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older has increased signifi cantly from 2004 to 2006 (3.0% vs. 
3.3%;  p  < .05;  Substance Abuse and Mental Health Services 
Administration, 2007 ). Recently, cigarette manufacturers have 
gained a significant foothold in the ST market through the 
acquisition of ST companies and the introduction of new ST 
products with fl agship cigarette brands (e.g., Marlboro, Camel) de-
signed to appeal to smokers ( Stepanov, Jensen, Hatsukami, & 
Hecht, 2008 ). Although the impact of these new ST marketing 
initiatives on ST use prevalence remains uncertain, the chang-
ing tobacco landscape suggests a need for developing effective 
interventions for ST users. 

 ST has signifi cant adverse health consequences. Among the 
U.S. populations, long-term ST use has been associated with 
periodontal disease ( Fisher, Taylor, & Tilashalski, 2005 ). Long-
term ST use may increase the risk for oral ( Stockwell & Lyman, 
1986 ), kidney ( Muscat, Hoffmann, & Wynder, 1995 ), and pan-
creatic ( Muscat, Stellman, Hoffmann, & Wynder, 1997 ) cancer. 
Long-term risk ST use is associated with death from coronary 
heart disease and stroke ( Henley, Thun, Connell, & Calle, 
2005 ). 

 A need for effi cacious interventions exists, as 64% of ST 
users report the desire to quit ( Severson, 1992 ). Behavioral 
interventions are effective for increasing ST abstinence rates 
( Severson, 2003 ). Nicotine patch increases ST abstinence rates 
at 10 and 15 weeks when given for 10 weeks ( Hatsukami et al., 
2000 ) and at 3 months when given for 6 weeks ( Howard-Pitney, 
Killen, & Fortmann, 1999 ). Both the nicotine gum and the patch 
are effective for decreasing withdrawal symptoms ( Hatsukami, 
Jensen, Allen, Grillo, & Bliss, 1996 ;  Hatsukami et al., 2000 ). 

 Nicotine lozenge is the newest form of nicotine replacement 
therapy (NTR) with demonstrated efficacy for increasing 
tobacco abstinence rates and decreasing withdrawal symptoms 
among cigarette smokers ( Shiffman et al., 2002 ). Compared 
with the nicotine gum, the nicotine lozenge delivers 8% – 10% 
higher maximal plasma concentrations and 25% – 27% higher 
area under the curve nicotine concentration values in single-
dose studies ( Choi, Dresler, Norton, & Strahs, 2003 ). This may 
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4-mg nicotine lozenge for ST use. 

   Results:     We randomized 270 participants (136 active lozenge, 
134 placebo). No signifi cant differences were observed between 
the groups in biochemically confi rmed all tobacco abstinence 
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translate into important clinical benefi ts for ST users who have 
high levels of nicotine exposure ( Benowitz, Porchet, Sheiner, & 
Jacob, 1988 ). In our preliminary work, use of 4-mg nicotine 
lozenge was effective for decreasing craving and withdrawal 
symptoms among ST users (Ebbert,  Dale, et al., 2007 ). 

 To explore the effectiveness of the nicotine lozenge for 
increasing tobacco abstinence rates and decreasing nicotine 
withdrawal symptoms and tobacco craving in ST users, we con-
ducted a clinical trial.   

 Methods  
 Study design 
 Our study was a randomized, blinded, placebo-controlled, par-
allel group multicenter clinical trial with a 12-week medication 
phase and follow-up through 6 months. The study was conduct-
ed at the Mayo Clinic in Rochester, Minnesota, and the Research 
Institute in Eugene, Oregon. Enrollment took place between 
January 2007 and April 2008. The institutional review boards at 
each study site approved the study protocol before participant 
recruitment. This study was overseen by a data and safety moni-
toring board, which met annually.   

 Study population 
 ST users were recruited through press releases and advertising. 
Individuals were eligible for inclusion if they were 18 years or 
older, reported ST use as their primary tobacco of use (i.e., 
could use other forms of tobacco), wanted to quit, had used ST 
daily for at least 6 months, and were in good general health. In-
dividuals were excluded if they (a) were currently using treat-
ments for ST use; (b) had unstable angina, myocardial infarction, 
or coronary angioplasty in the previous 2 weeks; (c) had a severe 
untreated cardiac dysrhythmia; (d) were lactating; (e) had un-
controlled hypertension; (f) had another household member 
participating in the study; or (g) had phenylketonuria. All 
female participants of childbearing potential were required to 
have a negative pregnancy test before enrollment and to have 
agreed to use contraception during study participation.   

