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Context: Little direct evidence exists on the relative ef-

ficacies of different smoking cessation pharmacotherapies, yet such evidence is needed to make informed decisions about their clinical use.
Objective: To assess the relative efficacies of 5 smok-

ing cessation pharmacotherapy interventions using placebo-controlled, head-to-head comparisons.
Design: A randomized, double-blind, placebocontrolled clinical trial.
Setting: Two urban research sites.
Patients: One thousand five hundred four adults who
smoked at least 10 cigarettes per day during the past 6
months and reported being motivated to quit smoking.
Participants were excluded if they reported using any form
of tobacco other than cigarettes; current use of bupropion; having a current psychosis or schizophrenia diagnosis; or having medical contraindications for any of the
study medications.

tine lozenge, bupropion plus nicotine lozenge, or placebo. In addition, all participants received 6 individual
counseling sessions.
Main Outcome Measures: Biochemically confirmed
7-day point-prevalence abstinence assessed at 1 week after the quit date (postquit), end of treatment (8 weeks
postquit), and 6 months postquit. Other outcomes were
initial cessation, number of days to lapse, number of days
to relapse, and latency to relapse after the first lapse.
Results: All pharmacotherapies differed from placebo
when examined without protection for multiple comparisons (odds ratios, 1.63-2.34). With such protection, only the nicotine patch plus nicotine lozenge (odds
ratio, 2.34, P⬍ .001) produced significantly higher abstinence rates at 6-month postquit than did placebo.

Interventions: Participants were randomized to 1 of 6

Conclusion: While the nicotine lozenge, bupropion, and
bupropion plus lozenge produced effects that were comparable with those reported in previous research, the nicotine patch plus lozenge produced the greatest benefit relative to placebo for smoking cessation.

treatment conditions: nicotine lozenge, nicotine patch,
sustained-release bupropion, nicotine patch plus nico-
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ANY SMOKERS HAVE

successfully quit using
a variety of smoking
cessation pharmacotherapies, yet there is
little direct evidence on the relative efficacies of these different pharmacotherapies. Without such evidence clinicians and
smokers lack a strong empirical basis for
recommending or selecting among them.
We report data on the efficacies of 5 different smoking cessation pharmacotherapies. This research also evaluates the efficacy of the nicotine lozenge, providing
additional information on a treatment that
has been supported by only 1 placebocontrolled study published to date. Finally, this research evaluates 2 different
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medication combinations, one of which (ie,
the nicotine patch plus nicotine lozenge)
has not been previously evaluated.
There is a great deal of evidence that
smoking cessation medications increase the
success of attempts to quit smoking.1-4 The
2008 Update to the Public Health Service
(PHS) Treating Tobacco Use and Dependence Clinical Practice Guideline found that
5 nicotine replacement therapies (NRTs)
and 2 non–nicotine replacement first-line
pharmacotherapies (sustained-release bupropion [bupropion SR] and varenicline) reliably increase abstinence rates relative to
a placebo control.1 However, less is known
about the relative efficacies of these medications. This limitation is due, in part, to a
lack of clinical trials that provide head-to-
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head comparisons of different pharmacotherapies within
the same study. Cessation studies of individual medications differ in myriad respects, which makes it difficult to
gauge effectiveness across treatments, even when the individual studies contain a placebo control for the medication. Meta-analyses that attempt to account for interstudy
differences may yield conclusions that conflict markedly
with large-scale head-to-head trials.5 Without evidence based
on head-to-head comparisons, clinicians and smokers lack
a strong empirical basis for recommending or selecting from
the available smoking cessation medications. Finally, the
small number of studies offering head-to-head comparisons yield some conflicting evidence.6,7
Five pharmacotherapies were selected for comparison in this placebo-controlled trial: nicotine lozenge,
nicotine patch, bupropion, nicotine patch plus nicotine
lozenge, and bupropion plus nicotine lozenge.1 These
therapies were selected for several reasons. The nicotine
lozenge was selected because there was limited evidence
regarding its efficacy. The 2008 PHS Guideline Update
identified only 1 randomized placebo-controlled trial
that evaluated the lozenge and thus gave the lozenge a
B-level strength-of-evidence rating. The single placebocontrolled trial on the lozenge suggests that it is both
acceptable to smokers and highly efficacious.8
The nicotine patch was included in this study because it is the most commonly used pharmacotherapy for
smoking cessation.6,9,10 Given that so many smokers use
the nicotine patch, it is important to determine the efficacy of other agents relative to the patch. Finally, it is
important to examine the efficacy of the patch because
recent data suggest that patch efficacy may have declined over the past 5 to 10 years.11-13
Bupropion SR was selected because there is modest
evidence that it may be more efficacious than the nicotine patch.11,14 Also, bupropion has never been directly
compared with the nicotine lozenge. Finally, smokers
could be encouraged to seek out this prescribed agent,
and insurers and health care systems could be encouraged to make this treatment more widely available, if it
could be demonstrated that bupropion is more efficacious than over-the-counter medication (eg, the nicotine patch or lozenge).
In addition to the 3 monotherapies, we tested 2 combination therapies. Research has generally supported
the efficacy of NRT combinations. The 2008 PHS
Guideline identified long-term (⬎14 weeks) nicotine
patch use paired with either nicotine gum or nicotine
nasal spray as efficacious relative to placebo and relative
to the nicotine patch alone.1 A recent Cochrane metaanalysis also found that the nicotine patch plus fastacting NRT was more effective than monotherapy.2
Combination NRT could be superior to monotherapy
for several reasons. For instance, the use of 2 NRTs
might produce more adequate nicotine replacement (ie,
higher blood nicotine levels 15 ) than a single NRT,
though high-dose nicotine patches have not been
shown to produce higher abstinence rates than
standard-dose patches on a consistent basis.1,2 Another
possibility is that each type of agent works through a
different mechanism, so that having 2 types produces
additive effects. The patch, for instance, produces a

