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Abstract Smoking cessation presents a daunting challenge
for clinicians; tobacco use impacts every major organ system
and is responsible for considerable morbidity and mortality.
Despite significant reductions in the rate of smoking over the
past 50 years, tobacco use continues to burden the healthcare
system. First-line therapies for smoking cessation include
nicotine replacement, novel partial nicotinic agonists as well
as antidepressant therapy. Herein, we review recent updates
to the literature regarding nicotine replacement, bupropion,
and varenicline. Re-emerging therapies such as cytisine
are reviewed, as well as the novel concept of vaccination.
Finally, the controversy surrounding electronic cigarettes and
their debatable role in cessation therapy will be addressed as
their popularity continues to grow.
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Introduction

Despite great strides in understanding the pathophysiology of
addiction, tobacco use continues to burden society. The
Surgeon General’s executive summary on the health

consequences of smoking reports over 480,000 deaths attrib-
uted to smoking between 2005 and 2009 and over US$150
billion in yearly smoking-related productivity losses. Men and
women are equally as likely to be affected by smoking-related
diseases [1, 2]. Smoking cessation without the assistance of
adjunctive therapy has an 80 % failure rate, and only 3 % of
patients attempting to quit will find success at 1 year [3].
Despite these daunting statistics, pharmacologic management
has provided powerful tools in assisting our patients to quit;
smoking rates have been cut in half in the last 50 years [2]. In
this article, we will update the clinician regarding advances to
the mainstays of smoking cessation therapy including nicotine
replacement, antidepressants, and partial nicotinic agonists.
We will discuss recent controversy surrounding the explosive
growth of electronic cigarettes and the complicated role they
play as quit aids. Lastly, we will examine emerging therapies
as well as new evidence for old pharmacologic agents as the
future of smoking cessation interventions.

Nicotine replacement therapy

A variety of nicotine delivery systems have been devised to
aid in smoking cessation including patches, gums, sprays, and
lozenges. Nicotine replacement therapy (NRT) doubles quit
rates when compared to placebo, regardless of the delivery
route [4, 5]. The choice of delivery system does not appear
to affect cessation rates, though the speed with which nicotine
is delivered varies by agent [4]. Table 1 provides an overview
of currently available therapies. Recent research on NRTs has
focused on novel delivery routes, higher-dose delivery sys-
tems, and prolonged use of traditional therapy [6–9]. A 2014
meta-analysis by Brokowski et al. examined ten trials using
transdermal delivery methods with nicotine doses of 42 mg or
higher (twice what is currently approved by the FDA). They
found that while smoking cessation rates improved during the
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initial study period (on average, 6 to 12 weeks), long-term
cessation rates were no different than usual dosing at 6 to
12 months [6]. Moreover, 5 % of participants in the largest
trial experienced dose-dependent adverse events including
palpitations, GI upset, and local urticarial reactions resulting
from the patch [10]. Cardiovascular events including MI and
stroke were also noted in one study, though to such a small
extent that their significance is unknown [6]. This preliminary
data suggests that higher dosing may not provide benefit be-
yond what we have already achieved with the standard 21 mg
dosing. The adverse effects of increased dosing may provide
an impetus to abandon cessation therapy and return to
smoking. Given the heterogeneity of results, more research
will be needed before higher-dose nicotine patches can be
prescribed in everyday practice.

In addition to higher dosing, studies of longer duration
therapy are underway in an effort to improve the durability
of smoking cessation. Transdermal nicotine is approved by the
FDA for use beyond the standard 8-week treatment regimen
based on the results of a large randomized control trial that
showed improved cessation rates after 24 weeks of continuous
therapy [11]. Schnoll and colleagues extended therapy to 52
consecutive weeks of transdermal nicotine. While they were
able to reproduce the previous benefit noted at 24 weeks, an
additional 28 weeks of therapy conferred no further benefit
[9]. These results argue for a trial of extended therapy to
24 weeks rather than the traditional 8-week therapy to
improve cessation rates [9, 11]. As noted by the authors
of this study, the possibility of poor adherence to cessation
therapy over time may account for the loss of benefit and
future studies may focus on heavy smoking populations
who could benefit from greater than 24 weeks of nicotine
replacement.