 Screening and recruitment 
 Potential participants were screened by telephone. If participants 
passed the phone screen, they were invited to attend an informa-
tion session at which the study was explained and informed con-
sent obtained. Participants returned for a baseline visit for medical 
screening and randomization. Medical screening included a his-
tory and physical examination. Baseline measures included    the 
Fagerström Test for Nicotine Dependence-Smokeless Tobacco 
(FTND-ST) ( Ebbert, Patten, & Schroeder, 2006 ) and the Severson 
Smokeless Tobacco Dependence Scale ( Severson, Akers, Boles, 
Andrews, & Yovanoff, 2004 ). Participants were also assessed for 
depression at baseline with the self-administered Center for Epi-
demiological Studies Depressed Mood Scale ( Radloff, 1977 ).   

 Assignment of participants to condition 
 A computer-generated randomization sequence assigned par-
ticipants in a 1:1 ratio to treatment condition with a block size 
of four stratifi ed by site. Using this randomization schedule, 
study personnel who did not have any participant contact dispensed 
the appropriate study medication into containers labeled 

according to study identification number. Potential subject 
participants who passed all screening visits and provided writ-
ten informed consent were assigned the next sequential subject 
identifi cation number. Study participants, investigators, and all 
other study staff were blinded to treatment assignment.   

 Treatment and control conditions 
 At the baseline visit (randomization), enrolled participants were 
assigned to the 4-mg mint-fl avored nicotine lozenge or match-
ing placebo. The 4-mg nicotine lozenge dose was selected based 
on our previous experience with this dose (Ebbert,  Dale, et al., 
2007 ). Medication was given for 12 weeks. All participants were 
instructed to quit all tobacco products and start using lozenges 
the following day. For Weeks 1 – 6, participants were instructed 
to use one lozenge orally every 1 – 2 hr, with a maximum of 16 
lozenges per day. After 6 weeks, lozenges were tapered. For 
Weeks 7 – 9, participants were instructed to use eight lozenges 
per day or one every 2 – 4 hr. For Weeks 10 – 12, participants were 
instructed to use four lozenges per day or one every 4 – 8 hr. 

 All participants received a self-help quitting guide devel-
oped specifically for ST users ( Severson, 1999 ). Participants 
were provided with brief behavioral counseling at each study 
visit tailored to participant quitting status. Counseling included 
best practice topics such as the health effects of ST, preparing for 
quit day, dealing with withdrawal, avoiding relapse, stress and 
time management, weight management, and wellness and exer-
cise. Counseling was typically 10 min in duration. Participants 
attended study visits at Weeks 2, 4, 6, and 12 at which time re-
search staff assessed vital signs, tobacco use status, medication 
compliance, adverse events, and concomitant medication use. 
At the end of Visits 2, 4, and 6, participants also received a sup-
ply of medication. 

 Participants who completed the 12-week medication phase 
were followed up for 6 months after randomization. Serious 
adverse events and concomitant medications used for tobacco 
cessation were assessed. 

 A urine specimen was collected for biochemical confi rma-
tion of tobacco use status at 12 weeks (end of treatment) and 
6 months after randomization (end of study) among partici-
pants self-reporting tobacco abstinence.   

 Measures 
 Tobacco abstinence was determined by self-report at each visit. 
Biochemical confirmation of self-reported abstinence was 
obtained at the end of treatment (Week 12) and end of study 
(6 months after randomization). Although cotinine is the tradi-
tional measurement for adjudication of self-reported tobacco 
abstinence ( Benowitz et al., 2002 ), cotinine cannot be used to 
biochemically validate tobacco abstinence during use of NRT. 
Since nicotine replacement products do not contain the tobacco 
alkaloid anabasine, while tobacco does, urinary anabasine has 
been proposed as a biomarker of tobacco consumption that 
could differentiate tobacco users and nonusers who use NRT 
( Jacob, Yu, Shulgin, & Benowitz, 1999 ). We used a urine ana-
basine concentration of less than 2 ng/ml as our cutoff concen-
tration to indicate tobacco abstinence in participants reporting 
use of NRT only, since this is below the level of detection and we 
would not expect to detect anabasine in individuals not exposed 
to tobacco. This cutoff has been used in previous investigations 
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and has been validated by our own lab ( Hatsukami et al., 2000 ; 
 Moyer et al., 2002 ).   

