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Abstract Progress in understanding the pharmacological nature of tobacco addiction,

along with the modest success rates achieved by the nicotine replacement thera-
pies, has provided the major impetus for the development of non-nicotine drugs
as smoking cessation aids. Thisarticle reviews evidence from controlled trial s of
severa non-nicotine medications for the treatment of nicotine dependence.
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Clonidine wasthe first non-nicotine medication to show efficacy for smoking
cessationin multiplestudies, but itseffect wasfound to belimited at best. Positive
results across severa trials have been consistently demonstrated for amfebu-
tamone (bupropion). Encouraging results have also been observed for nortrip-
tyline and moclobemide. Studies of combined treatments using non-nicotine
medications (amfebutamone, mecamylamine, oral dextrose) with nicotine replace-
ment therapy suggest increased efficacy relative to treatments using one or the
other treatment strategy aone.

Thus, available evidence indicates that non-nicotine drug treatments offer a
promising panoply of therapeutic strategies for the addicted smoker.

Treatmentsfor addictivedisordershaveevolved
with our understanding of the pharmacology of drug
dependence. The history of smoking cessation treat-
ments exemplifies this association. The earliest per-
ception about persistent tobacco use was its repeti-
tive, conditioned and habit-like character. This view
gave rise to the emphasis on behavioural change
methods which marked smoking cessation treat-
ments shortly after the first US Surgeon General’s
Report on smoking in 1964.!1 These treatments
hel ped smokerswho had been unableto stop smok-
ing on their own to learn specific techniques for
managing nicotine withdrawal symptoms, coping
with smoking cues, and developing new behaviours
to take the place of smoking. However, these treat-
ments based on behavioural precepts aone tended
to benefit only a small minority of would-be quit-
ters.l2

Research on the use of medications for helping
smokers actually began as early as the 1930s. Un-
controlled observations with lobeline, an akaloid
with physiological effects similar to those of nicot-
ine, had suggested some promise for its ability to
reduce craving for tobacco.!3 Building on the no-
tion that lobeline acted as a chemical nicotine sub-
stitute, several studies of lobeline followed. How-
ever, none of these studies demonstrated treatment
gains beyond those seen with placebo.[¥ This evi-
dence of poor efficacy for lobeline, aswell asfor a
number of other drugs (meprobamate, dexamfeta-
mine, ephedrine) that were tested during this early
period, turned researchers’ attention to nicotine re-
placement.

The 2 decades that followed the first US Sur-
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geon General’s Reportl! witnessed advances in
knowledge of the physiological effects of regular
tobacco use, as well as the central role of nicotine
asthe main pharmacol ogical ingredient in tobacco.
These advances culminated in the 1988 US Sur-
geon General’s Report, which recognised chronic
tobacco use as a form of addictive behaviour.[®
The successful use of methadone in the treatment
of opiate addiction in the early 1960s generated an
interest in nicotine replacement as aform of smok-
ing cessation treatment. M ethadone treatment had
demonstrated that craving and propensity to relapse
to aninitia drug of abuse could be diminished by
the use of a second drug. Nicotine replacement ther-
apy (NRT), initially with nicotine gum, subsequently
with the nicotine patch, and later with the nicotine
inhaler and nasal spray, has consistently proven ef-
ficacious when compared with placebo.l8”] Des-
pitethisdemonstrated efficacy, the number of quit-
tersamongst users of NRT has also been relatively
low. In controlled clinical trials, abstinence rates
have hovered around the 30% mark at the end of
treatment and at 20% 6 monthsto 1 year later.!” 8l
The limited success of NRT was only one of
several factors which spurred renewed interest in
non-nicotine pharmacotherapiesfor smoking. Lab-
oratory research had led to increased knowledge of
the neurobiological nature of tobacco dependence,
as effects of nicotine on brain function were ob-
served in animal and human studies. Inclinical and
epidemiological studies, research demonstrating the
strong associ ation between the propensity to nicot-
ine dependence and psychiatric illness had begun
to emerge. These devel opments provided arationale
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for testing the benefit of drugs previously known
for their antidepressant or anxiolytic effectsasaids
for addicted smokers.

This paper examines current knowledge about
the efficacy of several promising non-nicotine
medi cations as smoking cessation aids either alone
or in combination with NRT. Itsfocusison studies
that yielded encouraging, even if not conclusive,
results and to highlight their implications on the
future direction of smoking cessation treatment re-
search. For themost part, attention hasbeenrestricted
to the evidence from placebo-controlled trialswhich
were published in full manuscript form. For acom-
prehensive examination of non-nicotine medica-
tions that have been studied to date, regardless of
their outcome or manner of publication, readersare
referred to recent reviews by Cinciripini et al.,[®
Henninfield et al.[!® and Hughes et al.['l To
identify relevant studies for this paper, a Medline
search for the period 1970 to 1999 was conducted,
and other investigatorsin the field were consulted.
While the use of adjunctive smoking cessation
counselling is noted where appropriate, we have
not attempted to control for such clinical support
in this analysis because of substantial differences
in the level and type of clinical intervention be-
tween trials.

1. Non-Nicotine Medications
Used Alone

1.1 Clonidine

Clonidineisan a,-noradrenergic agonist which
was initially used for the treatment of hypertension,
and was subseguently found to diminish symptoms
of both opiate and alcohol withdrawal syndromes.
Glassman and colleagues*2 demonstrated its effi-
cacy for reducing nicotine craving and withdrawal
symptomsin heavy cigarette smokers who had been
abstinent for 24 hours. These encouraging results
led to a randomised trial for smoking cessation in
which 71 smokers were assigned to receive either
clonidine or placebo for 4 weeks with adjunctive
individual behaviour therapy.[3] In this study, the
clonidine dose was slowly titrated upward from
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0.05mg until reaching the therapeutic level of 0.15
mg/day taken in divided doses, at which point in-
dividuals were instructed to stop smoking. The dos-
age was adjusted according to the appearance of
adverse effects or severe tobacco withdrawal dis-
comfort, with the maximum dose of 0.4 mg/day
taken by afew participants. The success rate among
clonidine-treated smokers was more than twice that
of the placebo-treated group, demonstrating for the
first time the efficacy of anon-nicotine pharmaco-
logical agent as an aid in smoking cessation.