steady supply of nicotine to prevent severe nicotine
withdrawal, and ad libitum NRTs (gum and lozenges)
provide a means for coping with situational challenges
and transient urges to smoke.15,16
The combination of bupropion and the nicotine lozenge was also examined because of promising initial results with the nicotine lozenge as a monotherapy.17 Also,
the combination of the nicotine patch with bupropion
was found to be highly efficacious in the 2008 PHS Guideline meta-analysis (odds ratio [OR], 2.5).1 It is possible
that an NRT that permits ad libitum dosing would produce even better outcomes.
The current research evaluated the 5 pharmacotherapy interventions on a range of outcome indices,
including 6-month 7-day point-prevalence quit rate, a
traditional standard for assessing efficacy of smoking
cessation interventions.1 This research also determined
whether the medications were efficacious in helping a
smoker achieve early success (ie, being able to quit for
a week following the quit date) or any success at all
(ie, being able to establish abstinence for at least 1 day
during the first week of a quit attempt). In addition,
outcomes assessed whether different medications
increased the time to first lapse (the first cigarette
smoked after quitting) or the time to relapse (smoking
on 7 consecutive days following the quit day) or prevented a lapse from becoming a relapse. These different outcomes may help researchers understand the
mechanisms of action of different medications and
may be helpful in cessation counseling. For instance,
if a medication reduces the transition of a lapse to a
relapse,18 smokers could be urged to continue medication use despite lapsing.
In sum, this research attempted to gauge the relative
efficacies of widely available smoking cessation medications. The results were intended to permit more informed decisions about the selection and use of smoking cessation pharmacotherapies as a means of enhancing
treatment effectiveness.
METHODS

PARTICIPANTS
Participants were 1504 smokers (58% female, 83% white) who
agreed to participate in a 3-year smoking cessation (year 1) and
health outcomes (years 2 and 3) study conducted in Madison
and Milwaukee, Wisconsin (principal investigator, T.B.B.). Adult
smokers were recruited via television, radio, and newspaper advertisements; flyers; earned media, including press conferences; and television and radio news interviews from January
2005 to June 2007. Inclusion criteria included smoking more
than 9 cigarettes per day on average for at least the past 6 months,
having an alveolar carbon monoxide level greater than 9 ppm,
and being motivated to quit smoking. Exclusion criteria included using any form of tobacco other than cigarettes, currently taking bupropion, or having a current psychosis or schizophrenia diagnosis. In addition, participants were excluded if
they had medical contraindications for any of the study medications, including high alcohol consumption (6 drinks per day
on 6 or 7 days of the week), a history of seizure, high blood
pressure (⬎160/100 mm Hg), bipolar disorder, an eating disorder, a recent cardiac event, or allergies to any of the medi-
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8531 Responded to
recruitment efforts

2003 Could not be contacted
1259 Declined
2120 Failed the telephone screen

3149 Passed telephone screen

1502 Were excluded or
discontinued before
randomization
143 Withdrew before
randomization

1504 Randomized

262 Assigned to
nicotine patch

9 Withdrew during
treatment
3 Withdrew during
follow-up

260 Assigned to
nicotine lozenge

17 Withdrew during
treatment
5 Withdrew during
follow-up

267 Assigned to
nicotine
patch + lozenge

6 Withdrew during
treatment
3 Withdrew during
follow-up

264 Assigned to
bupropion SR

15 Withdrew during
treatment
5 Withdrew during
follow-up

262 Assigned to
bupropion SR +
lozenge

9 Withdrew during
treatment
3 Withdrew during
follow-up

189 Assigned to
placebo
37 Patch
36 Lozenge
41 Patch + lozenge
38 Bupropion
37 Bupropion +
lozenge

13 Withdrew during
treatment
2 Withdrew during
follow-up

Figure 1. Flowchart of participants from study recruitment through screening, randomization, and follow-up. SR indicates sustained release.

cations. Only 1 person per household could participate. Finally, pregnant or breastfeeding women were not eligible for
participation; eligible female participants had to agree to take
steps to prevent pregnancy during the medication treatment
phase of the study. All participants provided written informed
consent and the study was approved by the University of Wisconsin Health Sciences institutional review board.

