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Safety and Efficacy of the Nicotine Patch and Gum for the Treatment of
Adolescent Tobacco Addiction

Eric T. Moolchan, MD; Miqun L. Robinson, MD, PhD; Monique Ernst, MD, PhD; Jean Lud Cadet, MD;
Wallace B. Pickworth, PhD; Stephen J. Heishman, PhD; and Jennifer R. Schroeder, PhD

ABSTRACT. Objectives. To determine the safety and
efficacy of the nicotine patch and gum for adolescents
who want to quit smoking.

Design. Double-blind, double-dummy, randomized,
3-arm trial with a nicotine patch (21 mg), nicotine gum (2
and 4 mg), or a placebo patch and gum; all participants
received cognitive-behavioral group therapy.

Setting. Inner-city, outpatient clinic on the East Coast.

Subjects. Thirteen- to 17-year-old adolescents who
smoked =10 cigarettes per day (CPD), scored =5 on the
Fagerstrom Test of Nicotine Dependence, and were mo-
tivated to quit smoking.

Intervention. Twelve weeks of nicotine patch or gum
therapy with cognitive-behavioral therapy, with a fol-
low-up visit at 6 months (3 months after the end of
treatment).

Main Outcome Measures. Safety assessed on the ba-
sis of adverse event reports for all 3 groups, prolonged
abstinence, assessed through self-report and verified
with exhaled carbon monoxide (CO) levels of =<6 ppm, in
intent-to-treat analyses, and smoking reduction (CPD
and thiocyanate concentrations) among trial completers.

Results. A total of 120 participants were randomized
(72% white, 70% female; age: 15.2 + 1.33 years; smoking:
18.8 = 8.56 CPD; Fagerstrom Test of Nicotine Depen-
dence score: 7.04 = 1.29) from 1999 to 2003. Participants
started smoking at 11.2 + 1.98 years of age and had been
smoking daily for 2.66 + 1.56 years; 75% had at least 1
current psychiatric diagnosis. Mean compliance across
groups was higher for the patch (mean: 78.4-82.8%) than
for the gum (mean: 38.5-50.7%). Both the patch and gum
were well tolerated, and adverse events were similar to
those reported in adult trials. Changes in mean saliva
cotinine concentrations throughout treatment were not
statistically significant. Intent-to-treat analyses of all ran-
domized participants showed CO-confirmed prolonged
abstinence rates of 18% for the active-patch group, 6.5%
for the active-gum group, and 2.5% for the placebo group;
the difference between the active-patch and placebo arms
was statistically significant. There was no significant
effect of patch versus gum or gum versus placebo on
cessation outcomes. Abstinence rates at the 3-month fol-
low-up assessment were sustained but were not signifi-
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cantly associated with treatment group. Mean smoking
rates, but not CO or thiocyanate concentrations, de-
creased significantly in all 3 arms but not as a function of
treatment group.

Conclusions. Nicotine patch therapy combined with
cognitive-behavioral intervention was effective, com-
pared with placebo, for treatment of tobacco dependence
among adolescent smokers. Decreases in the numbers of
cigarettes smoked appeared to be offset by compensatory
smoking. Additional study of nicotine gum, with en-
hanced instructional support, is needed to assess its ef-
ficacy among adolescent smokers. Pediatrics 2005;
115:e407—-e414. URL: www.pediatrics.org/cgi/d0i/10.1542/
peds.2004-1894; treatment, adolescent, tobacco, nicotine
patch, nicotine gum, cessation, smoking reduction.

ABBREVIATIONS. CPD, cigarettes per day; NRT, nicotine re-
placement therapy; FTND, Fagerstrom Test of Nicotine Depen-
dence; CO, carbon monoxide; IDR, incidence density ratio; CI,
confidence interval; OR, odds ratio.

prevalence among adolescents declined

slightly, although remaining high. Percent-
ages of eighth-, 10th-, and 12th-graders who reported
having smoked in the past 30 days were 10.2%,
16.7%, and 24.4%, respectively, in 2003.! More im-
portantly, tobacco addiction develops among adoles-
cent smokers, and they experience withdrawal
symptoms similar to those of adult smokers when
they try to abstain from smoking.? A large propor-
tion of adolescent smokers have tried unsuccessfully
to stop smoking at least once, most frequently with
acute abstinence (“cold turkey”) methods,® and
many desire treatment to help with cessation.* Most
adolescents with established smoking habits con-
tinue to smoke as adults and incur both short-term
and long-term health consequences, including pre-
mature death.® Therefore, safe and effective smoking
cessation interventions for adolescent smokers are
critically needed.

Although several informative reviews of the ado-
lescent smoking-cessation literature have been pub-
lished in recent years, one challenge remains,
namely, how best to tailor the setting and modalities
for cessation interventions for youths.®® Various
counseling and behavioral, classroom-based ap-
proaches have included infrequent and low-level
smokers with more intense smokers, with some
yielding encouraging short-term quit rates of 30 to
50%.919 Although advocated by expert opinion in a

ﬁ fter having peaked in the late 1990s, smoking
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clinical practice guideline,'! very few pharmacologic
interventions have been evaluated for treating de-
pendent teenage smokers. In open-label trials of the
nicotine patch in combination with group counseling
support, abstinence rates remained very low (4.5-
11.5%).1213 A small-sample (N = 16), open-label, bu-
propion study reported an abstinence rate of 31%
after 4 weeks of treatment.'* Two randomized, ado-
lescent, patch trials have been reported. In the first,
participants were randomized to the patch or pla-
cebo, in combination with intense cognitive-behav-
ioral and contingency management therapies to re-
inforce tobacco abstinence. Cessation rates reached
18% at 3 months, but no significant treatment effect
was observed.!® In the other trial, teen smokers were
assigned randomly to either patch plus bupropion or
patch plus placebo, with weekly group skills train-
ing. Abstinence rates measured at weeks 10 and 26
were 23% and 8% for the patch plus bupropion
group and 28% and 7% for the patch plus placebo
group, respectively.'® Although no treatment effect
was observed, these cessation rates were encourag-
ing.