There have been 2 review papers on controlled
trials of clonidine as a smoking cessation aid (see
table ). Covey and Glassman(?¥ performed a meta-
analysis of end-of-treatment results from 9 trials
reported between 1987 and 1989. Combined odds
ratios (OR) for success, which accounted for dif-
ferences in the sample size among trials, indicated
that smokers treated with clonidine were signifi-
cantly morelikely to quit smoking than those treated
with placebo. Themeta-analysisal so indicated that
clonidine efficacy was increased when it was de-
livered viaaskin patch compared with oral admin-
istration, and when clonidine treatment was ac-
companied by behaviour therapy. This study also
observed that clonidine was more helpful for fe-
male smokersthan malesin those studiesthat strat-
ified the data by gender.[132526] This finding was
subsequently replicated in a trial of 300 smokers
by Glassman and colleagues.[2”]

Inthesecond review of clonidinetrials, Gourlay
and Benowitz!® not only observed asignificantly
higher long term quit rate (table I) with clonidine
but al so noted the high frequency of adverseeffects
during clonidine therapy. They concluded that al-
though clonidine may be hel pful for quitting smok-
inginthe short term, possibly because of its ability
to aleviatenicotinewithdrawal symptoms, itsben-
efit may be limited to smokers who experience high
levels of agitation and anxiety when they stop smok-
ing.

In general, the effect of clonidine on smoking
cessation has not proved as robust as the nicotine
replacement products. In addition, the adverse ef-
fects associated with clonidine use, such asdrows-
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Table I. Short- and long-term nicotine abstinence rates and odds ratios (OR) with 95% confidence intervals (Cl) in clinical trials of non-nicotine

medications, 1990 to 19982

Treatment No. of smokers  Short term® Long term®
% quit OR, 95% CI % quit OR, 95% CI
Non-nicotine medications alone
Clonidine
Covey & Glassman,4 1990 NA NA
Active 9 studies 39 2.4 (1.7-32.8)°
Placebo n =813 21
Gourlay & Benowitz,['% 1995
Active 4 studies NA 31 2.0 (1.3-3.0)°
Placebo n=189 17
Amfebutamone (Bupropion) SR
Hurt et al.,[1%1 1997
300 mg/day 156 44 3.4 (2.2-5.7) 23 2.0 (1.1-3.5)
150 mg/day 153 39 2.7 (1.6-4.5) 23 2.0 (1.2-3.6)
100 mg/day 153 29 1.7 (1.0-2.9) 20 1.7 (0.9-3.0)
Placebo 153 19 12
Moclobemide
Berlin et al.,[!”1 1995
Active 44 48 2.4 (1.0-5.9) 25 1.8(0.6-5.1)
Placebo 44 27 16
Nortriptyline
Hall et al.,*®) 1998
Active 99 55 3.2 (1.8-5.9) 31 1.7 (0.9-3.3)
Placebo 100 27 21
Prochazka et al.,['% 1998 NA NA
Active 108 14 5.5 (1.6-19.7)
Placebo 106 3
Buspirone
Cinciripini et al.,?%! 1995
Total sample:
Active 50 90 1.7 (0.5-5.8) 27 1.5(0.6-3.8)
Placebo 51 84 20
High anxiety subjects only:
Active 25 88 4.8 (1.1-19.7) 12 0.5(0.11-2.3)
Placebo 28 61 23
Non-nicotine medications combined with nicotine patch (NP)
Mecamylamine
Rose et al.,?! 1998
Active + NP 24 50 5.0 (1.3-19.1) 38 13.8
Placebo + NP 24 17 4 (1.6-120.0)
Oral dextrose
West & Willis,?? 1998
Active + NP 7 38 2.3 (1.2-4.6) NA NA
Active + placebo P 80 35 1.9 (0.9-3.6)
Placebo + NP 80 29 1.4 (0.7-2.7)
Placebo + placebo P 71 21
Amfebutamone SR
Jorenby et al.,[2%1 1999
Active + NP 245 67 4.0 (2.6-6.0) 36 3.0 (1.8-4.9)
Active + placebo P 244 60 2.9(1.9-4.4) 30 2.3(1.4-3.9)
Placebo + NP 244 48 1.8 (1.2-2.7) 16 1.1 (0.6-1.8)
Placebo + placebo P 160 34 16

a The placebo or placebo-placebo group is the reference group (OR = 1.0) in each study.

b Short-term rates are based on end-of-treatment data. Long-term rates are based on 12-month data with the exception of Gourlay and

Benowitz!’®! (6 months) and Hall et al.['8] (64 weeks).
¢ Data are common odds ratios from combined studies.
NA = data not available; P = patch; SR = sustained release.
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iness, fatigueand dry mouth, may limititseffective
use. For these reasons, clonidine is likely to play
only asecond-tier role in the treatment of nicotine
addiction.