PROCEDURES
Interested smokers telephoned a central research office and completed a telephone screen to determine eligibility. Participants
who passed the telephone screen were invited to an informational session where they provided written informed consent.
Next, participants completed 3 in-person baseline sessions. During the first baseline session, participants underwent further
screening, including collection of relevant medical history information, vital signs measurement, and a carbon monoxide
breath test. Additionally, at this visit, participants completed
several demographic, smoking history, and tobacco dependence questionnaires.
After additional medical assessments at 2 more baseline sessions (eg, brachial artery reactivity, carotid intima media thickness, and small-particle lipoprotein testing), participants were randomized to 1 of 6 treatment conditions: (1) bupropion SR (150
mg twice daily for 9 weeks total: 1 week prequit and 8 weeks
postquit [prequit and postquit refer, respectively, to the periods
prior to and following a patient’s targeted quit date]); (2) nicotine lozenge (2 or 4 mg based on appropriate dose-fordependence level per package instructions for 12 weeks postquit);
(3) nicotine patch (24-hour patch; 21, 14, and 7 mg; titrated down
during 8 weeks postquit); (4) nicotine patch (24-hour patch; 21,
14, and 7 mg; titrated down during 8 weeks postquit) plus nicotine lozenge (2 or 4 mg based on appropriate dose-for-

dependence level per package instructions for 12 weeks postquit)
combination therapy; (5) bupropion SR (150 mg twice daily
for 9 weeks total: 1 week prequit and 8 weeks postquit) plus
nicotine lozenge (2 or 4 mg based on appropriate dose-fordependence level per package instructions for 12 weeks postquit)
combination therapy; or (6) placebo. There were 5 distinct placebo conditions, matched to each of the active treatment conditions (ie, placebo bupropion, placebo lozenge, placebo patch, placebo patch plus lozenge, and placebo bupropion plus lozenge)
(Figure 1). Participants received study medication at each visit
and returned any unused medication at the following visit. Randomization was double-blind and used a blocked randomization scheme with sex and self-reported race (white/nonwhite) as
the blocking variables. Staff did not know to which type(s) of medication (ie, patch, pill, and/or lozenge) a participant would be assigned until the moment of randomization, and study staff were
blinded to whether the medication was active or placebo. In addition to pharmacotherapy, all participants received 6 one-onone counseling sessions based on the PHS Guideline.1 Study staff
who provided counseling and conducted study sessions were bachelor-level, trained case managers supervised by a licensed clinical psychologist. Sessions lasted 10 to 20 minutes and occurred
during 7 weeks with the first 2 counseling sessions occurring prior
to quitting and the subsequent 5 occurring on the quit date or
thereafter (Figure 2). The last baseline visit, when randomization occurred and medication was dispensed, took place between 8 and 15 days prequit to ensure the bupropion uptitration schedule could be completed. Participants were instructed
to start taking medications on the designated quit date, except
for bupropion SR, which they were instructed to begin taking 1
week prior to the quit date as per the package insert instructions. Participants had study visits on their quit day and at 1, 2,
4, and 8 weeks postquit. At study visits, vital signs, adverse events,
and smoking status were all recorded.
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Baseline

Medication Treatment†

Information session
Orientation session
Visit 1 (week – 3)∗
Visit 2 (week – 2)
Visit 3 (week – 1), randomization∗
Visit 4, target quit day∗
Visit 5 (week 1)∗
Visit 6 (week 2)∗
Visit 7 (week 4)∗
Visit 8 (week 8)

End Nicotine Lozenge Treatment

Follow-up week 12

Follow-up week 26

Figure 2. Study timeline including all study visits for both assessment as
well as treatment. *Counseling session. †All treatments were administered
through week 8 except for the lozenge, which was continued until week 12.

MAIN OUTCOME MEASURES

gression was used for dichotomous outcomes (eg, 7-day pointprevalence abstinence), while Cox regression was used for continuous outcomes (eg, latency to lapse).
We conducted 11 comparisons for each outcome, which constituted a family of analyses that compared each active treatment
with placebo (5 comparisons), each monotherapy with the other
(3 comparisons), the 2 combination therapies with each other (2
comparisons), and a composite of the monotherapies with the
bupropion plus lozenge combination and the patch plus lozenge
combination (2 comparisons). To control for the familywise error when conducting multiple tests, we used a Bonferronicorrected P value (P=.0045) for the 11 comparisons for an overall ␣=.05 (all tests 2-sided). We report both adjusted as well as
unadjusted P values. All analyses were conducted using the intentto-treat principle such that all smokers who were randomized to
a treatment were included in the analyses and individuals with
missing data were considered to be smoking. Analyses were also
conducted controlling for race (white vs nonwhite), sex, and site.
This study had an a priori power of 0.88 to detect a clinically
significant improvement in abstinence rates of 12% at 6 months
posttreatment (eg, 12% vs 24%), with no correction for multiple
comparisons (␣=.05) and a power of 0.60 for the Bonferronicorrected ␣=.005. To detect an improvement in abstinence rates
of 15% (eg, 12% vs 27%), this study had an a priori power of 0.97
for ␣=.05 and a power of 0.84 for ␣=.005.

