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Abstract

Aims—Within a parent study examining ovarian hormone effects on smoking cessation in
women, we conducted an exploratory short-term trial of varenicline versus transdermal nicotine
patch.

Design—Double-blind double-dummy randomized trial.
Setting—Single-site outpatient research clinic in the United States.

Participants—Female smokers, ages 18-45 and averaging =10 cigarettes per day for at least 6
months (N=140).

Interventions—~Participants were randomized to receive a four-week course of (a) varenicline
tablets and placebo patches (n=67), or (b) placebo tablets and nicotine patches (n=73). Two brief
cessation counseling sessions were provided for all participants.

Measurements—The outcome of primary clinical interest was two-week end-of-treatment
abstinence. Secondary outcomes included one- and four-week end-of treatment abstinence and
abstinence at a post-treatment follow-up visit occurring four weeks after treatment conclusion.
Breath carbon monoxide (<10 parts per million) was used to confirm biochemically self-reported
abstinence.
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Findings—Two-week end-of-treatment abstinence was achieved by 37.3% (25/67) of varenicline
participants and by 17.8% (13/73) of nicotine patch participants (odds ratio [OR] (95% confidence
interval [CI]) 2.7 (1.3-6.0), p=0.011). One-week (44.8% vs 20.6%, OR 3.1 (1.5-6.6), p=0.003) and
four-week (22.4% vs 9.6%, OR 2.7 (1.0-7.2), p=0.043) end-of-treatment abstinence similarly
favored varenicline, though post-treatment follow-up Russell Standard abstinence was not
significantly different between groups (23.9% vs 13.7%, OR 2.0 (0.8-4.7), p=0.126).

Conclusion—In an exploratory four-week head-to-head trial in female smokers, varenicline,
compared with nicotine patch, more than doubled the odds of end-of-treatment abstinence,
although this diminished somewhat at post-treatment follow-up.
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Introduction

Despite significant advances in prevention and treatment, cigarette smoking remains the
leading cause of preventable death in the United States (US) and the world (1,2).
Pharmacotherapies have been among the most important advances in smoking cessation
treatment, but the lack of head-to-head trials limits the ability to compare efficacy across
medications, leading researchers and clinicians to rely on indirect comparisons across
studies with heterogeneous methodologies.

Varenicline (VAR) and transdermal nicotine patch (TNP) are both established US Food and
Drug Administration (FDA) approved smoking cessation pharmacotherapies. However, no
head-to-head trials comparing these medications have employed double-blind methods, and
only two open-label efficacy comparison trials have been published. One (n=746) yielded
superior end-of-treatment outcomes with VAR versus TNP (Odds Ratio [OR] 1.70) (3) and
the other (n=272) yielded statistically equivalent outcomes between treatment groups (4). A
number of effectiveness comparisons have been conducted, with VAR generally yielding
superior abstinence outcomes when compared to single NRT (e.g., patch, gum, lozenge,
inhaler; OR ranging 1.8-2.0), but more modest advantage when compared to combined NRT
(OR ranging 1.1-1.3) (5-9). A recent network meta-analysis concluded that VAR is superior
to single NRT (OR=1.5) but not combined NRT (OR 1.1) (10).

In light of the aforementioned prior findings, and given the need for smoking-related
research focused on females (11), we sought, within a parent study evaluating ovarian
hormone effects on smoking cessation (12), to compare the short-term efficacy of VAR
versus TNP in female smokers. We incorporated a double-blind, double-dummy design for
enhanced methodological rigor, and hypothesized that women receiving VAR would have
higher rates of abstinence than those receiving TNP.
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Treatment-seeking female smokers were randomized, in 1:1 parallel group allocation, to
receive a double-blind, double-dummy, four-week course of (a) varenicline (VAR) tablets
and placebo patches, or (b) placebo tablets and nicotine patches (TNP). Post-treatment
follow-up occurred four weeks after treatment conclusion. Smoking self-report (cigarettes
per day) was logged by participants and confirmed via Timeline Follow-Back procedures
(TLFB) (13) at all visits. Breath carbon monoxide (CO; <10 parts per million) was used for
biochemical verification of abstinence. These procedures were conducted as part of a parent
study, in which plasma progesterone and estradiol levels were obtained at baseline and
weekly throughout the cessation pharmacotherapy trial, to examine ovarian hormone
influences on abstinence (12). All clinical procedures were conducted in a research clinic at
the Medical University of South Carolina (MUSC) in Charleston, South Carolina, USA, and
approved by the MUSC Institutional Review Board.