1.2 Antidepressants

Although clonidineproved to havealimitedim-
pact asasmoking cessation aid, certain unexpected
observations from the clonidine studies by Glass-
man and colleagues regarding the association be-
tween smoking, smoking cessation and depression,
suggested the val ue of antidepressantsfor smoking
cessation therapy. At the outset of the first clonid-
ine smoking cessation study,!'3 the researchers
had excluded smokers with evidence of present
psychiatricillness, such as depression, schizophre-
nia or dependence on some other drug. Smokers
with a history of major depression that had fully
resolved at least 6 months before the study were
not excluded. On average, smokers with a history
of major depression had been free of any depres-
siveillness for more than 4 years. Analysis of the
data revealed that 60% of the participants had a
past episode of major depression, which was
highly unexpected as this figure was several times
greater than rates of 10 to 20% for lifetime major
depression observed in studies of the general pop-
ulation.[8] The data were further examined to de-
termine if smoking cessation was influenced by a
history of depression. This analysis produced a
second surprising finding, replicated in other stud-
ies,[2930 that smokers with a history of depression
were lesslikely to succeed in their smoking cessa-
tion efforts than smokers without a history of de-
pression.

Two other findings from the initial clonidine
smoking cessation data suggested a rationale for
using antidepressant treatments as an aid to quit-
ting. Examining only those smokers who received
placebo in order to control for confounding effects
of clonidine, theresearchers observed that: (i) anong
the symptoms reported by quitters during the first
week, depressed mood was the strongest predictor
of who would resume smoking by theend of thefour-
week trial; and (ii) smokerswith ahistory of major
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depression were more likely to report depressed
mood during the abstinence period than were smok-
ers without a history of depression (75 vs 30%, p
< 0.05).04

These series of findings, i.e. an association be-
tween past depression and smoking, the adverse in-
fluence of past depression on theability to stop smok-
ing, the propensity of those with past depression to
re-experience depression during the nicotine with-
drawal period, and thetendency of depressed mood
during nicotine withdrawal to prevent a successful
cessation outcome, prompted specul ation that anti-
depressants might be useful in smoking cessation.
In fact, the effects of antidepressants on smoking
cessation had been examined earlier by Sellers et
a3l in a study of the effect of certain selective
serotonin (5-hydroxy tryptamine; 5-HT) reuptake
inhibitors (SSRIs) [i.e. citalopram and zimeldine]
on spontaneous al cohol consumption. Although no
marked effect of the SSRIs on smoking cessation
was observed, it should be noted that the purpose
of those trials was to examine the effects of SSRIs
on alcohol consumption and no efforts at promot-
ing nicotine abstinence were involved.

1.2.1 Amfebutamone (Bupropion)

Amfebutamone (bupropion), originally marketed
for the treatment of depression, represents the first
potent non-nicotine pharmacol ogical treatment for
tobacco dependence. After extensive testing, and on
the strength of the findings from considerabl e data
(described in this section), amfebutamone sustained
release (SR), was approved by the US Food and
Drug Administrationin 1997 asatreatment for nicot-
ine dependence. Amfebutamone is listed in Preg-
nancy Category B which indicates that while no
adverseeffectson fetal devel opment have been ob-
served in animal studies of amfebutamone, no data
from humans are available.

The mechanism by which amfebutamone assists
smokersin their effortsto quit isnot clear, but itis
thought to be related to both noradrenergic and do-
paminergic activity. It is hypothesised that the dopa-
minergic activity of amfebutamone affects the re-
ward pathways and that the noradrenergic activity
of amfebutamone plays arole in the emergence of

Drugs 2000 Jan; 59 (1)
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nicotine withdrawa symptoms. Amfebutamone has
also been found to interact with nicotine receptors.
In a dose-dependent fashion, amfebutamone blocks
the antinociceptive effect of nicotine in mice.[32
Thisfinding was replicated by Fryer and L ukas'®!
who established that amfebutamone produces an
acute functional blockade of human nicotinic recep-
tors. These researchers suggest that amfebutamone
functions by noncompetitive inhibition at the nic-
otinic receptor site and posit arolefor these recep-
torsin smoking cessation strategies.

On the basis of the published association between
depression and cigarette smoking, researchers be-
gan to test whether an antidepressant could be an &f-
fective smoking cessation aid in a sample of heavy
smokers. At the Veterans Memorial Center in
Loma Linda, California, USA, Ferry!3¥ selected
amfebutamone since, among the antidepressants on
the market, it had the most clear-cut activity on the
dopamine system. In thefirst study, 42 male smok-
ers were given either amfebutamone 300 mg/day
or placebo in adouble-blind trial. The outcome for
patients treated with amfebutamone in this trial
was strikingly positive. To control for a potential
confound due to possible over-representation of
smokerswith depression, Ferry conducted asecond
and enlarged trial which excluded smokers with a
history of depression. In a sample of 190 non-de-
pressed smokerswho attended weekly group coun-
selling over a 4-week period and received either
amfebutamone 300 mg/day or placebo,
amfebutamone was again demonstrated to be effi-
cacious in helping smokers to quit.[33]

Since these early trials by Ferry and her col-
leagues, the efficacy of amfebutamone has been
evaluated in 2 multi-site placebo-controlled trials:
adose-response study by Hurt et al.[1€! and anicotine
patch-comparison study by Jorenby et al.[23] which
assessed the sustained release formulation in con-
junction with brief individual counselling.

The dose-response study was conducted at 3 cen-
tres, involved 615 smokers, and consisted of a 7-
week treatment phase with follow-up through 1 yesr.
Self-report of smoking cessation was confirmed us-
ing exhaled carbon monoxide levels. Three dosages
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of amfebutamone SR were evaluated: 100 mg/day,
150 mg/day and 300 mg/day. The primary efficacy
variable was continuous quitting for the last 4 weeks
of treatment (weeks 4 to 7). Thistime-line allowed
1 week for the drug to reach steady-state plasma
concentrations and 2 weeksfor cessation. Asnoted
intablel, aclear dose response was demonstrated
with the 2 higher dose groups showing clear supe-
riority over placebo. At 1-year follow-up, partici-
pantsin the 2 highest dosage groups reported sig-
nificantly higher rates of smoking cessation than
those in the placebo group (300mg = 23.1%, 150mg
= 22.9%, placebo = 12.4%). The differences from
placebo in cessation rates observed for the 300mg
and 150mg dosage levels were both satigtically sig-
nificant (p < 0.01 and p < 0.02, respectively). Of
additional interest, this study found that amfebuta-
mone attenuated weight gain among the patientswho
had quit smoking; oncetreatment ceased, however,
these differences between the active and placebo
groups were not maintained.[16:36]

Only 2 adverse events from amfebutamone, in-
somnia and dry mouth, were observed at an inci-
dence of 5% greater than with placebo. The inci-
dence of premature discontinuation dueto an adverse
event (8%) was also low. The most common ad-
verse events leading to premature discontinuation
were tremor and rash. Although amfebutamone is
associated with a low rate of seizures, none oc-
curred in these smoking cessation studies.