Demographics and Smoking
RESULTS
Baseline questionnaires assessed demographics, smoking history, and nicotine dependence. The demographics questionnaire measured characteristics such as sex, race (smokers were
asked which race they most strongly identified with), Latino
ethnicity (ie, reporting ⱖ1 parent of Latino origin), income,
education level, and age. A smoking history questionnaire provided information about smoking behavior, smoking restrictions at home and work, self-efficacy to quit smoking, spouse
smoking patterns, and motivation to quit smoking. Nicotine
dependence questionnaires included the Fagerstrom Test of
Nicotine Dependence,19 the Nicotine Dependence Syndrome
Scale,20 the Tobacco Dependence Screener,21 and the Wisconsin Inventory of Smoking Dependence Motives.22

Smoking Status
Smoking status was assessed both as 7-day point-prevalence abstinence (“Have you smoked at all, even a puff, in the last 7 days?”)
and continuous abstinence (smoking at all since the target quit
day), using a smoking calendar and the timeline follow-back
method.23,24 All participants’ self-reports of smoking status during study visits were confirmed by an expired carbon monoxide
level of less than 10 ppm measured using a Micro-3 Smokerlyzer
(Bedfont Scientific, Williamsburg, Virginia).

Table 1 provides demographics and smoking history data

for the 1504 adult smokers who were randomized in this
double-blind placebo-controlled smoking cessation study.
There were no statistically significant differences between the active and placebo treatment groups by age,
cigarettes smoked per day, Fagerstrom Test of Nicotine
Dependence score, baseline carbon dioxide level, sex,
marital status, race, Latino origin, or education. Figure 1
presents the study’s CONSORT data.
There were no statistically significant differences among
the placebo conditions in 7-day point-prevalence outcomes at 1 week, end of treatment, or 6 months postquit.
Therefore, for all subsequent analyses, the placebo conditions were combined into a unified placebo condition.
There was a significant main effect for study site, such
that, relative to Madison, Milwaukee had significantly lower
7-day point-prevalence abstinence rates at all 3 follow-up
points. However, there were no treatment by site interactions, and analyses that controlled for site produced results similar to those in the uncontrolled analyses.
EFFICACY

STATISTICAL ANALYSIS
All analyses were conducted using SPSS 15.0 software (SPSS
Inc, Chicago, Illinois). After verifying that all treatment groups
were similar across demographic and tobacco-related variables, we evaluated treatment effects on multiple outcome variables, including (1) carbon monoxide–confirmed 7-day pointprevalence abstinence at 1 week postquit, end of treatment (8
weeks postquit), and 6 months postquit; (2) number of days
to lapse (latency to smoke a first cigarette after the target quit
day); (3) number of days to relapse (latency to smoke on 7 consecutive days after the target quit day); (4) latency to relapse
after the first lapse; and (5) initial cessation (whether the participant went ⱖ1 day without smoking in the first week postquit;
due to missing data, n = 1424 for this outcome). Logistic re-

Comparing all 5 active treatments with the placebo group
in 7-day point-prevalence analyses and using an uncorrected P =.05, logistic regression analysis indicated that
all active treatments produced higher rates of initial cessation and higher 7-day point-prevalence abstinence rates
at 1 week, end of treatment, and 6 months postquit (with
the exception of the lozenge at 1 week) relative to placebo (Table 2 and Table 3). The ORs at 6 months
postquit were 1.63 for bupropion, 1.76 for lozenges, 1.83
for the patch, 1.74 for bupropion plus lozenge, and 2.34
for patch plus lozenge. With corrected P=.0045, only the
patch and the 2 combination therapies were efficacious
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Table 1. Demographic and Smoking History for the Total Sample and by Treatment Group
No. (%)

Characteristic
Female sex
Married
Employed for wages
High school education only
Race/ethnicity a
Latino b
White
African American
Other
Age, mean (SD), y
Previous quit attempts, mean (SD)
FTND total score
Cigarettes smoked/d, mean (SD)
Baseline carbon monoxide level,
mean (SD)

Total
(N = 1504)

Placebo
(n = 189)

Bupropion
(n = 264)

Lozenge
(n = 260)

Patch
(n = 262)

Bupropion ⴙ
Lozenge
(n = 262)

Patch ⴙ
Lozenge
(n = 267)

876 (58.2)
667 (44.5)
1020 (67.8)
353 (23.6)

111 (58.7)
77 (40.7)
124 (65.6)
48 (25.8)

154 (58.3)
117 (44.5)
182 (68.9)
52 (19.7)

151 (58.1)
116 (44.6)
181 (69.6)
61 (23.5)

153 (58.4)
114 (43.8)
177 (67.6)
73 (28.2)

154 (58.8)
128 (49.2)
184 (70.2)
61 (23.5)

153 (57.3)
115 (43.1)
172 (64.4)
58 (21.8)

42 (2.8)
1258 (83.9)
204 (13.6)
38 (2.6)
44.7 (11.1)
5.7 (9.7)
5.4 (2.1)
21.4 (8.9)
25.8 (12.5)

7 (3.7)
160 (84.7)
20 (10.6)
9 (4.7)
43.1 (11.4)
6.2 (13.1)
5.5 (2.2)
21.0 (8.3)
24.5 (13.3)

7 (2.7)
221 (83.7)
35 (13.3)
8 (3.0)
43.9 (11.7)
6.2 (10.4)
5.4 (2.2)
21.4 (8.2)
25.0 (10.7)

5 (1.9)
217 (83.5)
38 (14.6)
5 (1.9)
45.3 (10.4)
5.7 (11.2)
5.2 (2.2)
21.6 (9.1)
24.6 (12.0)

