact test
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Figure 2. Carbon monoxide (CO; ppm) and urinary cotinine (COT;

ng/ml) measures for each experimental session. Error bars represent
SEM. The vertical dotted line indicates the start of the 4-week quit at-
tempt. Incentive bonuses were given for abstinence during study Days
10-16 and removed for study Days 21-35. Significant group differences
at each time point, determined by planned comparisons, are indicated
by a single asterisk (p <.05) or double asterisks (p <.001).

The PRT showed a significant main effect of Time for puffs
earned (F(1, 44) = 25.2, p < .0001), reflecting a reduction in
smoking self-administration in the laboratory from study Days
1-7, but no effect of Medication or Medication X Time interac-
tion was found. Mean (SD) total responses (mouse clicks) on
the task decreased from 2,380 (2,960) to 1,207 (3,633) for the
placebo group and from 5,422 (8,101) to 3,416 (8,350) for the
varenicline group on study Days 1 and 7, respectively. This
corresponds to a mean decrease of 1.8 (2.0) puffs earned for the
placebo group versus 2.0 (3.0) for the varenicline group following
medication induction.

Subjective Effect Assessments

Subjective assessments of withdrawal, craving, mood, side
effects, and quit confidence administered at all study visits were
not sensitive to medication effects. These questionnaires consis-
tently showed significant main effects of Time, with craving,
withdrawal, and negative mood ratings decreasing over time in
both groups. However, significant main effects of Medication
were only observed for loss of balance on the Medication side
effects questionnaire (F(1,45) = 5.5, p < .05; varenicline > placebo),
for “upset” (F(1, 45) = 9.7, p < .05), “ashamed” (F(1, 45) = 6.4,
p < .05), and “ittery” (F(1, 45) = 10.0, p < .05) on the PANAS
(varenicline < placebo), and for ratings of “how pleasant a ciga-
rette would be right now” (F(1, 45) = 4.2, p <.05) on the Schuh—
Stitzer questionnaire (varenicline < placebo).

Medication Compliance
Urine toxicology testing on study Days 7, 21, and 35 suggested a
high rate of medication compliance for those randomized to
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Figure 3. Mean subjective ratings on items in which significant group

differences were observed following the first lapse cigarette exposure.
Error bars represent SEM.

receive varenicline. All samples tested had measurable amounts
of varenicline but considerable variability within and across
participants was noted. Mean (SD) concentrations of urinary
varenicline were 371 ng/ml (263) on Day 7, 1,017 (1,052) on
Day 21, and 570 (612) on Day 35.

Relapse Prevention

The current study used a prospective between-subjects design
to demonstrate the relapse prevention effects of varenicline
following experimental exposure to a smoking lapse. Vareni-
cline slowed rates of relapse (Figure 1), reduced objective bio-
markers of smoking (Figure 2), and improved rates of abstinence
at 4-weeks postlapse (Table 2) in this short-term model of
smoking cessation, lapse, and relapse. The percentage of partici-
pants remaining continuously abstinent (COT verified) at the
end of the 4-week quit attempt was 40% for the varenicline
group versus 14% in the placebo group. These rates are remark-
ably similar to abstinence rates produced in much lengthier
clinical trials of varenicline as a smoking cessation aid (Gonzales
et al., 2006; Jorenby et al., 2006; Oncken et al., 2006). While the
similarity in quit rates between the current study and previous
reports may be simply coincidental, this observation lends
credence to the validity of short-term models of cessation and
relapse as tools to evaluate and predict clinical effects of smoking
cessation medications.

Patterson et al. (2009) reported a similar relapse prevention
effect of varenicline using an experimental model very similar to
the one used here. In the present study, time to the first smoking
episode following the experimental lapse exposure was about six
days for placebo versus 14 days for varenicline (Table 2). These
times are longer than those observed in the Patterson study,
which were 2.6 versus 4.6 days for placebo and varenicline,
respectively (among those receiving placebo first followed by
varenicline). However, the magnitude of the varenicline effect
on relapse delay is roughly comparable across the studies,
specifically a doubling in the time to relapse. Longer latencies
to relapse in the present study are likely due to differences in
the amount of abstinence-contingent payments, as well as the
decelerating schedule of payments, which promoted early ab-
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Figure4. Behavioral economic demand curves derived from the CPT.
Note the double logarithmic coordinates. Data points show the median
number of cigarettes purchased for each group at each price prior to
(study Day 1, upper panel) and after (study Day 7, lower panel) medication
induction. Note that a single demand curve provided a good fit to both
datasets on study Day 1 but significant group differences required
separate curves for each group on study Day 7.