 Study endpoints 
 The primary endpoint was the biochemically confi rmed 7-day 
point-prevalence all-tobacco abstinence rate at the end of treat-
ment (Week 12), defi ned as self-reported all-tobacco abstinence 
in the past 7 days confi rmed by a urine anabasine concentration 
of less than 2 ng/ml. ST abstinence was a secondary endpoint. 
Individuals biochemically confi rmed abstinent from all tobacco 
are, by defi nition, abstinent from ST. In addition, participants 
self-reporting use of a tobacco product other than ST were 
considered abstinent from ST. Prolonged abstinence from ST 
was also assessed. Participants were classifi ed as failing criteria 
for prolonged ST abstinence if they reported using ST on 7 con-
secutive days or at least once per week for 2 consecutive weeks 
following a 2-week grace period after target quit date (TQD; 
 Hughes et al., 2003 ). Point-prevalence and prolonged absti-
nence rates were analyzed at 6 months after randomization.   

 Withdrawal and craving 
 Participants were asked to keep a daily diary to record symp-
toms of nicotine withdrawal and medication use. Daily diaries 
were collected for 6 weeks starting at the information session. 
The daily diary included the Minnesota Nicotine Withdrawal 
Scale (MNWS;  Hughes, 1998 ;  Hughes & Hatsukami, 1986 ). The 
MNWS is an eight-item measure consisting of the following 
symptoms rated on a 5-point Likert scale ranging from 0 ( not 
present ) to 4 ( severe ): desire to smoke (i.e., craving); anger, 
irritability, or frustration; anxiety or nervousness; difficulty 
concentrating; impatience or restlessness; hunger; awakening at 
night; and depression. The MNWS was modifi ed for ST users by 
replacing  “ desire to smoke ”  with  “ desire to use tobacco. ”    

 Adverse events 
 All observed and self-reported adverse events were documented 
on case report forms and followed up according to a safety man-
agement protocol until the adverse events were resolved or the 
participant completed the study.   

 Statistical analyses 
 The sample size for the current study was determined for the 
primary endpoint of 7-day point-prevalence tobacco abstinence 
for Week 12 (end of treatment). Based on previous research, we 
hypothesized that the end-of-treatment abstinence rate for indi-
viduals receiving placebo would be 35%, and the abstinence rate 
for those receiving the 4-mg nicotine lozenge would be 53%. 
A resulting power calculation indicated that 270 participants 
(135 per group) were required to have an 85% power to de-
tect a signifi cant difference (two sided,  a  = .05 level test). 

 For tobacco abstinence endpoints, we used an intent-to-
treat imputation in which participants missing a visit were con-
sidered to be using tobacco. Tobacco abstinence endpoints were 
analyzed using logistic regression. The dependent variable for 
the primary analysis was the biochemically confi rmed 7-day 
point-prevalence tobacco abstinence at the end of treatment 
(Week 12), and the independent variables were treatment 
(active lozenge vs. placebo) and study site. An initial analysis 
was carried out that included the appropriate interaction terms 
to verify the assumption that the effect of the active lozenge was 

not study site dependent. After confi rming the absence of a sig-
nifi cant treatment by site interaction, all subsequent analyses 
were carried out with main effect terms, with study site as a cova-
riate. Odds ratios ( OR s) and 95%  CI s for the active lozenge versus 
placebo were calculated using the parameter estimates from 
this logistic regression model. Self-reported point-prevalence and 
prolonged abstinence endpoints at end of treatment and end of 
study were also analyzed using similar logistic regression models. 
The duration of prolonged abstinence was further analyzed using 
survival methods. For participants who reported a relapse, the 
date of relapse was obtained via self-report. Relapse was defi ned 
as using tobacco on 7 consecutive days or at least 1 day a week on 
2 consecutive weeks following the grace period. For participants 
who dropped out of the study without previously meeting relapse 
criteria, we assumed that the individuals relapsed at the midpoint 
between the date of the study visit at which they were last known 
to meet prolonged abstinence criteria and the fi rst study visit at 
which they were assumed to be using tobacco. Relapse curves 
were constructed separately for each treatment group and com-
pared between groups using the log rank test. 

 Withdrawal symptoms and craving were assessed daily using 
the MNWS modifi ed for ST users. For analysis purposes, a com-
posite withdrawal score was computed as the mean of the ratings 
assigned to each of seven symptoms. Craving was analyzed sepa-
rately. The average score for the 7 days before TQD was used as 
baseline, and scores obtained following TQD were analyzed as 
change from baseline. The repeated measures of withdrawal and 
craving for the fi rst 2 weeks following TQD were analyzed using 
generalized estimating equations  . For these models, the explana-
tory variables were treatment group (nicotine lozenge vs. placebo) 
and time in days following TQD. The time by treatment interac-
tion effect was included to assess whether changes in withdrawal 
symptoms or craving over time differed by treatment group. Ini-
tial analyses were carried out using all available data regardless of 
tobacco use status. Analyses were repeated using data only for the 
period of initial abstinence for each participant. To supplement 
the repeated measures analyses, daily scores were compared be-
tween groups using the two-sample  t  test. 