1.2.2 Nortriptyline

Nortriptyline, a widely prescribed and well-
established tricyclic antidepressant, was tested as a
smoking cessation aid on the basis of its ability to
inhibit the neuronal uptake of noradrenaline (nor-
epinephrine). Inthefirst of 2 published smoking ces-
sationtrialsof nortriptyline, Hall and colleagues18!
at the San Francisco Veterans AffairsMedical Cen-
terin California, USA, examined the effects of nor-
triptyline and cognitive-behavioura therapy on
smokers with and without a history of major depres-
sion. 199 smokers of 10+ cigarettes per day received
nortriptyline or placebo for 12 weeks at an initial
dose of 50mg, titrated up to 100 mg/day. Counsel-
ling began at week 4, and participants selected a
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quit date at week 5. Self-reported abstinence rates
at 1 year, verified by cotinine concentrations and
carbon monoxide levels, were 31% for nortripty-
line recipients and 21% for placebo recipients (p <
0.05). The positive effect of nortriptyline was ob-
served regardless of a history of major depression.
Theresearchersalso found that nortriptyline recip-
ients experienced a greater decrease in depressive
symptoms and fatigue during the first week after
quitting than placebo recipients.[18]

In a second study, Prochazka and his col-
leaguesd? also observed a significant benefit of nor-
triptyline over placebo for achieving nicotine absti-
nence among 214 smokers. In this double-blind
study in which nortriptyline was tested in combina-
tion with a behaviourd intervention, the cessation
rate at 6 monthsfor thosewho received nortriptyline
was 14% (15/108) compared with 3% (3/106)
among those who received placebo (p = 0.003) (ta-
blel).

1.2.3 Moclobemide

Moclobemide is a monoamine amine oxidase
(MAO) inhibitor, a class of antidepressant that is
associ ated with enhanced dopamine activity.[3] The
potential of MAO inhibitors as a smoking cessation
aid was suggested by Fowler and colleagues, 38l
who observed that levels of MAO-B in the brains
of living smokerswere 40% |ower than level smea-
sured inthebrains of non-smokersor former smok-
ers. Subsequently, another study reported that among
dependent smokers, those with a past depression
do not have lower MAO activities than those with-
out such ahistory;3 thisfinding suggeststhat smok-
ing itself, and not depression, is associated with
reduced MAO activities.[*?!

To examine the efficacy of aMAO inhibitor to
enhance smoking cessation, Berlin et al.[171 admin-
istered moclobemide or placebo, with minimal ad-
junctiveclinical support, to asample of 88 smokers
in a paralel group design. 50 (57%) participants
had a history of magjor depression. The investiga-
tors found a higher self-reported abstinence rate at
theend of treatment, and 6 monthslater, among those
who received moclobemide than among those who
received the placebo (tablel). Survival analysisin-
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dicated a significant difference in abstinence rates
between moclobemide and placebo in the 6-month
analysis(p < 0.05), and adifference that approached
significance in the 12-month analysis (p < 0.09).
However, when abstinence was biologically veri-
fied by serum cotinine concentrations, the differ-
ences between treatment conditions in both the 6-
and 12- month analyses were no longer significant
(p < 0.13 and p < 0.12, respectively). Further re-
search to clarify thisinteresting, albeit ambiguous,
result is warranted.

1.2.4 Other Antidepressants

Trials of other antidepressants as smoking cessa-
tion aids have been reported with generally prom-
ising but as yet inconclusive results. Edwards and
his colleagued“!! were the first group of researchers
to test an antidepressant in acontrolled smoking ces-
sationtrial. Their study of 19 smokersfound encour-
aging results for doxepin as measured by areduction
in the number of cigarettes smoked aswell asby a
higher quit rate in doxepin recipients compared with
those who received placebo. However, these find-
ings have not undergone replication.

In addition, alarge multi-site study of the SSRI
fluoxetine has been conducted. While afirst report
of this trial did not indicate a measurable benefit
of fluoxetine for smokers,*d a post-hoc stratified
analysis of those treated at the Brown University
in Rhodelsland, USA sitefound apositive fluoxet-
ine effect at the higher dosage of 60 mg/day among
smokerswith high scores on the Hamilton Depres-
sion Scale at baseline.l?! Although fluoxetine does
not seem to be efficaciousfor broad groups of smok-
ers, it could exert a specific benefit for smokers who
are susceptible to depression.

1.3 Anxiolytics

Smoking has long been interpreted as aform of
‘ stress management’, or a means of reducing anx-
iety. Asaresult, anumber of efforts have been made
to investigate the potential efficacy of anti-anxiety
drugs as an aid to smoking cessation. However, the
benzodiazepine diazepam was not found to be su-
perior to placebo in a3-arm smoking cessation trial
of 300 smokers conducted in China (although the
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abstinence rate was significantly higher anong the
third arm of clonidine recipients).[*4 In addition
to the traditional sedatives (i.e. barbiturates and
benzodiazepines), there have been trials of other
sedative-like drugs, including both (3-blockers and
certain specific serotonin receptor drugs. The most
widely tested of these compounds is buspirone, a
non-sedating, non-addicting compound which be-
came available in the 1980s for the treatment of
anxiety.