6 (2.3)
220 (84.6)
35 (13.5)
5 (1.9)
44.9 (11.6)
5.9 (10.1)
5.4 (2.1)
21.4 (9.2)
26.4 (12.3)

8 (3.1)
217 (83.5)
38 (14.6)
5 (1.9)
45.3 (10.4)
5.0 (5.2)
5.3 (2.1)
21.0 (8.5)
26.8 (13.6)

9 (3.4)
223 (83.5)
38 (14.2)
6 (1.9)
44.2 (11.1)
5.3 (6.5)
5.5 (2.1)
21.93 (9.6)
26.8 (12.2)

Abbreviation: FTND, Fagerstrom Test of Nicotine Dependence.
a Smokers were asked with which race they most strongly identified.
b Smokers who reported that at least 1 parent was of Latino origin.

Table 2. Carbon Dioxide–Confirmed Point-Prevalent Abstinence and Initial Cessation Rates a
Rate, %
Smoking Cessation/Abstinence
Initial cessation b
Abstinence
1 wk
8 wk, end of treatment
6 mo

Placebo

Bupropion

Lozenge

Patch

Bupropion ⴙ
Lozenge

Patch ⴙ
Lozenge

69.4

82.2

81.3

87.7

84.5

91.5

23.3
30.2
22.2

34.5
40.2
31.8

29.2
40.4
33.5

40.5
44.7
34.4

37.4
50.4
33.2

43.4
53.6
40.1

a Due to missing data, n = 1424 for this analysis.
b Initial cessation is defined as at least 1 day of abstinence

during the first 7 days after the target quit day.

at 1 week and the end of treatment, and only the patch
plus lozenge condition was efficacious at 6 months
postquit (Table 2 and Table 3). Using the corrected P values, all treatments, except the lozenge, significantly increased the rates of initial cessation (not smoking for at
least 1 day in the first week postquit). The same effects
were obtained when logistic regression analyses controlled for race, sex, and site.
Survival analyses (Cox regression) revealed that relative to placebo all active treatments significantly increased the number of days to relapse using both the unadjusted (P⬍ .05) as well as the Bonferroni-corrected P
value (Pⱕ.001). Only the 2 combination conditions significantly increased the number of days to lapse relative
to placebo when using the Bonferroni-corrected P value
(P⬍.001). Figure 3 illustrates the survival curves for
latency to relapse. The survival curves for latency to lapse
and for latency to relapse following a lapse were similar
to the survival curves for latency to relapse. All active treatments increased the latency to relapse following the first
lapse (P ⱕ .003) with the exception of the lozenge
(Wald=6.39, P= .01, OR, 0.73; 95% confidence interval

[CI], 0.75-0.93). The same effects were obtained when
analyses controlled for race, sex, and site.
The bupropion plus lozenge condition and the patch
plus lozenge condition were both compared with a composite monotherapy condition to determine whether either
of the combination conditions was superior to monotherapy. Results of logistic regression analyses revealed
that, relative to the monotherapies, the patch plus lozenge treatment produced significantly higher initial cessation rates and end of treatment abstinence rates
(Table 3), using the Bonferroni-corrected P value. There
were no other differences between the combination conditions and the composite monotherapy condition. The
results were similar after controlling for race, sex, and
site. It should be noted that there were no significant differences either between the 2 combination conditions or
among the monotherapy conditions at any of the time
points using the Bonferroni-corrected P value.
With respect to the latency outcome variables, Cox
regression analyses revealed that patch plus lozenge
users had a greater latency to lapse, relative to the composite monotherapy condition (Wald=7.31; P=.007; OR,
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Table 3. Logistic Regressions Predicting Initial Cessation and Point-Prevalent Abstinence
Initial Cessation
Treatment
Relative to placebo
Bupropion
Lozenge
Patch
Bupropion ⫹ lozenge
Patch ⫹ lozenge
Relative to monotherapies
Bupropion ⫹ lozenge
Patch ⫹ lozenge
Monotherapies relative to each otherb
Patch vs lozenge
Bupropion vs lozenge
Patch vs bupropion
Patch ⫹ lozenge vs bupropion ⫹ lozenge

1 wk Postquit

Wald

P Value

OR (95% CI)

Wald

P Value

OR (95% CI)

9.25
7.60
20.32
13.14
31.18

.002 a
.006
⬍.001 a
⬍.001 a
⬍.001 a

2.04 (1.29-3.22)
1.91 (1.21-3.03)
3.14 (1.91-5.17)
2.40 (1.50-3.84)
4.73 (2.74-8.16)

6.52
1.97
14.29
10.00
19.23

.01
.16
⬍.001 a
.002 a
⬍.001 a

1.73 (1.14-2.64)
1.36 (.89-2.09)
2.24 (1.47-3.40)
1.97 (1.29-3.00)
2.53 (1.67-3.83)

0.07
9.01

.79
.003 a

1.05 (0.71-1.56)
2.08 (1.29-3.36)

0.61
6.46

.43
.01

1.12 (0.84-1.50)
1.44 (1.09-1.92)

3.86
0.07
2.94
5.77

.049
.78
.09
.02

0.61 (0.37-0.999)
0.94 (0.59-1.48)
0.65 (0.40-1.06)
0.51 (0.29-0.88)