To enroll in the study, women were required to (a) be 18 to 45 years old, (b) smoke at least
an average of 10 cigarettes per day for at least 6 months, with desire to quit, (c) be post-
menarcheal and premenopausal and have regular menstrual cycles between 25 and 35 days
(for investigation of ovarian hormone influence on smoking outcomes), (d) not take
hormonal contraceptives, (€) lack current comorbid substance use disorders, (f) have no
acutely unstable psychiatric or medical illness, and (g) lack history of adverse reaction to
VAR or TNP. Recruitment occurred primarily through community media and clinical
referrals. If an initial telephone screen suggested potential eligibility, individuals were
scheduled for an informed consent and baseline assessment visit. After a complete
description of the study, written participant consent was obtained before initiation of any
assessments or procedures. Participants were compensated for time and effort involved in
study participation.

Study Procedures

Screening—All procedures were conducted in the university research clinic. At the
screening visit, comprehensive psychiatric and substance use diagnostic assessment (14,15),
physical examination, and laboratory testing (complete blood count, comprehensive
metabolic panel, urine pregnancy test, and urine drug test) were performed. Participants
completed general demographic and smoking history questionnaires, as well as the
Fagerstrom Test for Nicotine Dependence (FTND) and the Questionnaire on Smoking Urges
(QSU) (16,17).

Medication Trial—Eligible participants were enrolled in the study and returned one to two
weeks following the screening visit for double-blind randomization to receive either VAR or
TNP. The university investigational pharmacy conducted 1:1 allocation block randomization
(block size = 6) and medication dispensing. All research team members were blind to the
randomization sequence and individual participant assignments. At the participant level,
medication was received at weekly dispensation visits, with standard packaging bearing no
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indication of active versus placebo assignment. The target quit date (TQD) was set for one
week following randomization, and the treatment phase lasted for a total of four weeks
beyond the TQD. Participants were seen in clinic weekly during the four-week medication
trial and returned for post-treatment follow-up four weeks after treatment conclusion. At all
visits, the study physician or physician assistant provided medication management.

Interventions

Outcomes

Medication—Enrolled participants were randomized to double-blind treatment assignment
(VAR versus TNP). Double-dummy procedures were used, so that VAR participants
received placebo patches, and TNP participants received placebo tablets. VAR/placebo
tablets were titrated during the week prior to the TQD (0.5 mg daily on days -7 through -5
and 0.5 mg twice daily on days -4 through - 1), with goal dosing (1 mg twice daily)
thereafter. Nicotine/placebo patches were started at 21 mg daily on the TQD. Medication
dose reduction or discontinuation was available if indicated in the context of medication
management. VRN and matched placebo tablets were supplied by Pfizer, Inc. Nicotine
patches (Nicoderm CQ brand) were purchased from GlaxoSmithKline, and matched placebo
patches (designed to appear identical to active Nicoderm CQ patches) were purchased from
Rejuvenation Labs, Inc.

Cessation Counseling—All participants received two formal cessation counseling
sessions, each lasting about 30 minutes. The first, conducted prior to medication initiation,
included sharing and reviewing the National Cancer Institute brochure Clearing the Air, as
well as planning for the upcoming target quit date. The second session, conducted on the
TQD, focused on strategies for relapse prevention. The remainder of cessation counseling
during active treatment was informal and brief, occurring in the context of medication
management. At the conclusion of active treatment, participants were offered referral for
ongoing cessation counseling (e.g., state quitline).

Efficacy—In order to maximize power and gain clear understanding of potential efficacy
difference at the end of active treatment, the efficacy outcome of primary clinical interest
was CO-verified self-reported two-week end-of-treatment abstinence. Secondary measures
of interest included one- and four-week end-of-treatment abstinence, as well as one-week
and continuous abstinence at the post-treatment follow-up visit. Per the initial study
protocol, times to smoking lapse and relapse were analyzed, with lapse defined as the first
self-reported smoking day following the TQD and smoking relapse defined as the first of
three or more consecutive days of self-reported smoking following the TQD.