stinence during the quit attempt. Also, there were differences in
the expected duration of the quit attempt (1 week vs. 4 weeks),
which may have influenced relapse likelihood. In contrast,
Perkins et al. (2010) found no differences in abstinence out-
comes during a short-term 5-day quit attempt. Again, this may
be due in part to differences in abstinence-contingent payment
conditions (half the participants in Perkins et al. [2010] study
did not receive abstinence-contingent payments and the
remainder received $12 per day for meeting abstinence criteria)
and/or the expected abstinence durations. These differences in
magnitude and sensitivity suggest that the longer abstinence
duration and/or the decelerating payment schedule used in the
present study may be beneficial for magnifying varenicline’s
effects on latency to relapse in short-term models of cessation.

Smoking Reward

The present study found that varenicline significantly reduced
scores on subjective report items reflecting positive (liked,
stimulated, and buzzed) and negative (dizzy and nauseous)
effects of smoking during a period of abstinence and also
seemed to attenuate ratings of some sensory aspects of smoking
(smell, chest and throat sensations) that could operate as
secondary or conditioned reinforcers associated with smok-
ing. These findings replicate and extend previous reports of
varenicline-induced reductions in subjective measures of
smoking reward (e.g., cigarette liking and satisfaction) obtained
both in clinical trials (Gonzales et al., 2006; Jorenby et al., 2006;
Oncken et al., 2006) and laboratory studies (Patterson et al., 2009;
Perkins et al., 2010).

An important advance in the understanding of varenicline’s
effects on smoking reward was provided by the CPT, a task that
models cigarette consumption at very low cigarette prices and at
a range of higher prices. The data indicate that varenicline
increased demand elasticity relative to placebo, producing a
steeper decline in the number of cigarettes purchased at higher
prices but not at lower prices. This pattern of results (increased
elasticity but not intensity) on the CPT could suggest that vare-
nicline’s effects on smoking reward become more apparent
under conditions where there are higher costs associated with
smoking. In the present study, for example, participants relin-
quished monetary incentives if they returned to smoking during
the first week of the postlapse quit attempt. However, this study
did not directly test that hypothesis, and future studies should
explore the relationship between varenicline and relative costs
associated with smoking versus abstinence. Another possible
explanation for the CPT results is that the smoker becomes,
generally, more sensitive to price for any commodity, which
could also be tested by including other choice options besides
cigarettes in future studies. Interestingly, a recent study showed
that bupropion had no effect on demand elasticity or demand
intensity for cigarettes (Madden & Kalman, 2010), which sug-
gests that this effect may be unique to varenicline.

In contrast to the CPT, differential medication effects were
not observed for the PRT. This was surprising because PRT has
been sensitive to reductions in smoking reward in our laboratory
and others in prior studies (e.g., Donny et al., 2007). Significant
reductions in responding from study Day 1 to study Day 7 were
observed in both groups; therefore it is possible that partici-
pants were disinclined to smoke on study Day 7 because the quit
attempt began immediately after that session. The motivation to
abstain on that day may have minimized group differences in
smoking reward that could have been obtained with the PRT on
another study day. It is also possible that results reflect a greater
overall sensitivity of the CPT (hypothetical cigarette consump-
tion) versus the PRT (actual cigarette consumption and work
requirement) in measuring smoking reward. Demand curves
from the CPT also yield quantitative rather than dichotomous
assessments from the PRT at each price, possibly related to
increased sensitivity for the CPT. Additional research assessing
the relative sensitivity of these and other measures of drug
reward would be valuable.