 Average daily lozenge use was obtained using drug dis-
pensation logs and calculated by dividing the total number of 
lozenges used between study visits divided by the interval, in 
days, between visits. Lozenge use was compared between 
groups using the rank sum test. Adverse events judged to be 
possibly, probably, or definitely related to study drug were 
summarized and compared between groups using Fisher’s exact 
test. At the end of study visit, participants were asked to rate 
perceived effectiveness and acceptability of the lozenge using a 
5-point Likert scale. Effectiveness and acceptability ratings were 
compared between groups using the chi-square test.    

 Results  
 Participants 
 Of 389 individuals screened, 270 were eligible and randomized 
to receive treatment (136 active lozenge, 134 placebo) and in-
cluded in the fi nal analysis ( Figure 1 ). All the women in the study 
( n  = 6) were randomly assigned to placebo, but individuals were 
otherwise similar at baseline as shown in  Table 1 . In keeping with 
the intent-to-treat approach, all randomized participants were 
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included in the primary analysis. Analyses were repeated after 
excluding the six female participants to assess the comparability 
of fi ndings.         

 A total of 60 participants (22 active lozenge and 38 placebo; 
 p  = .016), representing 25% of the original study group, discon-
tinued study participation during the medication phase. Of the 
38 placebo participants who discontinued study participation, 
33 (87%) reported using tobacco at the last study visit they 
attended.   

 Abstinence 
 No differences were observed in the biochemically confi rmed 
all-tobacco abstinence at Week 12 (36% lozenge vs. 27.6% pla-
cebo;  OR  1.5, 95%  CI  0.7 – 2.1;  p  = .138) as shown in  Table 2 . A 
total of 13 participants (11 nicotine vs. 2 placebo;  p  = .071) self-
reported abstinence from all tobacco but failed biochemical 
confi rmation at Week 12. Of these, six participants in the active 
lozenge group failed unexpectedly because of assay interference 
due to high concentrations of cotinine in the sample. When the 
analysis of the Week 12 biochemically confi rmed all-tobacco ab-
stinence endpoint was repeated with these six participants ex-
cluded, the treatment effect was not statistically signifi cant ( OR  = 
1.6, 95% CI 0.9 – 2.7;  p  = .083). The biochemically confi rmed 
abstinence rates did not change when we excluded the six female 
participants (data not shown).     

 The 4-mg nicotine lozenge increased self-reported all-
tobacco abstinence and self-reported ST abstinence compared 
with placebo at the end of treatment (Week 12) as shown in 
 Table 2 . When these analyses were repeated excluding the six 
enrolled female participants, the self-reported abstinence fi nd-
ings did not change. No signifi cant differences were observed 

between groups in the self-reported ST or all-tobacco point-
prevalence or prolonged abstinence rates at 24 weeks. 

 Kaplan – Meier curves for the endpoint of prolonged ST 
abstinence are presented in  Figure 2 . The curves start 2 weeks 
following the TQD, which corresponds to the end of the grace 
period used for the defi nition of prolonged abstinence. At Week 
2, 21 of 136 participants (15.4%) in the active lozenge group and 
61 of 134 (45.5%) in the placebo group were classifi ed as failing 
prolonged abstinence criteria because these participants did not 
achieve abstinence from ST prior to the end of the grace period. 
The duration of prolonged ST abstinence was increased for the 
active lozenge group compared with placebo (log rank test,  p  = 
.013). Further inspection of the survival curves reveal clear ad-
vantages for participants in the active lozenge group. However, 
the active lozenge group shows a steeper relapse slope over time 
such that the relative advantage compared with the placebo 
lozenge condition decreased over time.       

 Withdrawal and desire to use tobacco 
 For each participant, we calculated the proportion of study days 
that they completed a diary from the start of the baseline period 
until 28 days following TQD, or until the date that the partici-
pant dropped out of the study if before 28 days following TQD. 
From this, the median (interquartile range) adherence with 
diary reporting was 89% (72% – 94%) for the nicotine group and 
86% (71% – 94%) for the placebo group. Using all available data, 
withdrawal following TQD decreased signifi cantly with time 
(time effect =  − .022 per day,  SE  =.003;  p  < .001) and was sig-
nifi cantly lower for the active lozenge group (treatment effect = 
 − .213, SE = .071;  p  = .003). Desire to use tobacco (i.e.,  “ craving ” ) 
also decreased signifi cantly following TQD (time effect =  − .071, 
 SE  = .006;  p  < .001) and was lower for the active lozenge group 