Safety/Tolerability—A thorough safety evaluation was conducted at each clinic visit: (a)
physician or physician assistant evaluation of adverse events via open-ended interview and
comprehensive, structured review of systems, (b) suicide ideation and risk assessment (18),
(c) urine pregnancy testing, and (d) vital signs measurement.
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Statistical Analyses

Sample Size Determination—The study sample size was determined via power analysis
focused on the parent study's goal of assessing ovarian hormone influence on smoking
cessation (12). Power for detection of VAR versus TNP efficacy outcomes was not formally
assessed, though the sample size attained was sufficiently powered to detect a doubling of
abstinence rates (i.e., 20% for TNP and 40% for VAR).

Analysis of Smoking Outcomes—Abstinence from smoking was assessed by self-
report and weekly CO measurements. An intent-to-treat (ITT) approach (including all
randomized participants) was used, with those lost to follow-up or missing study visits
coded as having continued to smoke. A Wilcoxon rank sum test was used to evaluate
continuous baseline demographic and clinical measures between groups while the normal
Pearson chi-square test was used to assess the relationship for categorical and ordinal
variables. The efficacy of VAR versus TNP was analyzed over four weeks of treatment and
at the post-treatment follow-up visit. Time naive logistic regression models were used to
assess the primary end point of two-week end-of-treatment abstinence. Similar models were
used to evaluate secondary end points, including one- and four-week endof-treatment
abstinence as well as one-week abstinence at the post-treatment follow-up visit. An
additional method of measuring efficacy outcomes in smoking cessation trials is the Russell
Standard (RS) (19). RS abstinence is operationally defined as reporting no more than five
(5) cigarettes smoked between the TQD and the post-treatment follow-up visit, with a <10
ppm CO reading at the follow-up visit. This method allows for periodically missing self-
report or weekly visit data without the assumption of relapse. This method is more rigorous
in definition than one-week abstinence at the post-treatment follow-up, yet less strict than
traditional continuous abstinence measures. Additionally, per the study protocol's intent,
times to first lapse and relapse were analyzed using a Cox proportional hazards regression
model with the baseline time set as the TQD. Data were determined to conform to the
assumption of proportional hazards.

Covariate adjusted models were adjusted for baseline smoking characteristics and
demographic data shown in Table 1. Covariate adjusted analysis were performed to account
for any baseline smoking characteristics that could possibly be related to the smoking
efficacy outcomes of interest (20). Given missing baseline covariate data on some
participants, adjusted analysis was completed on multiply imputed data sets (m=50) using
the MCMC algorithm (SAS PROC MI) to avoid biased estimates (21,22). Missing covariate
data were assumed to be arbitrarily missing at random. Pooled estimates of the odds ratios
(OR) and associated 95% confidence intervals (Cl) are presented (PROC MIANALYZE).

A sensitivity analysis of the effect of missing response data on the parameter estimates was
performed comparing the stated ITT analysis with a completers analysis approach that
analyzed the data “as-is” with no imputation for missing smoking data. Study participation
rates at various time points and overall adverse event rates were compared between
treatment groups using Pearson's Chi-Square test statistic. All statistical analyses were
conducted using SAS, version 9.3 (SAS Institute, Cary, N.C.).
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Participant Characteristics

Efficacy

Of the 184 individuals screened, 33 failed to meet study inclusion criteria. Of the remaining
151 participants, 141 were randomized to receive either VAR (n=68) or TNP (n=73)
(Figure 1). One participant randomized to VAR failed to return for medication (ITT
analysis data: VAR, n=67 and TNP, n=73). The TQD visit was attended by 83% (116/140)
of randomized participants (VAR, 78% (52/67) and TNP 84% (61/73), (p=0.375)). The end-
of-treatment visit was attended by 63% (88/140) of randomized study participants
(completers analysis data: VAR, n=47 (70%) and TNP, n=41 (56%); p=0.089). The post-
treatment follow-up visit was attended by 41% (58/140) of randomized participants (Follow
up analysis data: VAR, n=32 (48%) and TNP, n=26 (36%); p=0.110).

Baseline demographic and clinical characteristics of the participants by treatment
assignment are presented in Table 1. The sample was predominately Caucasian (79%) and
had some education beyond high school (62%). Participants, on average, had been smoking
for nearly 14 years and averaged 17 cigarettes per day in the 90 days prior to study entry.
There were no between group differences in any measured baseline demographic or clinical
variables.