1.3.1 Buspirone

Recent research has suggested that buspironeis
a selective agonist primarily for the serotonin 5-
HT1a receptor, with lesser dopamine D, receptor
activity.[454l |t isindicated for the management of
anxiety disorders or the short term relief of anxiety
symptoms. Buspirone is pharmacologically unre-
lated to benzodiazepines, barbiturates or other po-
tentially habituating sedative-hypnotic agents, and
a withdrawal syndrome has not been observed in
patientsreceiving buspironefor an extended period
of timel4”] As with amfebutamone, buspirone is
listed in Pregnancy Category B, athough no well-
controlled studies among pregnant women have been
performed. Individuals who have taken buspirone
report dizziness (12%), nausea (8%), headache (6%),
nervousness (5%) and lightheadedness (3%) asthe
most common adverse effects.[48]

Early uncontrolled studiesof buspironeasasmok-
ing cessation agent had indicated that it decreased
nicotine withdrawal symptoms and reduced the urge
to smoke.l*?! However, 4 placebo-controlled trials
of buspirone did not find that its use resulted in
significant relief of withdrawal symptoms compared
with placebo.[20.50-52]

With regard to its effect on cessation, 5 placebo-
controlled trials of buspirone have been repor-
ted.[20.50-53] Each study enrolled generally healthy
volunteerswho lacked underlying active mood dis-
orders. Threeof thetrial sreported ashort term ben-
efit of buspirone.[20:50.53] The duration of buspirone
therapy ranged from 4 to 12 weeks with participants
receiving 2 to 4 weeks of treatment prior to smoking
cessation, and the average treatment dosage varied
from 15 mg/day to 45 mg/day. Two trials reported
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adjunctive group behavioural treatment,[2051 the 3
others did not.[505253] The Profile of Mood States
Anxiety/Tension scale was used to score anxiety
levelsin these studies.

Two of the trials stratified the sample by level
of anxiety reported at baseline. In a double-blind
study, Cinciripini et al.[29 randomised 101 com-
munity health volunteers to buspirone or placebo.
Thetria involved a 4-week pre-medication period
with atarget dosage of 45 mg/day (maximum dos-
age of 60 mg/day). Patients then received the med-
ication for an additional 8 weeks in conjunction
with 1 month of weekly behavioural therapy. Over-
al, there was no significant effect of buspirone (see
table I). While the very high short term cessation
rates observed in this study are quite remarkable,
the 1-year follow-up witnessed a decline to levels
moretypically observed in smoking cessationtrials
(across the sample, 27% for buspirone, 20% for
placebo).

Stratification of the sampleby high or low anxiety
score at baseline revealed a somewhat better effect
of buspirone compared with placebo among those
with high anxiety 1 month after the medication was
withdrawn (88 vs61%, p < 0.05) [tablel]; however,
this difference was not apparent at 3 months (16 vs
26%) or at 1 year (12 vs 23%) [tablel]. Theinves-
tigators concluded that buspirone enhanced short
term cessation rates only in those smokers who were
already generally anxious and then only for aslong
as they remained in treatment.[20]

Schneider and colleagues®? stratified smokers
post-hoc by level of anxiety in their analysis of
buspirone efficacy. The 1-year surviva analysis of
data obtained from 100 smokers showed no differ-
ences overall in quit rate between active and pla-
cebo groups, and, unlike the study by Cinciripini
et al.,[2% no interaction between high or low anxi-
ety rating and drug condition. However, the anxi-
ety scores reported by the participants overall and
the cut-off scores indicating high or low anxiety
were lower in this second study than those reported
in the study of Cinciripini. Thus, it is possible that
different populations of smokers were actually stud-
ied in the trials conducted by Cinciripini et al.[20
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and Schneider et al.,[5? which could possibly ex-
plain their inconsistent results.

At present, thereis not sufficient evidenceto sup-
port the general useful ness of buspirone asasmok-
ing cessation aid; nevertheless, buspirone may be
helpful for smokers with a high level of anxiety.

1.4 Opioid Antagonists

The notion that endogenous opioids are involved
in the reinforcing properties of nicotine prompted
researchersto test the efficacy of the opioid antag-
onists naltrexone and nal oxone as smoking cessation
aids. Naltrexone has been approved in the US for
the treatment of alcohol dependence, based in part
on findings from 2 placebo-controlled, 12-week trials
of thedrug (50 mg/day) i n al cohol -dependent patients
enrolled in alcohol treatment programmes.[545°

A number of studieson the effects of naltrexone
or naloxone on smoking behaviour in humans have
been conducted, with mixed results. Two studies
of the shorter-acting opioid antagonist naloxone
found that it reduced ad libitum smoking,[56:57]
while 2 others failed to demonstrate this ef-
fect.[5859 |n a double-blind controlled trial, 14
smokers received naltrexone 50 mg/day or placebo
on4days, separated by a 10-day washout period.[6%
This study found that naltrexone reduced craving,
urges to smoke, restlessness and increased eating,
but did not exert an appreciable effect on smoking
behaviour.

More recently 2 studies have reported findings
from controlled trials of naltrexone in conjunction
with behavioural counselling.[6162 Neither study
pointed to asignificant effect of naltrexone, although
one found that naltrexone was helpful for the sub-
group of smokers with a history of major depres-
sion.[81] The placebo-controlled study by Covey et
al [61 examined the effect of naltrexone in 80 smok-
ers. This study found atrend towards an advantage
of naltrexonefor smoking cessation relativeto pla-
cebo. The end-of-treatment abstinence rate among
the actively treated group was 46% compared with
26% among thosewho received placebo (OR =2.5;
p < 0.10). Stratified data analysis indicated that
naltrexone enhanced abstinence at end-of -treatment
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among femal e smokerswith past major depression,
asubgroup which hasbeenidentified in other stud-
iesto be at high risk of smoking cessation failure.
Of further interest, this specific benefit of naltrexone
over placebo for women with past major depres-
sion persisted 6 monthslater (OR = 2.4, p < 0.05).
Although this finding requires further testing, it
offers some suggestive evidence for naltrexone as
an aternative medication for hel ping smokers quit
when administered in conditions similar to those
in this study. These conditions included a dosage
of 50 to 75 mg/day, supportive behavioural coun-
selling, and a high level of motivation to quit.