 

22 Discontinued in Medication Phase  

17 WithdrewConsent  
4 Loss to follow up 
1 Adverse Event  

389 individuals screened 

270 randomized 

119 Excluded 
11 Did not meet inclusion criteria 
91 Refused participation  
17 Other (scheduling barriers) 

134 Assigned to Receive Placebo  
134 Received Assigned Treatment  

136 Assigned to Active Lozenge 
136 Received Assigned Treatment 

38 Discontinued in Medication Phase 
28 Withdrew Consent  

9 Loss to follow up
1 Adverse event 

136 Included in Efficacy Analysis 134 Included in Efficacy Analysis  

 Figure 1.          CONSORT study fl ow diagram.    
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(treatment effect =  − .452,  SE  = .164;  p  = .006). When the anal-
ysis was repeated using only data for period of initial absti-
nence, similar fi ndings were obtained for both withdrawal 
symptoms (time effect =  − .028 per day,  SE  = .004;  p  < .001; 
treatment effect =  − .258,  SE  = .078;  p  < .001) and desire to use 
tobacco (time effect =  − .089 per day,  SE  = .009;  p  < .001; 
treatment effect =  − .586,  SE  =.195;  p  = .006). When these anal-
yses were repeated excluding the six female participants en-
rolled, the withdrawal fi ndings did not change.   

 Lozenge use 
 Individuals in the active lozenge group had higher median loz-
enge use than the placebo group for Weeks 3 – 4 (6.9 vs. 5.1, 
rank sum test  p  = .013), Weeks 5 – 6 (7.1 vs. 3.4;  p  < .001), and 
Weeks 7 – 12 (4.9 vs. 1.9;  p  < .001), as depicted in  Table 3 . 

Among individuals completing the medication phase, 89% in 
the active lozenge group and 66% in the placebo group ( p  < 
.001) used lozenges between Weeks 7 and 12. In the active loz-
enge group, only 5% of the participants in Weeks 1 – 2, 9% in 
Weeks 3 – 4, and 7% in Weeks 5 – 6 used 16 or more lozenges 
per day. The corresponding rates in the placebo group were 
10%, 4%, and 3%.       

 Adverse events 
 During the 12-week medication phase, the following adverse 
events were reported by 5% or more of the participants in either 
treatment group: gastroesophageal reflux (11% active vs. 1% 
placebo;  p  = .002), sleep disturbance (6% active vs. 7% placebo; 
 p  =  ns ), and headache (7% active vs. 5% placebo;  p  =  ns ). 

 Table 1.      Baseline demographics of smokeless tobacco users in a randomized clinical trial 
of the 4-mg nicotine lozenge ( N  = 270) a   

  Characteristic 4-mg nicotine lozenge ( n  = 136) Placebo ( n  = 134 b )  

  Age, years 36.6  ±  10.7 36.5  ±  11.0 
 Male,  n  (%) 136 (100.0) 128 (95.5) 
 Caucasian,  n  (%) 127 (93.4) 133 (99.3) 
 Marital status,  n  (%)  
     Married/living as married 88 (64.7) 91 (67.9) 
     Never married 30 (22.1) 29 (21.6) 
     Separated/divorced 18 (13.2) 13 (9.7) 
     Other 0 (0.0) 1 (0.7) 
 Highest level of education,  n  (%)  
     Less than high school graduate 2 (1.5) 5 (3.7) 
     High school graduate 24 (17.6) 33 (24.6) 
     Some college 80 (58.8) 73 (54.5) 
     College graduate 30 (22.1) 23 (17.2) 
   FTND-ST 5.0  ±  2.0 5.1  ±  2.0 
 Current type of smokeless tobacco used,  n  (%)  
     Snuff only 134 (98.5) 131 (97.8) 
     Chewing tobacco only 1 (0.7) 3 (2.2) 
     Both snuff and chewing tobacco 1 (0.7) 0 (0.0) 
 Smokeless tobacco used per week, cans/pouches 4.3  ±  2.6 4.2  ±  2.6 
 Years of regular smokeless tobacco use 16.7  ±  9.9 15.8  ±  10.6 
 Current use of other tobacco products c ,  n  (%) 15 (11.0) 14 (10.4) 
 Other users of tobacco in household,  n  (%) 29 (21.3) 28 (20.9) 
 Number of serious stop attempts,  n  (%)  
     0 19 (14.0) 20 (15.0) 
     1 – 2 63 (46.3) 67 (50.4) 
     3 – 4 34 (25.0) 20 (15.0) 
     5+ 20 (14.7) 26 (19.5) 
 Longest time off tobacco,  n  (%)  
     <24 hr 14 (10.3) 10 (7.6) 
     1 – 7 days 24 (17.6) 27 (20.5) 
     2 – 8 weeks 36 (26.5) 35 (26.5) 
     9 weeks to 6 months 32 (23.5) 39 (29.5) 
     >6 months 30 (22.1) 21 (15.9)  