Rates of abstinence over time are presented in Figure 2 (ITT sample, with non-abstinence
assumed for all missed visits). VAR participants, compared to TNP participants, had greater
than twice the odds of abstinence during the final two weeks of treatment (unadjusted and
adjusted; Table 2). Assessment of secondary endpoints of treatment efficacy yielded similar
magnitudes of estimates. During the final week of treatment, VAR participants had greater
than three times the odds of abstinence as compared to TNP participants and similar odds of
abstinence were observed over the final four weeks of active study treatment. During the
week preceding the post-treatment follow-up visit, 22.4% of VAR participants were
abstinent, compared to only 13.7% of TNP participants. RS abstinence measured at the post-
treatment follow-up visit showed similar abstinence proportions; 23.9% (16/67) of VAR
participants were RS abstinent, compared to only 13.7% (10/73) of TNP participants. Lastly,
the two treatment groups did not differ on time to first lapse (HR=0.86 (0.60-1.23); p=0.411)
or time to first relapse (HR=0.81 (0.45-1.44); p=0.470).

Sensitivity Analysis

Logistic regression analysis of the completer data revealed a similar magnitude and direction
of the effect as in the ITT analysis, favoring VAR over TNP for two-week end-of-treatment
abstinence (OR = 2.5 (1.0-5.9)). The secondary endpoints of abstinence results using the
per-protocol analysis also showed similar effect directions and magnitudes as in the ITT
analysis (one-week end-of-treatment abstinence OR = 3.1 (1.3-7.3); four-week end-of-
treatment abstinence OR = 2.3 (0.8-6.3); one-week post-treatment follow-up abstinence OR
= 1.4 (0.5-4.0)).
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Post-Hoc Power Analysis

Comparison of VAR versus TNP efficacy was an exploratory endeavor within a parent study
formally powered on another outcome. While significant between-group differences were
noted in end-of-treatment abstinence outcomes, the study follow-up outcomes were
statistically insignificant. Thus, it was deemed appropriate to conduct a post-hoc analysis to
determine the study's power to detect differences in abstinence at the follow-up visit. Given
the observed differences between treatment groups at that visit (22.4% versus 13.7%) and
the sample size attained, the post-hoc power to determine such a difference (1 — beta) is 0.30
(with alpha=0.05). The study therefore had a 30% probability of detecting this observed
difference at the post-treatment follow-up visit. Thus, the sample size was not adequate to
detect an effect of this magnitude, if it exists.

Safety/Tolerability

Adverse events are summarized in Table 3. The most commonly reported adverse events
included gastrointestinal discomfort, vivid dreams, and nausea. Two FDA-defined serious
adverse events (in this case, defined as such due to the need for emergent medical
intervention) occurred (both in the same TNP group participant): skin irritation (generalized
rash not near the patch site) and fever, both of which resolved with medical intervention
prior to study completion and were deemed unlikely to be related to study medication (23).
Adverse events in both TNP and VAR groups were generally mild with no action required.
Discontinuation of medication was necessary for 6 participants (3 from each medication
arm), who experienced a total of 13 adverse events (many concurrently) that led to the
clinical decision to discontinue. A small percentage of events were considered “definitely
related” (2% in the TNP group, and 0 in the VAR group). No participants reported suicide
ideation or clinically significant suicide risk during study participation. Vital signs did not
change significantly over the course of treatment in either group.

Discussion

Evaluation of medication efficacy is strengthened by direct trials, using rigorous methods.
Although the current study was not a full-course clinical trial, and was an opportunistic
exploration within a parent study of ovarian hormone influences on abstinence, we believe
this is the first double-blind randomized trial of VAR versus TNP for smoking cessation.
VAR, compared to TNP, more than doubled the odds of abstinence at the end of four-week
treatment among female smokers, though abstinence outcomes were not statistically
significant at the post-treatment follow-up visit. These findings suggest that VAR may be
preferred over TNP, at least in the first four weeks of treatment, for women wishing to quit
smoking.

The magnitude of the between-group abstinence difference was greater in this trial than in
prior open-label trials of VAR versus TNP that included both male and female participants
(3,4). However, the absolute abstinence rates at the four-week mark were lower in both
groups than in the aforementioned studies. While it may be tempting to infer gender
differences from these discrepancies, comparisons at this stage are indirect, and future
gender x treatment trials, with appropriate power to detect interaction effects, are needed.
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Prior work does suggest that men are more responsive to NRT than women (24). In contrast,
the initial VAR efficacy trials did not demonstrate gender differences in treatment response
(25,26), and a recent VAR versus combined NRT effectiveness study did not yield gender
differences in response to either treatment (5). These discrepancies suggest that more
systematic study of the influence of gender on cessation outcome is warranted.