Relatively low abstinence rates in previous treat-
ment trials with addicted adolescent smokers
prompted us to evaluate biochemically verified re-
duced smoking as a treatment outcome variable.
Treatment-generated reductions in smoking rates
among adults have been reported with pharmaco-
logic methods!”-1” and demonstrate the potential for
deferred quitting.?%2! Despite limited effects on ces-
sation in the open-label youth trials,'>!3 transdermal
nicotine therapy was associated with significant self-
reported decreases in cigarette consumption. This
type of effect has been linked to a reduction of ado-
lescents” smoking in the long term,® which might
translate into health benefits on a population basis if
accompanied by decreases in toxin exposure.??
Moreover, in a longitudinal trial with Swiss youths, a
reduction of 5 cigarettes per day (CPD) during ado-
lescence doubled the chances of being abstinent 3
years later.?> As suggested in a previous report,
lower systemic support for quit attempts, and poten-
tially less motivation, preparation, and success in
achieving total cessation among adolescents, com-
pared with adult smokers, might prompt the consid-
eration of tobacco exposure reduction as an interme-
diate treatment goal for adolescent smokers.?*
Gradual reduction of smoking might also appeal to
subgroups of teen smokers who smoke to self-med-
icate negative cognitive or affective states.?*2>

On the basis of the clinical practice guideline!! and
the observation that youths do purchase and have
access to nicotine replacement therapy (NRT),126 we
designed this pilot trial to determine the safety and
preliminary efficacy of the nicotine gum and patch,
used in combination with cognitive-behavioral
group therapy,?” to help young smokers achieve ces-
sation. Because of the growing interest in therapies
that might aid in reducing smoke exposure and the
possibility that many addicted adolescent smokers
might not be ready for complete cessation,?>?* we
were also interested in determining whether treat-
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ment could produce a substantial reduction in smok-
ing rates among trial-completers.

METHODS

Sample

This study was approved by the National Institute on Drug
Abuse institutional review board and was conducted in Baltimore,
Maryland. Outreach and recruitment were performed from Sep-
tember 1999 to September 2003, through various media (print,
audiovisual, and electronic) advertisements and through various
community channels, such as schools and churches. Adolescent
smokers desiring to quit were encouraged to call for a structured
telephone interview, to determine their initial preeligibility. Call-
ers who reported major physical health problems or untreated
acute psychiatric problems were excluded. Only participants who
were able to discuss their smoking with their parent/guardian,
were motivated to quit (>5 on a 10-point integer scale), and were
planning to remain in the area for the duration of the trial were
invited for on-site screening.

Final eligibility was determined after an on-site history record-
ing, physical examination, and basic laboratory screening. Ado-
lescents 13 through 17 years of age who were in general good
health, had smoked =10 CPD for =6 months, had a minimal score
of 5 on the Fagerstrom Test of Nicotine Dependence (FTND), and
were motivated to stop smoking were eligible to participate. Preg-
nancy, lactation, chronic skin conditions, use of other tobacco
products, and current use (within the past 30 days) of medications
for smoking cessation (eg, NRT or bupropion) were reasons for
exclusion. Drug or alcohol dependence other than nicotine and
current mania, psychosis, and acute depression, according to the
Diagnostic Interview of Children and Adolescents,?® which was
based on the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, were also exclusion criteria. However, candidates
taking psychotropic medications not prescribed for smoking ces-
sation were included in the trial.

Procedures

Adolescents who qualified through a 10- to 15-minute tele-
phone screening were invited, with a parent or guardian, to an
orientation meeting in which an overview of the study and clinic
functioning was presented. Signed informed assent and consent
were obtained from all adolescents and their parents or legal
guardians, respectively. A “universal” Fagerstrom questionnaire,
which included the FTND and more youth-appropriate versions
of the questionnaire, and other baseline sociodemographic assess-
ments were completed. Expired-air carbon monoxide (CO) testing
(Vitalograph, Lenexa, KS) was performed, blood was drawn, and
saliva was collected for measurement of baseline (while the sub-
jects were smoking their usual numbers of cigarettes) nicotine,
cotinine, and thiocyanate concentrations. Female adolescents of
childbearing potential were required to have a negative pregnancy
test before being randomized. The target quit date was set 1 week
after the 2 baseline clinic visits.