It is worth noting that the researchers observed
asignificantly higher drop-out rate before quit day
among the smokers who received naltrexone than
those on placebo (25 vs 5%, p < 0.02). Those who
were unable to tolerate the drug reported drowsi-
ness, disorientation, spaciness, nausea, abdominal
pain, and concentration problems. Among the 68
participants who persisted through to quit day, the
proportions of those reporting adverse effectswere
higher among naltrexone than placebo recipients
for concentration difficulty (79 vs 53%, p < 0.03)
and dry mouth (61 vs 28%, p < 0.01). Whether
further trials will confirm the observations from
the small sample who participated in this study re-
mains to be seen.

The study by Wong et al.[52 at the Mayo Clinic
in Rochester, Minnesota in the US examined the
effect of naltrexone administered alone or in com-
bination with nicotinein 100 smokers. Naltrexone
was administered at adaily dose of 50mg. At theend
of a12-week treatment, the abstinence rate among
smokers who had received naltrexone alone was
not appreciably different than in smokers who had
received the placebo.

2. Non-Nicotine Medications
Combined with Nicotine
Replacement Therapy

Despite the ability of nicotine replacement agents
to significantly improve smoking cessation rates com-
pared with placebo, it had become evident that NRT
still left the mgjority of its usersunableto quit smok-
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ing successfully. This modest outcome prompted a
number of investigations into whether or not absti-
nence rates could be improved through the combi-
nation of theoretically promising non-nicotine phar-
macotherapies and the nicotine substitutes. Rose et
al.,[2 among others, have suggested that combin-
ing a nicotine receptor antagonist, such as meca-
mylamine, with the nicotine patch of ferstheadvan-
tage of insulating an individual from the reinforcing
effect of the abused drug, while minimising with-
drawal symptomsand adverse effects. The efficacy
of mecamylamine, amfebutamone and oral dextrose
when administered with the nicotine patch has been
examined.

2.1 Mecamylamine

M ecamylamine had been marketed asan antihy-
pertensive for many years before its discontinua-
tion in 1996. Its action is to block the peripheral
and CNS effects of nicotine. Although some labo-
ratory studies have shown that smokers may at-
tempt to override this nicotine blockade,[6364 it has
also been noted!®® that smokers are often highly
motivated to comply with antagonist therapy. The
therapeutic potential of mecamylamine for smok-
ing cessation was suggested in an open-label trial
of 14 smokers which found that mecamylamine at
dosages averaging 26.7 mg/day substantially de-
creased nicotine withdrawal symptoms.[68] In this
trial, 30% of participants stopped smoking com-
pletely within the 21-day study period. However,
intolerable adverse effects including constipation
and urinary retention resulted in ahigh (36%) drop-
out rate. These researchers subsequently re-tested
mecamylamine using a comparison administrations
schedule of 3 weeks (high dose) versus 6 weeks (low
dose).[671 Although the difference was not statisti-
cally significant, fewer smokersinthelow dosegroup
than the high dose group reported total cessation
(22 vs 33%, respectively).

After showing that mecamylamine waswell tol-
erated at lower dosages of 2.5 to 10 mg/day,[%4 this
research group evaluated its effects when adminis-
tered at thislower dosage concurrently with the nicot-
inepatch.[21] Theinvestigators reasoned that by oc-
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cupying specific receptors that would otherwise be
acted upon by nicotine from smoking cigarettes,
nicotine delivered by an alternative route and mec-
amylamine would work in concert to attenuate the
rewarding effects of cigarette smoking, suppress
withdrawal symptoms, and, in so doing, facilitate
smoking abstinence. 48 smokers of at least 20 cig-
arettes/day over the last 2 years, aged 20 to 40 years,
were enrolled. All received the nicotine patch, be-
ginning at adose of 21mg. Half received mecamyl-
amine, the other half received placebo. The rate of
continuous abstinence throughout thefirst 7 weeks
after cessation was significantly higher in the mec-
amylamine group than in the placebo group (50 vs
16.7%, p < 0.015). The advantage of mecamyla-
mine was still observed at the sixth month (37.5 vs
12.5%, p< 0.05) ) and twelfth month (37.5vs 4.2%,
p < 0.004) follow-up points (see table ).
Thisstudy a so observed that mecamylamine at-
tenuated negative affect, craving for cigarettes and
increased appetite even before smoking cessation be-
gan. Furthermore, only 3 participants dropped out of
the study, and adverse effects were minimal.
Research is being conducted to examine the ef-
fect of mecamylamine when administered through
the same patch delivering nicotine. The tolerability
and efficacy of mecamylamine for smokers older
than 40 years of age also remainsto be determined.

2.2 Oral Dextrose

This intervention is based on the premise that
the urgeto smoke arisesin part from amislabelling
of aphysiological ‘desire’ for carbohydrates.[68] West
et al.[%9 had reported that, compared with a placebo,
dextrose tablets could reduce urges to smoke. This
finding was replicated in a 4-week double-blind
tria in 308 smokersto test the effects of oral dextrose
3g in combination with the nicotine patch on nicot-
ine abstinence.[?d The observed end-of -treatment
abstinence rates in the 4 study groups were as fol-
lows: dextrose + nicotine patch 38%, dextrose +
placebo patch 35%, placebo tablet + nicotine patch
29%, placebo tablet + placebo patch 21% (tablel).
The authors found that dextrose tablets, whether
alone or in combination with a15mg nicotine patch,
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produced significantly greater rates of abstinence
(p < 0.01) than placebo tablets. There was no sig-
nificant difference between the groups receiving
dextrose or placebointheir ratings of the palatabil-
ity of the tablets and, interestingly, in the amount
of weight gained during the treatment period.