Lapse and Relapse

Although there is a strong clinical connection between lapse and
relapse in smoking cessation trials (see Brandon et al., 1990;
Kenford et al., 1994; Shiffman et al., 2006), the mechanisms
behind this association have remained obscure. The importance
of reexposure to nicotine has been emphasized in nonhuman
models of smoking relapse because, in these models, drug reex-
posure directly increases the probability of drug seeking and
nicotine self-administration (Le et al., 2006; Martin-Garcia,
Barbano, Galeote, & Maldonado, 2009; Shaham, Adamson,
Grocki, & Corrigall, 1997; Shram, Funk, Li, & Le, 2008). The use
of an experimentally programmed smoking lapse in the present
human study is meant to simulate the nonhuman priming
model. The fact that reexposure to smoking has been shown to
facilitate or speed subsequent relapse (Juliano, Donny, et al.,
2006) lends credence to the experimental lapse procedure as
a model of the clinical association between lapse and relapse.
Further, the association between blunted subjective effects
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of smoking and subsequent delay to relapse suggests that the
former may be a mediating mechanism of the behavioral effect.
Varenicline appears to reliably diminish the rewarding effects of
cigarettes, which is consistent with its neurological actions when
smoking occurs. Partial agonists of 0432 nACh receptors, such
as varenicline, seem to exert antagonistic properties during
smoking that serve to decrease the rewarding effects of smoking,
making relapse far less likely (Rollema et al., 2007). This effect,
along with the agonist properties that reduce craving and with-
drawal during abstinence, is unique relative to other smoking
cessation medications (Rollema et al.,, 2007) and is a likely
mechanism by which varenicline can blunt the powerful chain
between lapse exposure and relapse. Altering smoking reward
has not been reliably demonstrated with other smoking cessa-
tion medications, such as bupropion (West et al., 2008), and in
multiple studies using nicotine replacement therapy prior to a
quitattempt (Lindson & Aveyard, 2011). Future research should
continue to examine the lapse-relapse connection including
its neuronal and subjective mediators and its modulation by
medication.

Strengths and Limitations

The present study has many strengths including the prospective
between-subjects design, random assignment, blind dosing,
experimental manipulation of the smoking lapse, a 4-week
postlapse quit attempt in which smoking status was determined,
and use of a decelerating schedule of abstinence-contingent
payments that may aptly model the declining motivation to re-
main abstinent during a prolonged quit attempt. Urine toxicol-
ogy testing indicated excellent medication compliance by
participants in this study. However, because the half-life of var-
enicline in urine is approximately 24 hr (Faessel et al., 2010), we
were unable to differentiate diligent medication compliance
throughout the study with more sporadic adherence. That said,
participants were not told which specimens would be tested for
varenicline, and there was no financial incentive placed on
medication compliance that would have encouraged participants
to misrepresent their medication use on these days.

Limitations of the study include testing medication effects
on lapse exposure after a relatively short, 1-week induction
period and a relatively short (24 hr) period of abstinence prior to
the lapse exposure. As compared with 3 or 4-day prelapse absti-
nence periods used in previous studies (Juliano, Donny, et al.,
2006; Patterson et al., 2009), the shorter 24-hr abstinence period
was used in the current study in an attempt to reduce self-selection
bias and increase generality of findings by maximizing the number
of participants who could meet the initial abstinence criteria
prior to the lapse exposure. We nonetheless experienced high
dropout and abstinence failure rate, with 55% of those who were
randomized to a medication condition failing to complete the
study and/or be included in final data analysis due to failure to
abstain for 24 hr. Thus, high rates of attrition were a limitation of
this study. The fact that early dropout rate was higher in partici-
pants randomized to placebo versus varenicline suggests that
medication side effects were not the reason for study dropout,
but rather active medication was beneficial in retaining partici-
pants through the early stages of the study, when visits were
longer and more effort was required. Since most participants
were unreachable after missed visits, our ability to draw conclu-
sions from high study attrition is limited. Future studies using
this lapse model with nontreatment seeking smokers should
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consider additional refinements in monitoring or payment
schedules to reduce dropout and increase compliance with initial
abstinence requirements that occur prior to the lapse exposure.

A further limitation is that the use of abstinence-contingent
payments during the first week of the postlapse quit attempt
may have impacted relapse rates and patterns, producing
relapse curves that may differ from those in clinical samples. In
addition, the fact that varenicline did not reliably alter craving
or withdrawal symptoms in this study is puzzling and dissimilar
from findings in previous research (Brandon et al., 2011;
Gonzales et al., 2006; Jorenby et al., 2006; Oncken et al., 2006;
Patterson et al., 2009; Perkins et al., 2010; West et al., 2008). Finally,
although the CPT provided orderly data and showed sensitivity
to the experimental design, it is unknown whether the same
results would be found with a CPT using a different set of prices.

Conclusions

Varenicline delayed relapse to smoking and increased rates of
abstinence following exposure to a simulated smoking lapse
delivered under controlled conditions. The study also showed
that varenicline blunted the subjective effects of smoking (positive,
negative and sensory) during the programmed smoking lapse,
as well as increased sensitivity to price during a hypothetical
cigarette purchase task. Overall, the findings support a relapse
prevention effect for varenicline and suggest that varenicline is
effective at least in part due to its ability to reduce the rewarding
effects of smoking during postquit lapses.
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