On the quit date, participants were instructed in the use of the
21-mg nicotine patch and gum (2 mg if smoking =24 CPD or 4 mg
if smoking >24 CPD), according to Food and Drug Administra-
tion labeling, and were given self-help materials from the package
insert used for the over-the-counter products. Participants weigh-
ing <100 pounds (45 kg) and smoking <20 CPD at baseline
received the 14-mg patch. GlaxoSmithKline (Research Triangle
Park, NC) provided study medication (Nicoderm, 21 mg and 14
mg; Nicorette, 2 mg and 4 mg) but did not participate in the study
design, study performance, or data analysis. Participants were
told to use the gum as needed, with the approximate goal of using
one half their baseline reported CPD values in numbers of pieces
of gum (eg, 10 pieces of gum for smokers smoking 1 pack per day,
as a guideline) for the beginning of treatment. For this double-
blind study, adolescents were randomized to 1 of 3 groups ac-
cording to an algorithm held by the National Institute on Drug
Abuse Pharmacy, with true replacement of trial-noncompleters.
Because both the patch and gum are used commonly, the 3 groups
included (1) active patch and placebo gum, (2) active gum and
placebo patch, and (3) placebo gum and placebo patch. Adoles-
cents were asked to complete a weekly questionnaire recording
the number of cigarettes smoked, tobacco craving, and symptoms
of tobacco withdrawal and depression.?? Nurses recorded vital
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signs, including height and weight, and provided minimal indi-
vidual counseling (3-4 minutes) to address possible medication
side effects and proper use of the nicotine patch and gum. Trained
study assistants aided in data collection. After the 2 baseline visits,
participants attended 11 visits over a total of 12 weeks of treatment
(Fig 1 illustrates the study timeline). At each visit, vital signs and
exhaled CO were measured and saliva specimens were collected
for later cotinine and thiocyanate assays. Assays were completed
by Labstat, Inc (Kitchener, Ontario, Canada). Used and unused
patches were collected, and a new supply was dispensed. Partic-
ipants were queried regarding any adverse reactions and concom-
itant medication use since the last visit. Information on adverse
events was elicited through open-ended questions (eg, “How have
you been feeling since the last visit”) and also through direct
prompting of teens to indicate whether specific side effects on a
questionnaire had been experienced. A monthly urine pregnancy
test was performed for female participants. Subjects returned at 6
months (3-month posttreatment follow-up visit) for assessment of
self-reported smoking status and expired-air CO measurements;
saliva samples were collected for quantification of cotinine and
thiocyanate. Participants attended a 45-minute cognitive-behav-
ioral group therapy session led by a trained social worker at the
end of each treatment visit. The aim of the cognitive-behavioral
therapy was to help participants identify and address specific
factors that led either to smoking or to maintaining abstinence
from smoking behavior and manage life stressors better by using
effective, adaptive, coping skills.?” Study participants were com-
pensated with $90 for the baseline assessment and $135 after study
completion for research activities other than treatment.

Data Analyses

Given 3 study groups, for a power of .80 and an « level of .05,
based on reported values for adult populations®® and assuming a
70% reduction of smoke exposure in the active-medication groups,
the approximate sample size needed to perform an analysis of
variance for the main outcome variable (saliva thiocyanate con-
centrations) was estimated at 17 for each group. Given an antici-
pated attrition rate of 55%, 40 patients for each group were re-
quired to obtain a total of 51 completers. The sample of 53
completers slightly exceeded the 51 planned.

The other study end points were measures of cessation, ie,
point prevalence abstinence and prolonged abstinence. For
weekly point prevalence abstinence rates, subjects were consid-
ered abstinent from smoking if they self-reported not smoking
during the 7 days before a visit and had an expired-air CO level of
=6 ppm at that visit. Subjects missing visits for any reason were
considered to be smoking at the time of the missed visits. Pro-
longed abstinence was defined as point prevalent abstinence
maintained throughout the trial, after an initial 2-week grace
period after the quit date.3.32

Self-reported smoking rates reported at each visit were sum-
marized as mean CPD values and calculated as change from
baseline. The data were summarized with weekly means for each
of the 6 weeks of the medication phase and at the 12-week and
6-month follow-up visits.

The 3 treatment groups were compared with respect to demo-
graphic and smoking history variables with analysis of variance
for continuous variables and x? tests for categorical variables. Any

Phone Screen

variable found to be associated with treatment group assignment
was considered a potential confounder and was included as a
covariate in outcome analyses if also associated with the outcome
measure. Nonparametric survival analysis techniques (log-rank
and Wilcoxon tests) were used to determine whether treatment
groups differed with respect to retention. Incidence density ratios
(IDRs) were calculated to compare rates of adverse events in each
active-treatment group with those in the placebo group; the IDR
equals the adverse event count per person-weeks of follow-up
monitoring for each active-medication group divided by the ad-
verse event count per person-weeks of follow-up monitoring for
the placebo group. When the rate of adverse events in either
active-medication arm exceeded that in the placebo arm (ie, IDR >
1), a 1-sided hypothesis test was used to determine whether the
excess was statistically significant (P < .05). The normal approxi-
mation to the binomial was used when warranted; otherwise, an
exact binomial test was performed.

Fisher’s exact tests, x? tests, and logistic regression analyses
were used to assess the effect of treatment group assignment on
smoking cessation (both prolonged abstinence and point preva-
lence abstinence). Treatment groups were coded such that each
active-medication arm was compared with placebo. Fisher’s exact
tests and x? tests were performed to determine whether frequen-
cies of participants achieving abstinence were associated with
treatment group assignment, with contingency tables, and
whether maximal likelihood parameter estimates from logistic
regression models differed from 0; the treatment effect was con-
sidered statistically significant if the P value was <.05. Analysis of
variance with planned contrasts (patch versus placebo and gum
versus placebo) was used to determine whether continuous out-
come measures (compliance rates, reductions in CPD values, CO
levels, and saliva thiocyanate levels, and withdrawal symptoms)
were associated with treatment group assignment. Compliance for
the patch was defined as the number of patches used for the first
30 days of treatment divided by 30; compliance for the gum was
defined as the number of reported pieces of gum used during the
first 30 days divided by one half the baseline reported CPD value
times 30. Paired t tests were used to determine the significance of
changes observed in continuous measures of smoking during the
trial (before/after differences in CPD values, CO levels, and saliva
thiocyanate levels). For cessation end points, an intent-to-treat
analysis was performed that included all participants randomized
(n = 120); participants who dropped out were assumed to have
been smoking. For all other end points, the analysis included
participants for whom data were available.

RESULTS
Participant Characteristics

Of 1347 adolescents who telephoned the clinic in
response to advertisements, 329 were preeligible in
telephone screenings and 159 presented for on-site
screening, as described in a separate report.> Of the
159 adolescents who presented for enrollment, 39
(24.5%) were not randomized, after on-site evalua-
tions indicated their ineligibility (Fig 2).