2.3 Amfebutamone

The efficacy of amfebutamone SR 300 mg/day
administered with or without the nicotine patch (21
mg/day) was examined in 893 smokers who were
treated at 4 sites.[23 The4 treatment conditionsevalu-
ated were: amfebutamone SR + nicotine patch, am-
febutamone SR + placebo patch, placebo tablet +
nicotine patch, and placebo tablet + placebo patch.
The study design was similar to the dose-response
study by Hurt et al [16] with the exception that 2 weeks
were added to the treatment phase (9 weeks total)
to allow for tapering of the patch: 14mg during
week 8 and 7mg during week 9. Thepoint-prevalence
abstinence rates at 4 weeks were significantly higher
in al 3 treatment groups (48%, 60% and 67%, re-
spectively, for nicotine patch, amfebutamone SR,
and amfebutamone SR + nicotine patch) thanin the
placebo group (34%; p = 0.005, p < 0.001; and p <
0.001, respectively; see table I). Thereafter, only
amfebutamone SR and amfebutamone SR + nicot-
ine patch were significantly different than placebo.
At 12 months, the abstinence rates were 16% for
placebo and 16% (p = 0.84), 30% (p < 0.001) and
36% (p < 0.001) for nicotine patch, amfebutamone
SR, and amfebutamone SR + nicotine patch, re-
spectively (table 1). Both amfebutamone SR and
the combination produced significantly higher ab-
stinence rates than the nicotine patch (p < 0.001 for
both). Although the abstinence rates were highest
with the combination treatment, they were not sig-
nificantly different from amfebutamone alone ei-
ther in the short term or after 1 year.

As with the dose-response study,[16l amfebuta-
mone treatment attenuated weight gain during treat-
ment.[23] The most common adverse events werein-
somnia and headache.[23.3¢]
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3. Comparative Efficacy of
Non-Nicotine Medications for
Smoking Cessation

For the purpose of this review, OR and 95%
confidence intervals (Cl) were calculated for indi-
vidual studiesusing data provided in the published
manuscripts, with the exception of 3 papers which
reported the OR (Covey and Glassman;[24 Gourlay
and Benowitz;[*9 and Jorenby et al.[23 for short
term data). For each study, the placebo group was
used as the reference point (OR = 1.0). We did not
include the doxepin study because of the small study
sample (n = 20). Data from the buspirone trial by
Schneider et al.[5? were al'so not included because
the survival data presented therein did not permit
us to extract quit rates at time points comparable
to those of the other studies.

3.1 Non-Nicotfine Medications Alone

Four agents—clonidine, nortriptyline, moclobem-
ide and amfebutamone — were found to have sig-
nificant efficacy at the end-of-treatment as demon-
strated by 95% Cl for the point estimatesthat exclude
1. Similarly, statistically significant long term ef-
ficacy was demonstrated for amfebutamone 300mg
and 150mg,[6! and for clonidine.® Among these
monotherapy trials, we find the evidencefor amfe-
butamone the most impressivefor anumber of rea-
sons: (i) the OR for a successful outcome in the
study reported by Hurt et al .[16] are statistically sig-
nificant both at the end of active treatment (7 weeks)
aswell asin thelong term (52 weeks); (ii) a dose-
response effect on the likelihood of cessation was
demonstrated; and (iii) the trial was conducted in
multiple study sites with alarge total sample. The
2 studies of nortriptyline observed short term ef-
fectsthat were similar or greater in magnitude than
in the amfebutamone dose-response study,!18! but
the long term usefulness of the nortriptylineisless
clear. Inthe study by Hall et al.[18] the OR for long
term abstinence (64 weeks) fell short of the thresh-
old of statistical significance (OR =1.7,95% CI =
0.9 to 3.3). In the tria reported by Prochazka et
al.,1% nortriptyline was highly beneficial (OR =
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5.5) at the end of treatment but long term quit rates
were not reported. For clonidine, the combined OR
for short term!*4 and for long term(1° abstinence
were significant; however, these data were not de-
rived from the same individuals.

3.2 Non-Nicotine Medications Used with
Nicotine Replacement Therapy

The evidence from studies of non-nicotine med-
ications administered in conjunction with nicotine
patch or placebo patch indicatesthat for each drug,
efficacy relative to placebo isincreased wheniitis
combined with nicotine replacement. In the meca-
mylamine + nicotine patch study by Rose and col-
leagues’?l] in which all participants used the nicot-
ine patch, those who also received mecamylamine
had significantly higher abstinence ratesthan those
who received the placebo. Interestingly, this ad-
vantage appeared to be stronger 1 year later. The
mecamylamine + nicotine patch combination was
associated with alower 1-year reduction in the ab-
stinencerate (from 50 to 38%) than wasthe placebo
plus nicotine patch combination (from 17 to 4%).
West and Willis?2 also observed an improved re-
sponse with dextrose plus nicotine compared with
the double-placebo arm (OR = 2.3). Oral dextrose
with placebo patch was more effective than pla-
cebo alone (OR =1.9); however, thisdifferencedid
not reach statistical significance.

Based on the 12-month data from the amfebu-
tamone SR + nicotine patch trial 23] smokers who
received the amfebutamone SR + nicotine patch com-
bination were 3 times (OR = 3.0) more successful
than those who received the placebo pill and the
placebo patch. This effect (relative to placebo pill/
patch) isgreater than the efficacy of amfebutamone
SR aone (OR = 2.3) or the nicotine patch alone
(OR = 1.1) when compared to the placebo medica-
tions.