While this study's double-blind approach is a significant strength, findings should also be
interpreted in light of several limitations. The parent study was designed and powered to
detect ovarian hormone, rather than VAR versus TNP treatment, effects on smoking
cessation. The trial may have thus been underpowered for formal VAR versus TNP efficacy
comparison. Additionally, treatment lasted only four weeks, notably shorter than the
standard course for either medication (twelve weeks for VAR and eight weeks for TNP).
This compromised the potential to detect longer-term treatment response and limited
comparison with other studies employing longer courses of treatment. Additionally,
participant dropout, while not significantly different between groups, likely affected the
magnitude of ITT response to both treatments.

The present findings provide a significant, novel contribution to the literature on
comparative efficacy of smoking cessation pharmacotherapies, with particular relevance for
female smokers, who may bear a disproportionate disease burden from cigarette smoking
(27). More double-blind head-to-head trials of smoking cessation pharmacotherapies,
designed and powered to prospectively assess gender differences and to examine gender
specific variation in treatment response to different cessation interventions, are needed to
inform clinical practice.
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CONSORT diagram of participant flow through study procedures. LTF=Lost to Follow-up
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Figure 2.

Proportions of participants abstinent at each weekly visit (since the prior weekly visit;
intent-to-treat with non-abstinence assumed at each missed visit).
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Table 1

Demographics and baseline smoking characteristics overall and by treatment assignment.

Characteristics Treatment Assignment

Overall n=140 Nicotine Patch n=73  Varenicline n=67

Demographics

Age; years (SD) 31.9(7.7) 33.0(7.4)
% Caucasian (n) 78.6 (110) 78.1 (57)
Education

% High School or Less 30.0 (42) 31.5(23)

% Some College 39.3 (55) 39.7 (29)

% College or Beyond 30.7 (43) 28.8 (21)
Marital Status!

% Never Married 38.1(53) 31.9(23)

% Married 35.3 (49) 33.3(24)

% Separated/Divorced 26.6 (37) 34.7 (25)

Smoking Characteristics

Cigarettes per day (SD)* 17.0(7.1) 17.0 (6.5)
Years Smoking (SD)T 135(7.8) 14.1(7.7)
Age became regular smoker (SD) 17.3 (4.0) 17.7 (4.3)
>24-Hour Quit Attempts (SD)A 31(34) 31(396)
Last quit attempt; years (SD) 2.4 (3.9) 22(3.2)
% Living with a smoker (n) 52.1(73) 60.3 (44)
Carbon Monoxide (CO), ppm (SD) 12.3(7.6) 12.8 (7.6)
Fagerstrom Test for Nicotine Dependence (FTND) (SD)1C 50(23) 52(23)
Questionnaire of Smoking Urges (QSU) (SD)# 40(14) 41(14)

Factor 1 5.0(1.6) 5.0(1.7)

Factor 2 3.1(1.4) 3.1(15)

30.7 (7.9)
79.1 (53)

28.4 (19)
38.8 (26)
32.8(22)

44.8 (30)
37.3 (25)
17.9 (12)

16.9 (7.7)
13.0 (7.9)

17.0 (3.6)
3.1(3.3)

2.7 (4.5)
46.3 (31)
11.7 (7.6)
48(2.3)

40(13)

5.0 (1.6)
3.0 (1.3)

Page 13

Continuous data are shown as means and associated standard deviations (SD) and categorical data are shown as percent (n). There was no statistical

evidence of imbalances in the distributions of demographic variables or smoking characteristics between treatment groups (all p>0.05).

!Data on marital status missing for 1 participant from the TNP group.

*Data on cigarettes per day missing for 3 participants (2 VAR, 1 TNP).

TData on years of regular smoking missing for 2 participants (1 VAR, 1 TNP).
AData on years since last quit attempt missing for 17 participants (6 VAR, 11 TNP).
iData on FTND missing for 10 participants (3 VAR, 7 TNP).

#Data on QSU missing for 11 participants (4 VAR, & TNP).
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