Quit Date T8 T11 T12
T1 Phone
3 Days T4 16 T10 Call  Phone
Weekly Bi-weekly Three Months
V2
Thursday
V1
Monday 1 Week 6 Weeks 12 Weeks 26 Weeks

Fig 1. Study timeline.
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Eligible per Phone Screen

329
Consented to Study Failed to Show
159 170
Fig 2. Participant enrollment flow chart.
Randomized
120
Ineligible (39)
22 - Psychiatric Problems
l l 9 - Medical Problems
\ A 4 - Substance Abuse/Dependence
Patch Gum Placebo 2 - Attempting to conceive
34 46 40 2 - Failed to return

One hundred twenty participants were random-
ized to receive treatment; 53 completed the study.
Overall, randomized subjects were 15.2 = 1.33 years
of age, 72.5% white, and 70.0% female. At the time of
admission, they smoked an average of 18.8 = 8.56
CPD and had a mean FTND score of 7.04 + 1.29,
indicating high dependence. Participants started
smoking at 11.2 * 1.98 years of age and had been
smoking daily for 2.66 + 1.56 years. Table 1 provides
the characteristics according to treatment group.
Only the age at which subjects started smoking was
significantly associated with treatment group assign-
ment [F(2111) = 4.25, P = .017]; participants assigned
to receive the patch started smoking at a later age.
The age at which subjects started smoking was sig-
nificantly associated with prolonged abstinence and
CPD reduction; therefore, this variable was used as a
covariate in analyses of these outcomes.

Baseline psychiatric assessments revealed that 90
subjects (75%) had at least 1 current psychiatric di-
agnosis, according to the Diagnostic Interview for
Children and Adolescents.?® The most frequently
represented categories were oppositional defiant dis-
order (40%), conduct disorder (15%), attention-defi-
cit/hyperactivity disorder (current: 7%; previous:
11%), and premenstrual dysphoric disorder (11%).
The percentages of participants with at least 1 psy-
chiatric diagnosis in each treatment group were as
follows: patch, 64%; gum, 75%; placebo, 85%. Several

applicants were enrolled in the trial while taking
prescribed psychotropic medications, including (cat-
egories not mutually exclusive) sertraline (6 sub-
jects), methylphenidate (4 subjects), paroxetine (4
subjects), fluoxetine (3 subjects), hydroxyzine (2 sub-
jects), citalopram (2 subjects), trazodone (2 subjects),
venlafaxine (2 subjects), risperidone (1 subject), and
olanzapine (1 subject).

The proportions of randomized participants who
completed the study were 41.3% (19 of 46 subjects)
for the gum group, 52.9% (18 of 34 subjects) for the
patch group, and 40.0% (16 of 40 subjects) for the
placebo group; differences in study completion rates
were not statistically significant (x* test). Treatment
group differences in retention times were not statis-
tically significant (P = .71 with log-rank test and P =
.60 with Wilcoxon test for homogeneity of survival
curves).

Safety

Safety was assessed on the basis of all self-reported
adverse events throughout the trial and nicotine and
cotinine concentrations in saliva. Of 745 total adverse
events documented during the trial, the frequencies
of events, in descending order, were as follows: pru-
ritus, 130 cases; erythema, 111 cases; headache, 86
cases; fatigue, 67 cases; viral infection, 63 cases; in-
somnia, 43 cases; cough, 32 cases; nausea, 31 cases;
jaw pain, 30 cases; anxiety, 26 cases; sore throat, 24

TABLE 1. Participant Characteristics (N = 120)
Patch (n = 34) Gum (n = 46) Placebo (n = 40)

Age, y 154 = 141 15.0 = 1.31 15.2 = 1.29
Female, % 61.8 69.6 77.5
White, % 79.4 65.2 75.0
FTND score 7.00 = 1.11 7.09 + 1.39 7.00 = 1.32
CPD 17.7 = 6.45 18.9 = 8.96 19.6 £9.70
Age started smoking, y* 12.1 = 1.87 11.0 = 1.99 109 = 1.91
Years smoked daily 2.57 £1.29 2.73 = 1.88 2.66 = 1.35

*P < .05.
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cases; hiccup, 22 cases; dyspepsia, 22 cases; shoulder
or arm pain, 18 cases; dizziness, 15 cases; congestion,
10 cases; edema, 10 cases; constipation, 3 cases; diar-
rhea, 2 cases; other, 18 cases. Active medication was
associated with a statistically significant increase in
adverse events for the following symptom catego-
ries: sore throat (gum versus placebo, IDR = 4.79, P
=.0007), hiccups (gum versus placebo, IDR = 2.79, P
= .014), shoulder/arm pain (patch versus placebo,
IDR = 4.63, P = .0011), pruritus (patch versus pla-
cebo, IDR = 1.63, P = .033; gum versus placebo, IDR
= 1.95, P = .003), and erythema (patch versus pla-
cebo, IDR = 1.97, P = .0045). Table 2 provides the
frequency of adverse events according to treatment
arm. Overall, the highest (mean * SD) saliva cotinine
concentrations were observed at the 2.5-month
postquit visit (T10), but the increase over baseline
was not significant in either treatment group (data
not shown).