   Note. FTND-ST = Fagerström Test for Nicotine Dependence–Smokeless Tobacco.  
  a  Data are presented as mean  ±   SD  or  n  (%) as indicated.  
  b  Number of serious stop attempts was missing for one participant in the placebo group and longest time off tobacco was missing for two 

participants in the placebo group.  
  c  In addition to smokeless tobacco, current use of other tobacco products was reported by 14 participants in the placebo group (11 cigarettes only, 

3 cigars only) and 15 participants in the nicotine group (8 cigarettes only, 4 cigars only, 3 both cigarettes and cigars).   
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 One death occurred in the active lozenge group related to 
an assault that occurred 3 months after study medication was 
stopped. One participant in the active lozenge group was hospi-
talized for neck spasms but had not used medication for 
2 months. In the placebo group, one participant was diagnosed 
with breast cancer and one with rectal cancer, and one partici-
pant had a motor vehicle accident.   

 Perceived effectiveness 
 At the end of study, a higher proportion of participants in the 
active lozenge group rated the lozenge as  “ extremely helpful ”  

 Table 2.      Tobacco abstinence outcomes in a randomized clinical trial of the 4-mg nicotine 
lozenge for smokeless tobacco users  

  Abstinence defi nition a 

4-mg nicotine lozenge ( n  = 136) Placebo ( n  = 134) Logistic regression results b  

  n %  n % Odds ratio 95%  CI  p  value  

  Week 12 (end of medication)  
     Point prevalence  
         Self-report  
             Smokeless tobacco abstinence 69 50.7 46 34.3 2.0 1.2 – 3.2 .013 
             All tobacco abstinence 60 44.1 39 29.1 1.9 1.2 – 3.2 .011 
         Biochemically confi rmed c  
             All tobacco abstinence 49 36.0 37 27.6 1.5 0.7 – 2.1 .138 
     Prolonged  
         Smokeless tobacco abstinence 65 47.8 41 30.6 2.1 1.3 – 3.4 .004 
 Week 24  
     Point prevalence  
         Self-report  
             Smokeless tobacco abstinence 43 31.6 35 26.1 1.3 0.8 – 2.2 .319 
             All tobacco abstinence 36 26.5 29 21.6 1.3 0.7 – 2.3 .345 
         Biochemically confi rmed  
             All tobacco abstinence 34 25.0 24 17.9 1.5 0.8 – 2.8 .158 
     Prolonged  
         Smokeless tobacco abstinence 41 30.2 31 23.1 1.4 0.8 – 2.5 .194  

   Note.  a Point-prevalence abstinence is defi ned as no use within the past 7 days. Participants were classifi ed as failing criteria for prolonged smokeless 
tobacco abstinence if they reported using smokeless tobacco on 7 consecutive days or at least once per week for 2 consecutive weeks following a 2-week 
grace period after the target quit date ( Hughes et al., 2003 ). In all cases, participants who missed a visit were assumed to be using tobacco.  

  b  In addition to treatment (nicotine vs. placebo), the logistic regression analysis included a covariate for study site. Odds ratios >1.0 indicate an 
increased likelihood of abstinence for active nicotine lozenge compared with placebo.  

  c  Of the 11 participants in the 4-mg nicotine lozenge group who failed biochemical confi rmation at Week 12, 6 failed because of assay interference 
due to high concentrations of cotinine in the sample.   
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 Figure 2.        Prolonged abstinence from smokeless tobacco assessed 
using a time-to-event analysis with curves constructed using the 
Kaplan – Meier method (log rank  p  = .013).    

(41% vs. 9%;  p  < .001). Participants in the active lozenge group 
were more likely to report that the lozenge would be acceptable 
to other ST users trying to quit (76% vs. 61%,  p  = .023). When 
asked whether they thought they were on active or placebo, 55% 
of the participants in the active lozenge group correctly guessed 
that they were on active medication and 53% of those in the 
placebo group correctly guessed that they were on placebo. The 
proportion of participants guessing group allocation correctly 
did not differ signifi cantly between groups ( p  = .80).    