4. Comment

Advances in knowledge of the neurobiology of
addiction to nicotine and other substances in to-
bacco arelikely to provide the theoretical rationale
for the development of additional pharmacothera-
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pies for smoking cessation. For instance, evidence
is increasing that nicotine exerts several different
typesof effectson the CNS. While nicotine mimics
the actions of the brain transmitter acetylcholine, it
also appearsto exert an action on receptorsthat lie
outside the cholinergic system,[7% and chronic nicot-
ine administration has been found to result in de-
creased activity of mesoaccumbens dopamine neu-
rons involved in the brain reward circuit.[’l In
addition, although limited information is available
at the present time, increased understanding of the
contribution of specific genetic factors may aso
help develop novel treatments that target relevant
neurotransmitter systems. As suggested by the re-
cent data from twin smokers by Kendler et al.,[72
itisconceivablethat different genetic factors are dif-
ferentialy linked to specific neurobiological changes
involved in the progression from experimentation
to regular smoking, than from those involved in
nicotine withdrawal and maintenance.
Pharmacological research for the treatment of
smoking might also involvetrialsthat combinethe
advantages of different classes of drugs. Combina-
tion nicotine and non-nicotine treatments have al-
ready begun to be tested. As noted above, findings
from studies using this augmentation approach do
suggest a possible enhancement of quit rates com-
pared with monotherapy. Another approach could
involve the administration of more than one non-
nicotine agent, such as when nicotine substitution
is contraindicated or has produced adverse effects.
The selection of these agents would depend on the
patient’ s characteristics, including the outcome of
previous attempts to quit, current and past mood
states, and physical status. For example, for ahighly
addicted smoker with an affective disorder, com-
bined pharmacotherapy might consist of amfebu-
tamone, for its dopaminergic activity, augmented
with an SSRI such as fluoxetine. For a highly ad-
dicted smoker with hypertension and whose inabil-
ity to stop smoking appearsto berelated to persistent
depression and irritability, the clinician may decide
against either the nicotine patch or amfebutamone
since both medications may exacerbate the hyper-
tension, and prescribe clonidine for its ability to
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reduce craving, as well as for its antihypertensive
and anxyiolytic effects, in addition to an antide-
pressant.

Still another mode of non-nicotine therapy which
has been examined in controlled trialsis the use of
sensory replacement strategies. Rose and Levin(7
have suggested that since smokers have learned to
associate airway sensations with the psychoactive
effect(s) of nicotine, the sensory replacement strat-
egies may work effectively by disrupting the con-
ditioned association between the sensory aspects
of smoking (conditioned stimulus) and the phar-
macological effects of smoking (putative uncon-
scious stimulus). In support of this theory, the in-
halation of black pepper oil (Rose et al.[”4) and
aerosolised citric acid (Westman et al.[7%]) hasbeen
found to reduce craving for cigarettes, and the cit-
ricacidinhaer wasfound toimprove 10-week smok-
ing abstinence rates over placebo inhaler.[79)

Likethe nicotine substitute therapies devel oped
before them,[”] the medications considered in this
article have generally proved beneficia for improv-
ing ni cotine abstinencein the short term. Thisgood
news is tempered, however, by the long term pic-
ture where typically half of short term quitters are
found to return to smoking. As table | indicates,
even in those trials in which the short term absti-
nence rate exceeds 50%, the large majority of pa-
tients had resumed smoking 6 months to 1 year
later. It remains to be seen whether increasing the
duration of pharmacotherapy, combination pharma-
cotherapy or other new drug treatments will change
that trend. Finally, an important consideration isthe
role of effective smoking cessation counselling.[76.77]
We have not focused attention on this aspect of the
treatment processin thisreview, in part because of
the differences in counselling methods employed
inthestudiesaswell asthegeneral lack of adequate
descriptions of this aspect of treatment. Neverthe-
less, such therapy appearsintegral to acomprehen-
sivetreatment approach, especially given thelong-
standing clinical wisdom that psychological processes
are profoundly involved in maintaining tobacco use
behaviour.[8l Indeed, arole for relapse prevention
therapy in promoting abstinence has been demon-
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strated in the treatment of other addictions.[79:80
This would suggest that the application of pharm-
acotherapies will need to be entwined with behav-
ioural and psychological strategies that facilitate a
tobacco-freelife style.

5. Summary and Speculations on
Future Trends

1. Substantia evidence for the efficacy of am-
febutamone in broad groups of smokers has been
demonstrated. Other pharmacotherapiesfor which
some positive findings have been reported include
antidepressants (nortriptyline, doxepin, moclobem-
ide), anxiolytics (buspirone), clonidine, an opiate
antagonist (naltrexone), a nicotine antagonist (me-
camylamine) and oral dextrose. Available datafor
buspirone, clonidine and naltrexone suggest that
their efficacy may be limited to certain subgroups
of smokers.

2. Combining one or more of these medications
with NRTs may enhance treatment outcome.

3. Although short term quit ratesin clinical tri-
alswith these agentshavetypically ranged from 40
to 60%, these results have been short-lived as ab-
stinence rates consistently fall once drug treatment
has terminated. These transient effects highlight the
importance of relapse prevention and suggests a
possiblerolefor long term mai ntenance pharmaco-
therapy.

4. The complexity of nicotine addiction, often
accompanied by comorbid depression or anxiety,
argues for the need to tailor pharmacotherapeutic
strategiesto the symptom profiles of individual pa-
tients.

5. Future pharmacotherapeutic strategies may
target neurotransmitters involved in developing ini-
tial drug dependence, as well as those linked to neu-
roadaptive changes characteristic of maintenance
and withdrawal.
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