Cessation

The proportions of participants who achieved pro-
longed abstinence (continuous abstinence as of 2
weeks after randomization) were as follows: patch
group, 6 of 34 subjects (17.7%); gum group, 3 of 46
subjects (6.5%); placebo group, 1 of 40 subjects (2.5%)
(Fig 3). For prolonged abstinence, a trend toward
statistical significance was found for the overall ef-
fect of treatment (2-tailed Fisher’s exact test, P =
.066). Two-tailed Fisher’s exact tests showed that the
direct comparison between patch and placebo was
statistically significant (P = .043), whereas the com-
parison between gum and placebo was not statisti-
cally significant (P = .62). Post hoc comparisons of
the patch and gum groups revealed no statistically
significant difference. The odds ratio (OR) of pro-
longed abstinence for the patch group, compared
with the placebo group, was 8.36 (95% confidence
interval [CI]: 0.95-73.3; P = .055) and that for the
gum group, compared with the placebo group, was
2.72 (95% CI: 0.27-27.3; P = .39); adding the age at
which the subjects started smoking as a covariate in

(]
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Prolonged Abstinence (%)
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Fig 3. Prolonged abstinence at 3 months, according to intent-to-
treat analysis.

the logistic regression model did not alter the results
substantively.

In addition to prolonged abstinence, we examined
point prevalence abstinence at 3 time points, ie, 1
week after the quit date, at the end of the study, and
3 months after study completion. At 1 week after the
quit date, a time at which patient follow-up moni-
toring might begin in a standard medical practice,
proportions of abstinent participants were as fol-
lows: patch group, 9 of 34 subjects (26.5%); gum
group, 8 of 46 subjects (17.4%); placebo group, 2 of 40
subjects (5.0%). The OR of point prevalence absti-
nence for the patch group, compared with the pla-
cebo group, was 6.84 (95% CI: 1.36-34.33; P = .02)
and that for the gum group, compared with the
placebo group, was 4.00 (95% CI: 0.80-20.1; P = .09).
Two-tailed Fisher’s exact tests found the effect for
patch versus placebo to be statistically significant
(P = .030), whereas the effect for gum versus placebo
was not (P = .45). Post hoc comparison of the patch
and gum groups revealed no statistically significant
difference in rates of point prevalence abstinence at 1
week after the quit date. The proportions of abstinent
participants according to group did not change from
study completion to 3 months after study comple-

TABLE 2. Adverse Events Among Randomized Participants (N = 120), Listed In Order of Decreasing Overall Frequency, According
to Treatment Group
Patch Gum Placebo Elevated in Active-Medication
(476 person-wk) (552.1 person-wk) (439.9 person-wk) Group, Compared with Placebo
Pruritus 44 61 25 Patch, P = .033; gum, P = .003
Erythema 49 39 23 Patch, P = .0045
Headache 24 26 36
Fatigue 15 20 32
Viral infection 14 30 19
Insomnia 13 17 13
Cough 9 15 8
Nausea 10 10 11
Jaw pain 10 12 8
Anxiety 6 13 7
Sore throat 3 18 3 Gum, P = .0007
Hiccups 4 14 4 Gum, P = .014
Dyspepsia 4 10 8
Shoulder or arm pain 15 0 3 Patch, P = .00011
Dizziness 3 3 9
Congestion 3 3 4
Edema 4 2 4
Constipation 3 0 0
Diarrhea 0 0 2
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tion: patch, 20.6%; gum, 8.7%; placebo, 5%. Point
prevalence abstinence results were highly concor-
dant at the end of treatment (T11) and at the 3-month
follow-up evaluation (T12). In the patch group, 1
participant was abstinent at T11 but not at T12 and
another participant was abstinent at T12 but not at
T11; the same was true for the gum group. For the
placebo group, 2 participants were abstinent at T11
but not T12 and another 2 were abstinent at T12 but
not T11. At study completion (T11) and 3 months
after study completion (T12), logistic regression anal-
yses showed a trend toward significance for the ef-
fect of the patch, compared with placebo (OR: 4.93;
95% CI: 0.95-25.6; P = .058), and no significance for
the effect of gum (OR: 1.81; 95% CI: 0.31-10.4; P =
.51). Figure 4 displays point prevalence abstinence,
according to intent-to-treat analysis, at each visit
throughout the study.

Reduction

Percent reduction was calculated with the follow-
ing formula: % reduction = 100 X [(follow-up value
— baseline value)/baseline value]. Therefore, a neg-
ative sign indicates reduction and a positive sign
denotes increase. Mean reductions in self-reported
CPD values exceeding 80% were observed for all 3
treatment groups at the end of the treatment phase;
these reductions were significantly different from 0
with paired t tests. However, analysis of variance
with contrasts showed that these decreases were not
associated with treatment group assignment (Table
3). Adding the age at which subjects started smoking
as a covariate did not alter the findings. The mean
changes in both expired CO and saliva thiocyanate
levels did not differ from 0 and did not differ accord-
ing to treatment group (Table 3).

Compliance

Mean compliance rates based on daily use of the
patch were 78.4% for the patch group, 82.8% for the
gum group, and 80.9% for the placebo group. Anal-
yses of variance showed no significant differences
among treatment groups in the proportions of
patches used.

Compliance rates for gum use during the first
month of the trial (based on the recommended
amount of use according to pretreatment CPD val-
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Fig 4. Point prevalence abstinence, according to intent-to-treat
analysis.
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ues) were 42.1% for the patch group, 38.5% for the
gum group, and 50.7% for the placebo group. Anal-
ysis of variance with planned contrasts showed that
compliance in the gum group differed significantly
from that in the placebo group [F(1100) = 5.59, P =
.020].

DISCUSSION

The main finding from our study was that the
nicotine patch was significantly more effective than
placebo in helping dependent adolescent smokers
receiving cognitive-behavioral therapy quit smoking
(prolonged abstinence). Despite the absence of sig-
nificant group differences in rates measured at the
end of treatment, there was a trend toward higher
point prevalence abstinence rates in the patch group,
compared with the placebo group, that was sus-
tained at the 3-month follow-up visit. The large effect
size (OR: 8.36) for the comparison of the patch versus
placebo for prolonged abstinence suggests a clini-
cally significant effect; however, the wide CI (95% CI:
0.95-73.3) indicates a lack of statistical power. This is
not surprising, because the study was designed to
have sufficient statistical power to detect a signifi-
cant reduction but not a cessation effect. Future stud-
ies of NRT among adolescent smokers should be
designed to detect group differences in abstinence
rates.