7.20
1.65
2.01
2.00

.007
.20
.16
.16

0.61 (0.42-0.88)
0.79 (0.54-1.14)
0.77 (0.54-1.10)
0.78 (0.55-1.10)

End of Treatment, 8 wk Postquit
Treatment
Relative to placebo
Bupropion
Lozenge
Patch
Bupropion ⫹ lozenge
Patch ⫹ lozenge
Relative to monotherapies
Bupropion ⫹ lozenge
Patch ⫹ lozenge
Monotherapies relative to each otherb
Patch vs lozenge
Bupropion vs lozenge
Patch vs bupropion
Patch ⫹ lozenge vs bupropion ⫹ lozenge

6 mo Postquit

Wald

P Value

OR (95% CI)

Wald

P Value

OR (95% CI)

4.75
4.93
9.64
18.10
24.02

.03
.03
.002 a
⬍.001 a
⬍.001 a

1.55 (1.05-2.31)
1.57 (1.05-2.33)
1.87 (1.26-2.77)
2.35 (1.59-3.49)
2.67 (1.80-3.96)

5.01
6.68
7.70
6.42
15.65

.03
.01
.006
.01
⬍.001 a

1.63 (1.06-2.51)
1.76 (1.15-2.70)
1.83 (1.20-2.81)
1.74 (1.13-2.67)
2.34 (1.54-3.57)

5.95
11.19

.02
.001 a

1.42 (1.07-1.88)
1.61 (1.22-2.13)

0.00
4.12

⬎.99
.04

1.00 (0.74-1.35)
1.35 (1.01-1.79)

.32
.96
.30
.47

0.84 (0.59-1.19)
1.01 (0.71-1.43)
0.83 (0.59-1.18)
0.88 (0.63-1.24)

0.05
0.38
0.38
2.68

.83
.54
.54
.10

0.96 (0.67-1.38)
.89 (0.62-1.28)
.89 (0.62-1.28)
0.74 (0.52-1.06)

0.97
0.003
1.09
0.53

Abbreviations: CI, confidence interval; OR, odds ratio.

a P ⬍ .005, Bonferroni-corrected for 11 comparisons with ␣ = .05.
b First condition listed is the reference condition.

1.0

Placebo
Bupropion
Lozenge
Patch
Bupropion + lozenge
Patch + lozenge

Cumulative Survival

0.8

out the Bonferroni correction, there were no differences
among the combination and monotherapy groups in latency to relapse after smoking the first cigarette (ie, after lapsing). The same effects were obtained when analyses controlled for race, sex, and site.

0.6

MEDICATION USE
0.4

0.2

0

50

100

150

200

Time to Relapse, d

Figure 3. Survival curves for latency to relapse, or the number of days until
the participants smoked on 7 consecutive days following the target quit day
for the 6 treatment conditions.

0.80; 95% CI, 0.78-0.94); a similar effect was found for
number of days to relapse (Wald=5.45; P=.02; OR, 0.79;
95% CI, 0.64-0.96). These differences were not significant with the Bonferroni correction (P⬍.005). Even with-

At each visit, participants were given additional medication and asked to return any that was unused. We computed the percentage of medication each participant used
by subtracting the amount of medication the participant
returned from the amount of medication given to the participant and then dividing that by the total amount of medication given to the participant. On average, participants used
approximately 77% of the medication given during the
course of the study (placebo, 75%; patch, 86%; bupropion, 85%; lozenge, 67%; bupropion plus lozenge, 77%; and
patch plus lozenge, 74%). A 1-way analysis of variance revealed significant differences in the amount of medication
used by treatment condition (F5,1187 =17.64, P⬍.001). Post
hoc Tukey tests revealed that individuals in the lozenge condition used significantly less medication (67% of the medi-
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Table 4. Adverse Events by Treatment Condition
No. (%)
Adverse Event
Nausea
Skin irritation
Dizziness
Diarrhea
Vomiting
Dry mouth
Mouth/throat irritation
Alteration of taste
Sleep disturbance and abnormal
dreams
Flatulence/gas
Hiccups
Headaches
Dyspepsia, heartburn and indigestion
Total

Placebo
(n = 189)

Bupropion
(n = 262)

Lozenge
(n = 260)

Patch
(n = 264)

Bupropion ⴙLozenge
(n = 267)

16 (4.4)
10 (2.7)
6 (1.7)
4 (1.1)
4 (1.1)
3 (1.0)
12 (3.3)
2 (1.0)
20 (5.6)

20 (3.8)
14 (2.7)
6 (1.1)
8 (1.5)
10 (1.9)
20 (3.8)
11 (2.1)
8 (1.5)
88 (16.8)

44 (7.8)
3 (1.0)
5 (1.0)
13 (2.3)
8 (1.4)
0 (0.0)
38 (6.7)
1 (0.2)
18 (3.2)

25 (4.3)
86 (14.7)
7 (1.2)
8 (1.4)
4 (1.0)
1 (0.2)
11 (1.9)
0
66 (11.3)

33 (5.0)
14 (2.1)
15 (2.3)
11 (1.7)
9 (1.4)
25 (3.8)
15 (2.3)
9 (1.4)
69 (10.6)