 Discussion 
 Based on biochemical confi rmation, tobacco abstinence rates did 
not differ between the two groups at 3 months. However, we 
observed that the 4-mg nicotine lozenge signifi cantly increased 
both self-reported all-tobacco abstinence and ST abstinence at 
3 months compared with placebo. However, no differences were 
observed in the biochemically confi rmed tobacco abstinence rates 
at 12 weeks. The 4-mg nicotine lozenge signifi cantly decreased 
nicotine withdrawal symptoms and tobacco cravings compared 
with placebo, and the nicotine lozenge was well tolerated. 

 In contrast to observations in cigarette smokers ( Shiffman et 
al., 2002 ), we did not detect signifi cant differences in tobacco ab-
stinence rates between treatment groups at 6 months. Although 
the current trial may have been underpowered for this between-
group analysis, previous larger trials of pharmacotherapeutic 
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interventions for ST users have also failed to detect improvements 
in long-term (>6 months) tobacco abstinence rates among ST us-
ers ( Boyle, 1992 ;  Dale et al., 2007 ;  Hatsukami et al., 1996 ,  2000 ; 
 Howard-Pitney et al., 1999 ). 

 We postulate that the observed lack of effi cacy of traditional 
pharmacotherapies for increasing long-term ( ≥ 6 months) ST 
abstinence may relate to (a) under-replacement of nicotine with 
standard NRT dosing, (b) similarities between ST and certain 
nicotine replacement products (i.e., nicotine gum), (c) treat-
ment-naive ST users, and (d) high control condition abstinence 
rates in clinical trials of ST users. 

 Traditional pharmacotherapies may result in under- 
replacement of nicotine in ST users. In a previous study evaluat-
ing the effi cacy of the 2-mg nicotine gum for ST users, serum 
cotinine concentrations achieved after 4 weeks of nicotine gum 
use were about 32% of the concentrations attained during  ad lib  
ST use ( Hatsukami et al., 1996 ). In our own studies with the 
nicotine patch, we observed that the mean nicotine percentage 
replacement (nicotine percentage replacement = nicotine con-
centrations on nicotine patch/nicotine concentrations with  ad 
lib  ST use × 100%) among ST users who used 3 or more cans/
pouches per week was 53.3%  ±  17.1 with the 21 mg/day nicotine 
patch. Higher doses of NRT or combination NRT (i.e., nicotine 
patch with the nicotine lozenge) may be needed to increase ab-
stinence rates among ST users. 

 Similarities between ST and particular nicotine replacement 
products may negatively impact abstinence rates. The rate of 
absorption, pharmacokinetic pattern similarities, and behav-
ioral similarities may cause a  “ priming effect ”  predisposing to 
relapse, an observation that has been observed across different 
drugs of abuse ( Hatsukami et al., 1996 ,  2000 ). Products like the 
nicotine lozenge may enhance this effect, whereas the nicotine 
patch may overcome this priming effect in ST users. 

 We also postulate that ST users are highly responsive to 
tobacco use interventions, as they are relatively treatment  “ naive ”  
because treatments for ST users are not widely available and ST 
users tend to be younger and healthier ( Ebbert, Carr, & Dale, 
2004 ) and less likely to seek medical attention. This may create 
a  “ ceiling effect ”  with behavioral treatment against which it is 
diffi cult to detect an effect of pharmacotherapy. 

 Another possible explanation of why traditional pharmaco-
therapies do not have demonstrated effi cacy for ST users may 
relate to high abstinence rates in control conditions in ST inter-

vention trials. Studies of pharmacotherapies for the treatment of 
ST users have observed high end-of-treatment point-prevalence 
tobacco abstinence rates in control groups (i.e., 40% – 58%;  Boyle, 
1992 ;  Dale et al., 2007 ;  Hatsukami et al., 1996 ,  2000 ;  Howard-
Pitney et al., 1999 ). Behavioral interventions for ST users have 
clearly been shown to be effective for increasing ST abstinence 
rates (Ebbert, Montori, et al., 2007;  Severson, 2003 ). We postu-
late that these large control group effects may be due, in large 
part, to the number and intensity of the behavioral counseling 
delivered to both study groups in these previous ST intervention 
trials (Boyle; Dale et al.;  Hatsukami et al., 1996 ,  2000 ). In the cur-
rent study, we provided minimal counseling, aiming to optimize 
and limit the amount of behavioral counseling. However, the na-
ture of a multivisit treatment protocol may accentuate the impact 
of behavioral counseling. Although the point-prevalence ST ab-
stinence rate (34.3%) was lower than in previous studies, relapse 
rates among the active nicotine lozenge group were high, result-
ing in no detected differences between groups at 6 months. 