Despite substantial psychiatric comorbidity in our
recruited sample, cessation rates obtained in this
study were comparable to those reported previously
from youth studies!'?>!534 and slightly lower than
those from adult studies (15-28% at 6 months) with
NRT.3>37 Unlike cessation, reductions in cigarette
consumption were not significantly associated with
treatment group assignment. Although the degree of
reduction in smoking achieved by study participants
(means exceeding 80% for all 3 groups) appeared
encouraging, neither biomarker of smoke exposure
(ie, expired CO or saliva thiocyanate levels) declined
during the trial, perhaps because of compensatory
smoking (eg, deeper inhalation), reducing the infer-
ence of any health benefit related to smoking reduc-
tion. Alternatively, teens might have reported their
cigarette consumption inaccurately. These results are
consistent with findings from 2 adult studies, in
which reductions in the numbers of cigarettes
smoked were not accompanied by reductions in CO
or thiocyanate concentrations®* or reductions smaller
than corresponding reductions in cigarette consump-
tion were observed.?! Active medication did not af-
fect withdrawal scores in the current study, contrary
to a previous study in which the patch group expe-
rienced a significant decrease in withdrawal scores,
compared with placebo (data not shown).!®

The nicotine patch and gum were well tolerated in
this study and appeared safe. For the patch, this was
similar to previous studies with adolescents,!213.15.16
and the adverse event profile was consistent with
that from previous studies with adults.?® Although
we were not able to obtain adverse event data from
trial dropouts, our clinical impression was that ad-
verse events did not affect retention substantially.
This is also suggested by the superior cessation out-
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TABLE 3.

Percentage Reductions in Measures of Smoking Among Completers, According to Treatment Group (N = 52)

Patch

Gum Placebo

Change in CPD, T11 — V1, %
Change in CO level, T11 — V1, %
Change in saliva thiocyanate level, T11 — V1, %

—80.4 = 7.52 (N = 18)*
105 = 19.7 (N = 18)
1.69 = 26.6 (N = 13)

—85.1 = 5.13 (N = 18)*
37.7 +30.5 (N = 18)
17.7 = 23.7 (N = 12)

—89.6 = 4.98 (N = 16)*
30.8 + 33.2 (N = 16)
9.90 = 13.5 (N = 9)

* Percentage change significantly different from 0 (P < .05) by paired ¢ test.

come for the patch group, which reported the highest
rate of side effects. We did not find any previously
reported controlled studies of the gum among ado-
lescents. Although not considered an adverse event,
our clinical perception was that the aversive taste of
the gum might have reduced compliance in the ac-
tive-gum arm. Cotinine concentrations remained
within the range from other similar studies, which
suggests that the patch and gum remained safe for
adolescents who continued to smoke. Although our
attrition rate of 54% was high, it had been anticipated
and was comparable to the 61% dropout rate recently
reported for adolescent participants who attended
trial visits at a research office.!> Clearly, creative
strategies are needed to retain adolescents in future
medication trials that aim to treat tobacco depen-
dence.

Several limitations of this study warrant attention.
Only a small percentage of applicants who inquired
via telephone were enrolled, compared with a previ-
ous randomized trial.!> Stringent consumption and
dependence eligibility criteria for this trial seem to
have offset our otherwise liberal inclusion of partic-
ipants with psychiatric disorders and drug and alco-
hol use. Alternatively, differences in sociodemo-
graphic characteristics in our trial, compared with
the trial by Hanson et al,'> might have affected eli-
gibility for study participation. One example of this
is our previously reported inadvertent exclusion of
some black adolescents because of the their lower
FIND scores.?*40 The enrollment/randomization of
only a small percentage of initial applicants is regret-
table; however, as a first step, important information
for developing and implementing other youth cessa-
tion research was obtained.3® This was a rather
lengthy study (3 months), with trial-related research
procedures (eg, group therapy and questionnaire
completion) exceeding standard practice-based ces-
sation procedures at each visit. We wanted to obtain
practical information pertaining to the use of both
available over-the-counter modalities of NRT (of
which only 1 was active) simultaneously. The exter-
nal validity of this approach was based on the obser-
vations that both the patch and the gum are used
commonly, often in combination, for cessation or
reduction attempts.3”3® The high degree of psychiat-
ric comorbidity in this sample might have reduced
cessation success.*1#2 Overall, gum compliance was
suboptimal. Higher gum use in the placebo group
might be attributable to increased use in a continued
attempt to obtain an effect of the medication or,
alternatively, less aversion for the placebo versus the
active gum. Future studies with the nicotine gum
among adolescents should test the recently available
mint-flavored gum and provide increased, detailed,
instructional support and rehearsal of gum use.

Downloaded from www.pevc\ilivélt‘r/}’égorg

Because of the inclusion of highly addicted adoles-
cents with substantial comorbidity, results from our
sample can be extended to a broad range of settings
in which adolescents might be seen for treatment of
tobacco addiction and other clinical concerns. Al-
though these results do not answer definitively the
question of the efficacy of the patch or gum for
treating adolescent smokers, the current findings
lend empirical support to the US Public Health Ser-
vice clinical practice guideline!! for pediatricians,
family practitioners, and other practitioners to pre-
scribe or to recommend more consistently the nico-
tine patch, in addition to developmentally appropri-
ate behavioral and counseling support, for
adolescent smokers who are attempting to quit.