5 (1.4)
1 (0.3)
24 (6.7)
4 (1.1)
359

1 (0.2)
0
23 (4.4)
3 (1.0)
524

cation given) than individuals in any of the other treatment conditions (P=.03 to ⬍.001).
SAFETY
The most common adverse events varied by treatment
group but were consistent with previous research. In the
placebo condition, the most common adverse events were
headaches, skin irritation in the patch condition, sleep
disturbances/abnormal dreams in the bupropion condition, nausea in the lozenge condition, sleep disturbances/
abnormal dreams in the bupropion plus lozenge condition, and both sleep disturbances/abnormal dreams and
skin irritation in the patch plus lozenge condition
(Table 4). Participants in the combination conditions
(patch plus lozenge and bupropion plus lozenge) reported more adverse events than those in either the monotherapy or placebo groups. There were 32 serious adverse events during the 6-month period following the
target quit day (eg, hospitalization for pneumonia or due
to falling), but only 1 serious adverse event, hospitalization for seizures, was possibly related to study medication. Seizures are an identified potential adverse effect
of bupropion, which the participant was taking at the time
of the seizure. Four people (0.27%) withdrew from the
study owing to events related to medication: 1 in the bupropion group because it interacted with other antidepressants and the participant’s physician requested that
the participant withdraw, 1 in the bupropion group because of heartburn, 1 because of a “negative experience” while taking placebo medication, and 1 in the bupropion plus lozenge condition owing to hospitalization
for seizures.
COMMENT

A principal goal of this research was to identify particularly efficacious smoking cessation pharmacotherapy interventions among the 5 different treatments tested in a
head-to-head comparison. The nicotine patch plus loz-

16 (2.8)
35 (6.2)
29 (5.1)
1 (0.2)
566

0
0
26 (4.4)
4 (1.0)
585

28 (4.3)
7 (1.1)
30 (4.6)
23 (3.5)
654

Patch ⴙ Lozenge
(n = 262)
55 (7.9)
62 (8.9)
9 (1.3)
6 (1.0)
11 (1.6)
2 (0.2)
40 (5.7)
0
63 (9.0)
15 (2.1)
22 (3.2)
34 (4.9)
25 (3.6)
697

enge combination emerged as the treatment with the
strongest support. Its OR at 6 months postquit was 2.34,
while the next highest OR was 1.83 (for the nicotine
patch). The nicotine patch plus lozenge combination
emerged as the only efficacious treatment (after Bonferroni correction for multiple tests) relative to placebo at
6 months postquit. In addition, relative to a monotherapy composite, the patch plus lozenge condition produced higher initial cessation rates and end-oftreatment 7-day point-prevalence rates using the
Bonferroni-corrected ␣ level. The patch plus lozenge combination also tended to produce more positive outcomes than any other condition, active or placebo, on
measures such as days to lapse and days to relapse
(Figure 3); these differences did not exceed protection
levels for multiple comparisons, however. These effects
are consistent with previous research showing that the
patch plus ad libitum NRT increases the time to relapse.25 Finally, while there was substantial evidence that
the patch plus lozenge combination was highly efficacious relative to the placebo condition, it is important
to note that its 6-month outcome did not differ significantly from the other active cessation treatments in headto-head comparisons.
While the patch plus lozenge combination was notably efficacious relative to placebo, the other pharmacotherapies were also significantly effective if tested using
unadjusted P values (Table 3). These pharmacotherapies, with ORs ranging from 1.63 to 1.83, would have
been found to be efficacious relative to placebo had they
been tested in a typical randomized clinical trial involving only a single active treatment and a placebo control.
Thus, the current results suggest that there was a relatively strong effect of the patch plus lozenge vs placebo,
rather than unusually weak effects of the other interventions. This pattern of findings should be evaluated in light
of the relatively high abstinence rates that occurred in
the placebo condition. At 6 months postquit, participants in the placebo group achieved a 22.2% abstinence
rate. This abstinence rate is larger than many 6-month
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abstinence rates in active treatment conditions in other
studies.7,11 The success of placebo may have been due to
the intensive counseling participants received (6 sessions, totaling more than 60 minutes of counseling)26 or
to the high level of motivation required to participate in
a 3-year longitudinal trial.
During treatment, the patch, bupropion plus lozenge,
and patch plus lozenge conditions were all significantly more
efficacious than placebo with the familywise error correction. However, after treatment was discontinued, by 6
months postquit only the patch plus lozenge remained efficacious. These findings agree with the 2008 Guideline Update meta-analyses that showed that the combination of
long-term patch plus gum or spray had the highest OR for
efficacy (6-month abstinence) of any of the evaluated pharmacotherapies (monotherapies and combination therapies) when tested against a placebo control condition (OR,
3.6).1 These findings suggest that long-term pharmacotherapy (⬎14 weeks), particularly with the nicotine patch,
may be important given that the effects of bupropion plus
lozenge diminished significantly once participants stopped
using them at the end of treatment. Future research should
examine relapse dynamics following the discontinuation
of treatment; it would be important to know if treatment
discontinuation was more consequential for some pharmacotherapies than for others.27,28 Future research should
also address the promising issue of using pharmacotherapy prior to the quit attempt.1,2
One of the outcomes assessed in this research was
whether pharmacotherapy treatment could help people
achieve at least 1 day of abstinence (initial cessation). The
ability to achieve initial abstinence is not only a stepping stone to successful quitting, but research suggests
that duration of abstinence in prior quit attempts enhances success in subsequent attempts.29-31 In this regard, the patch and patch plus lozenge conditions resulted in the highest rates of initial abstinence (using
adjusted P values) (Table 2). This finding is consistent
with earlier findings that the high-dose nicotine patch
was significantly more effective in helping smokers achieve
initial abstinence relative to placebo.18 It should be noted
that bupropion alone and bupropion plus lozenge also
had significantly higher initial cessation rates relative to
placebo using adjusted P values.
Previous research on combination NRT paired the
patch with nicotine gum,25,32 nicotine nasal spray,7,33 or
a nicotine inhaler.34,35 The present results suggest that the
nicotine lozenge can also be effective as an adjuvant to
the nicotine patch. The key seems to be that an ad libitum, or as needed, agent must be paired with the patch;
simply using higher patch doses does not seem to augment outcomes to the same degree.36-39 While the nicotine lozenge appears to be an effective patch adjuvant,
its performance as a monotherapy was not as impressive as the patch. For instance, the lozenge did not produce significantly higher cessation rates than placebo in
either the first week of treatment or at the end of treatment (with ␣ adjustment) (Table 3).
While overall medication adherence reached an average of 77%, there were significant differences in rates
of use of the different medications. Bupropion and the
nicotine patch had the highest use rates followed by the