 Our data suggest that future work with the lozenge and ST 
users should focus on lozenge dosing and duration of therapy. 
On average, participants in the active nicotine lozenge group 
used only one half as many lozenges as were allocated for the 
fi rst 6 weeks. In the active lozenge group, only 5% of the par-
ticipants in Weeks 1 – 2, 9% in Weeks 3 – 4, and 7% in Weeks 5 – 6 
used 16 or more lozenges per day. When we analyzed active loz-
enge use among heavier ST users in this study (i.e., participants 
who used  ≥ 3 cans per week), median (interquartile range) loz-
enge use was 7.5 (5.1 – 10.3) lozenges for the fi rst 2 weeks. In our 
previous studies with ST users using 3 or more cans per week, 
mean serum nicotine concentration at steady state was 38 ng/ml 
(median 37.0; range 8 – 95;  n  = 40; Ebbert, Post, et al., 2007). In 
multidose studies of the 4-mg nicotine lozenge, dosing every 90 
min (approximately nine lozenges over 14 hr) achieved maxi-
mal serum nicotine concentrations of 26 ng/ml. In combina-
tion, these data suggest that ST users may be  “ under-replacing ”  
the amount of nicotine to which they are exposed when using 
ST  ad lib . Unlike the previous nicotine lozenge study for ciga-
rette smokers ( Shiffman, 2005 ), we did not provide lozenges to 
be used  ad lib  from Weeks 12 to 24. In the lozenges for smoking 
cessation study, the continuous abstinence rates among the low-
dependency group fell by 10% in the active lozenge group from 
Week 12 to Week 24 and 7% in the placebo. Among the high-
dependency smokers, continuous abstinence rates dropped 
by 12% in the active lozenge group and 4% in placebo. We 
observed a substantial decline in abstinence rates in the active 
lozenge group from Week 12 to Week 24 (i.e., 19% decline for 
point-prevalence ST abstinence). Providing  ad lib  lozenges to 

 Table 3.      Average daily lozenge use in a randomized clinical trial of the 4-mg nicotine 
lozenge for smokeless tobacco users a   

  Study weeks

Placebo Nicotine

 p  b    n Median (25th, 75th)  n Median (25th, 75th)  

  1 – 2 112 6.9 (3.4, 12.0) 122 7.4 (4.2, 10.3) .510 
 3 – 4 97 5.1 (1.7, 10.3) 118 6.9 (3.4, 10.7) .013 
 5 – 6 90 3.4 (0.0, 8.8) 119 7.1 (3.4, 12.0) <.001 
 7 – 12 76 1.9 (0.0, 5.0) 94 4.9 (1.9, 6.3) <.001  

   Note.  a Average daily lozenge use was determined at each study visit during the treatment phase.  
  b  Rank sum test.   
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users after 12 weeks may provide ST users with additional sup-
port to prevent relapse to tobacco use. 

 Interpretation of our results is limited by a technical diffi -
culty we encountered in accomplishing the biochemical coti-
nine and anabasine assays. High urinary concentrations of 
cotinine in the setting of ongoing nicotine lozenge use inter-
fered with the ability of the laboratory to detect anabasine. This 
is supported by the high rate of biochemical disconfi rmation in 
the active lozenge group in the current study compared with the 
lower rates of disconfi rmation in the placebo group and in pre-
vious studies. Among participants in the current study who self-
reported abstinence from tobacco at the end of medication, 
18.3% (11 of 60) failed biochemical confi rmation in the active 
lozenge group and 5.1% (2 of 39) failed in placebo. In our previ-
ous trial of bupropion SR for ST users, the corresponding pro-
portions of biochemical disconfi rmation of individuals who 
self-reported tobacco abstinence at the end of medication were 
3.2% (2 of 62) for bupropion and 7.1% (4 of 56) for placebo 
( Dale et al., 2007 ). Anabasine is present in tobacco but not in 
NRT and can distinguish between exposure to NRT and tobac-
co. Previous investigators have suggested that the simultaneous 
use of anabasine and anatabine to differentiate between NRT 
and tobacco may increase specifi city ( Jacob et al., 2002 ). Our 
laboratory could not measure    anatabine, but we suggest that fu-
ture research with NRT in ST users should use both biomarkers 
to avoid the problems we encountered. 

 We conclude that the 4-mg nicotine lozenge is well tolerated 
and acceptable to ST users and can be used to decrease craving 
and withdrawal symptoms associated with tobacco abstinence. 
Future studies should investigate ways to enhance dosing of the 
nicotine lozenge, since some ST users may be under-replacing 
nicotine with this product. Possible ways to enhance nicotine dos-
ing may include recommending the use of combination NRTs 
(i.e., nicotine patch and lozenge), educating patients on symptom-
triggered dosing, and developing new nicotine delivery devices.   
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