ACKNOWLEDGMENTS

This work was supported by funds from the National Institute
on Drug Abuse, Intramural Research Program.

We thank GlaxoSmithKline (Research Triangle Park, NC) for
providing us with study medications (21- and 14-mg Nicoderm, 2-
and 4-mg Nicorette, and placebo patch and gum). This trial would
not have been possible without the support of the Teen Tobacco
Addiction Treatment Research Clinic staff, including Alex
Radzius, MHS, A. Thiri Aung, MD, Maria Gasior, MD, Frederick
H. Franken, BS, Charles Collins, BA, Nelda Snidow, RN, and
Debra Zimmerman, RN. We are grateful to Susan J. Ruckel,
LCSW-C, and the staff of NOVA Research. Finally, we acknowl-
edge the invaluable contributions of Drs Jack E. Henningfield,
Edward J. Cone, and Marilyn A. Huestis.

REFERENCES

1. Johnson KC, Klesges LM, Somes GW, Coday MC, DeBon M. Access of
over-the-counter nicotine replacement therapy products to minors. Arch
Pediatr Adolesc Med. 2004;158:212-216

2. Rojas NL, Killen JD, Haydel KF, Robinson TN. Nicotine dependence
among adolescent smokers. Arch Pediatr Adolesc Med. 1998;152:151-156

3. Myers MG, MacPherson L. Smoking cessation efforts among substance
abusing adolescents. Drug Alcohol Depend. 2004;73:209-213

4. Centers for Disease Control and Prevention. Preventing Tobacco Use
Among Young People: A Report of the Surgeon General. Washington, DC:
US Government Printing Office; 1994

5. Chassin L, Presson CC, Sherman SJ, Edwards DA. The natural history of
cigarette smoking: predicting young-adult smoking outcomes from ad-
olescent smoking patterns. Health Psychol. 1990;9:701-716

6. Backinger CL, McDonald P, Ossip-Klein D], et al. Improving the future
of youth smoking cessation. Am | Health Behav. 2003;27(suppl 2):5170 —
5184

7. Sussman S. Effects of sixty six adolescent tobacco use cessation trials
and seventeen prospective studies of self-initiated quitting. Tob Induced
Dis. 2002;1(1):35-81

8. McDonald P, Colwell B, Backinger CL, Husten C, Maule CO. Better
practices for youth tobacco cessation: evidence of review panel. Am |
Health Behav. 2003;27(suppl 2):5144—S158

9. Sussman S, Dent CW, Lichtman KL. Project EX: outcomes of a teen
smoking cessation program. Addict Behav. 2001,26:425-438

10. Adelman WP, Duggan AK, Hauptman P, Joffe A. Effectiveness of a high
school smoking cessation program. Pediatrics. 2001;107(4). Available at:
www.pediatrics.org/cgi/content/full /107 /4/e50

11. Fiore M, Bailey W, Cohen S. Treating Tobacco Use and Dependence: Clinical
Practice Guideline. Rockville, MD: US Department of Health and Human
Services; 2000

12. Smith TA, House RF Jr, Croghan IT, et al. Nicotine patch therapy in
adolescent smokers. Pediatrics. 1996;98:659—-667

edla[;c{,%sﬁ(‘)lw 8%6881 /10.1542 /peds.2004-1894 e413


http://pediatrics.aappublications.org

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

ed414

Hurt RD, Croghan GA, Beede SD, Wolter TD, Croghan IT, Patten CA.
Nicotine patch therapy in 101 adolescent smokers: efficacy, withdrawal
symptom relief, and carbon monoxide and plasma cotinine levels. Arch
Pediatr Adolesc Med. 2000;154:31-37

Upadhyaya HP, Brady KT, Wang W. Bupropion SR in adolescents with
comorbid ADHD and nicotine dependence: a pilot study. | Am Acad
Child Adolesc Psychiatry. 2004;43:199-205

Hanson K, Allen S, Jensen S, Hatsukami D. Treatment of adolescent
smokers with the nicotine patch. Nicotine Tob Res. 2003;5:515-526
Killen JD, Robinson TN, Ammerman S, et al. Randomized clinical trial
of the efficacy of bupropion combined with nicotine patch in the treat-
ment of adolescent smokers. | Consult Clin Psychol. 2004;72:729-735
Bolliger CT, Zellweger JP, Danielsson T, et al. Smoking reduction with
oral nicotine inhalers: double blind, randomised clinical trial of efficacy
and safety. BMJ. 2000;321:329-333

Etter JF, Laszlo E, Zellweger JP, Perrot C, Perneger TV. Nicotine re-
placement to reduce cigarette consumption in smokers who are unwill-
ing to quit: a randomized trial. | Clin Psychopharmacol. 2002;22:487-495
Windsor RA, Li CQ, Boyd NR Jr, Hartmann KE. The use of significant
reduction rates to evaluate health education methods for pregnant
smokers: a new harm reduction behavioral indicator? Health Educ Behav.
1999;26:648-662

Eliasson B, Hjalmarson A, Kruse E, Landfeldt B, Westin A. Effect of
smoking reduction and cessation on cardiovascular risk factors. Nicotine
Tob Res. 2001;3:249-255

Wennike P, Danielsson T, Landfeldt B, Westin A, Tonnesen P. Smoking
reduction promotes smoking cessation: results from a double blind,
randomized, placebo-controlled trial of nicotine gum with 2-year fol-
low-up. Addiction. 2003;98:1395-1402

Stratton K, Shetty P, Wallace R, Bondurant S. Clearing the smoke: the
science base for tobacco harm reduction: executive summary. Tob Con-
trol. 2001;10:189-195

Schmid H. Predictors of cigarette smoking by young adults and readi-
ness to change. Subst Use Misuse. 2001;36:1519-1542