2 combinations; the nicotine lozenge had the lowest use
rates. These findings suggest that smokers are especially unlikely to use as needed medications adherently
(ie, a recommendation of 9 lozenges per day). This is consistent with other literature that suggests an inverse relation between the number of doses prescribed and medication adherence40 and with research showing a direct
positive relation between medication adherence and cessation outcome.41-46
The pharmacotherapy interventions used in this research appear to be safe and well tolerated. Only 4 individuals out of 1504 withdrew from the study for medication-related reasons. There were more adverse events,
however, among individuals in the combination pharmacotherapy vs the monotherapy or placebo conditions
(Table 4). Combination therapy did not appear to increase serious adverse events or study withdrawal compared with monotherapy. These findings agree with prior
research that supported the safety and patient acceptance of combination NRT.15,25,32,47,48
One limitation of this study is that treatment took
place in the context of a longitudinal study, which may
have selected participants with greater motivation to
quit than smokers in the general population. In addition, treatment lasted only 8 weeks (with the exception
of the nicotine lozenge, which lasted for 12 weeks).
Future research will be needed to determine whether
long-term use of these pharmacotherapies improves
efficacy (though some evidence suggests that longer use
is not efficacious1). A final limitation is that the study
did not include varenicline among the tested medications (varenicline was not approved by the Food and
Drug Administration at the time of study initiation),
and therefore it is unknown how these agents would
have fared relative to varenicline, the monotherapy
designated as most effective by the 2008 PHS Guideline.1 The results do suggest the importance of testing
varenicline against a combination of the nicotine patch
and an ad libitum NRT medication, as we identified
this intervention to be especially efficacious relative to
placebo.
In this study assessing 5 different pharmacotherapy
interventions, the nicotine patch plus lozenge produced
the greatest benefit relative to placebo. These findings plus
recent meta-analyses published in the 2008 PHS Guideline Update suggest that a combination pharmacotherapy comprising the nicotine patch and an ad libitum NRT should be routinely considered for use as a
smoking cessation treatment. In addition, this study illustrates that after more than 20 years the patch remains a highly efficacious pharmacotherapy for helping
people quit smoking.
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Hansen SS, Munk-Jørgensen P, Guldbæk B, Solgård T, Lauszus KS, Albrechtsen N, Borg L, Egander A, Faurholdt K, Gilberg A, Gosden NP, Lorenzen J, Richelsen B, Weischer K, Bertelsen A. Psychoactive substance use diagnoses among
psychiatric in-patients. Acta Psychiatr Scand. 2000;102(6):432-438.
Krous HF, Beckwith JB, Byard RW, Rognum TO, Bajanowski T, Corey T, Cutz E,
Hanzlick R, Keens TG, Mitchell EA. Sudden infant death syndrome and unclassified sudden infant deaths: a definitional and diagnostic approach. Pediatrics.
2004;114(1):234-238.
Beckwith JB. Defining the sudden infant death syndrome. Arch Pediatr Adolesc
Med. 2003;157(3):286-290.
Fleming PJ, Blair PS. How reliable are SIDS rates? the importance of a standardised, multiprofessional approach to “diagnosis.” Arch Dis Child. 2005;90(10):
993-994.

Correction
Error in Dosage and Degree. In the article “A Randomized Placebo-Controlled Clinical Trial of 5 Smoking Cessation Pharmacotherapies” published in the November
issue of Archives (2009;66[11]:1253-1262), there was an
error in the “Procedures” section. On page 1255, in the
second and third lines of the right column, the dosage
of bupropion SR should be “150 mg twice daily for 9
weeks total” instead of “150 mg twice weekly for 9 weeks
total.” In the byline, Michael C. Fiore was listed as having an MD and PhD. His actual degrees are an MD, MPH,
and MBA.
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