Moolchan ET, Aung AT, Henningfield JE. Treatment of adolescent
tobacco smokers: issues and opportunities for exposure reduction ap-
proaches. Drug Alcohol Depend. 2003;70:223-232

Windle M, Windle RC. Depressive symptoms and cigarette smoking
among middle adolescents: prospective associations and intrapersonal
and interpersonal influences. | Consult Clin Psychol. 2001;69:215-226
Klesges LM, Johnson KC, Somes G, Zbikowski S, Robinson L. Use of
nicotine replacement therapy in adolescent smokers and nonsmokers.
Arch Pediatr Adolesc Med. 2003;157:517-522

Moolchan E, Ruckel S. Tobacco cessation for adolescents: developing a
group therapy approach. | Child Adolesc Subst Abuse. 2002;12:65-92

Down rom www.pt

NICOTINE PATCH AND GUIY{)EIZPeé{fADOLESCEéi\Ia"{r

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Reich W. Diagnostic Interview for Children and Adolescents (DICA).
J Am Acad Child Adolesc Psychiatry. 2000;39:59-66

Hughes JR, Hatsukami D. Signs and symptoms of tobacco withdrawal.
Arch Gen Psychiatry. 1986;43:289-294

Jarvis MJ, Tunstall-Pedoe H, Feyerabend C, Vesey C, Saloojee Y. Com-
parison of tests used to distinguish smokers from nonsmokers. Am |
Public Health. 1987,77:1435-1438

Hughes JR, Keely JP, Niaura RS, Ossip-Klein D], Richmond RL, Swan
GE. Measures of abstinence in clinical trials: issues and recommenda-
tions. Nicotine Tob Res. 2003;5:13-25

Mermelstein R, Colby SM, Patten C, et al. Methodological issues in
measuring treatment outcome in adolescent smoking cessation studies.
Nicotine Tob Res. 2002;4:395-403

Moolchan ET, Robinson ML, Schroeder JR. Adolescent smokers
screened for a smoking cessation treatment study: correlates of eligibil-
ity and enrollment. Presented at: 11th Annual Meeting and 7th Annual
European Conference of the Society for Research on Nicotine and
Tobacco; March 19-23, 2005; Prague, Czech Republic

Hurt RD, Croghan GA, Wolter TD, et al. Does smoking reduction result
in reduction of biomarkers associated with harm? A pilot study using a
nicotine inhaler. Nicotine Tob Res. 2000;2:327-336

Lerman C, Kaufmann V, Rukstalis M, et al. Individualizing nicotine
replacement therapy for the treatment of tobacco dependence: a ran-
domized trial. Ann Intern Med. 2004;140:426—-433

Silagy C, Lancaster T, Stead L, Mant D, Fowler G. Nicotine replacement
therapy for smoking cessation. Cochrane Database Syst Rev. 2004:
CD000146

Bolliger CT. Practical experiences in smoking reduction and cessation.
Addiction. 2000;95(suppl 1):519-524

Tonnesen P. Smoking cessation: nicotine replacement, gums and
patches. Monaldi Arch Chest Dis. 1999;54:489—-494

Moolchan ET, Berlin I, Robinson ML, Cadet JL. African-American teen
smokers: issues to consider for cessation treatment. | Natl Med Assoc.
2000;92:558-562

Moolchan ET, Berlin I, Robinson ML, Cadet JL. Characteristics of Afri-
can American teenage smokers who request cessation treatment: impli-
cations for addressing health disparities. Arch Pediatr Adolesc Med. 2003;
157:533-538

Brown RA, Lewinsohn PM, Seeley JR, Wagner EF. Cigarette smoking,
major depression, and other psychiatric disorders among adolescents.
J Am Acad Child Adolesc Psychiatry. 1996;35:1602-1610

Glassman AH, Helzer JE, Covey LS, et al. Smoking, smoking cessation,
and major depression. JAMA. 1990;264:1546-1549

MOKER!
iscsogg y osn July 6, 2009


http://pediatrics.aappublications.org

Safety and Efficacy of the Nicotine Patch and Gum for the Treatment of

Adolescent Tobacco Addiction

Eric T. Moolchan, Migun L. Robinson, Monique Ernst, Jean Lud Cadet, Wallace B.
Pickworth, Stephen J. Heishman and Jennifer R. Schroeder

Pediatrics 2005;115;e407-e414

Updated Information
& Services

References

Citations

Subspecialty Collections

Permissions & Licensing

Reprints

DOI: 10.1542/peds.2004-1894

including high-resolution figures, can be found at:
http://www.pediatrics.org/cgi/content/full/115/4/e407

This article cites 33 articles, 13 of which you can access for free
at:
http://www.pediatrics.org/cgi/content/full/115/4/e407#BIBL

This article has been cited by 8 HighWire-hosted articles:
http://www.pediatrics.org/cgi/content/full/115/4/e407#otherarticl
es

This article, along with others on similar topics, appearsin the
following collection(s):

Office Practice
http://www.pediatrics.org/cgi/collection/office_practice

Information about reproducing this articlein parts (figures,
tables) or in its entirety can be found online at:
http://mww.pediatrics.org/misc/Permissions.shtml

Information about ordering reprints can be found online:
http://www.pediatrics.org/misc/reprints.shtml

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from www.pediatrics.org by on July 6, 2009



http://www.pediatrics.org/cgi/content/full/115/4/e407
http://www.pediatrics.org/cgi/content/full/115/4/e407#BIBL
http://www.pediatrics.org/cgi/content/full/115/4/e407#otherarticles
http://www.pediatrics.org/cgi/collection/office_practice
http://www.pediatrics.org/misc/Permissions.shtml
http://www.pediatrics.org/misc/reprints.shtml
http://pediatrics.aappublications.org