On demand therapy to control cravings is the hallmark of
nicotine gum and lozenges, though the time to maximal plas-
ma concentration can be variable and may not provide the
immediate relief smokers require. Nicotine mouth spray sig-
nificantly reduces cravings within 3–4min of use compared to
lozenges [12]. Tonnesen and colleagues explored the efficacy
of a 1-mg nicotine mouth spray versus placebo in a European
population of 479 smokers (at least one cigarette or more per
day). They found sustained abstinence in 13.8 % of the treat-
ment arm versus 5.6 % of the placebo arm at week 52 [7].

These preparations are currently only available over the coun-
ter outside the USA. Their use should be considered when
patients are unable to relieve cravings with gum or lozenges
typically prescribed. Moreover, combination therapy with
sustained release patches in addition to quick acting prepara-
tions such as the spray can improve early quit rates [13].

Bupropion

As the only FDA-approved antidepressant for smoking cessa-
tion, bupropion has been well validated [14–18]. Bupropion
has dopaminergic, adrenergic, and nicotinic acetylcholinergic
activity that all contribute to its cessation effects by blocking
nicotine activity, relieving withdrawal symptoms and improv-
ing depressed mood [18]. Ebbert and colleagues attempted to
take advantage of the antidepressant properties of bupropion
in addition to the partial nicotine agonist effects of varenicline
by combining the two therapies in their 2014 study of 506
smokers. They examined self-reported quit rates as well as
biochemically confirmed cessation with exhaled CO levels
in otherwise healthy individuals without a psychiatric history.
The study found a statistically significant reduction in cessa-
tion at 12 and 24 weeks in the combination therapy group, but
no significant improvement in cessation rates at 52 weeks with
combination therapy compared to varenicline plus placebo
[19]. Moreover, the combined therapy group reported more
symptoms of anxiety and depression. In a similar study, Rose
et al. found that, in 222 heavy smokers (≥10 cigarettes per
day) who failed to respond significantly to first-line nicotine
replacement therapy, patients randomized to combination
bupropion and varenicline had a significant improvement in
cessation rates at 12 weeks (confirmed by exhaled CO) com-
pared to those on varenicline plus placebo [20]. While intrigu-
ing, these relatively small studies are subject to limited inter-
pretation. It is unclear if improvement in cessation rates is
population dependent given the difference in daily cigarette
use between study groups. Likewise, Ebbert et al. had signif-
icant drop out (38 %), and it is unclear if this resulted in under-
or overestimation of their results. More research with larger
cohorts on the topic of combination therapy is needed to help
clarify if this approach will prove to be an effective strategy
for achieving prolonged cessation.

Table 1 Nicotine replacement
therapy Delivery Dose(s) Duration of use

Transdermal (patch) 7 mg; 14 mg; 21 mg Daily for 4 weeks (min)—up to 24 weeks (optimal)

Gum 2 mg; 4 mg Q1–2 h for first 6 weeks, step down over 6 weeks

Lozenge 2 mg; 4 mg Q1–2 h for first 6 weeks, step down over 6 weeks

Mouth spray 1 mg per spray 1–2 sprays every ½h, max 64 sprays/day

Nasal spray 0.5 mg per spray 2–4 sprays/h, max 80 sprays/day

Inhaler 4 mg/cartridge 6–16 cartridges/day for first 6–12 weeks
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Varenicline

Varenicline is a novel compound that acts as a partial agonist
of neuronal nicotinic acetylcholine receptors. It works by both
inhibiting dopaminergic activation and thus reducing the re-
warding effects of smoking, while at the same time relieving
withdrawal symptoms [21]. Since 2008, varenicline has been
considered a first-line agent for smoking cessation and current
research has shown that it may assist current smokers unpre-
pared to quit in reducing cigarette use prior to a quit attempt
[22, 23]. Recent controversy has centered on potential cardio-
vascular and neuropsychiatric adverse events associated with
its use. A 2010 multicenter randomized control trial of 714
patients found a nonsignificant trend towards more cardiovas-
cular events including MI, angina, and nonfatal stroke in pa-
tients randomized to 12 weeks of varenicline therapy [24].
Based on these results, the FDA called on industry to further
evaluate these findings through meta-analyses. A subsequent
review by Singh and colleagues identified a small but signif-
icant increase in cardiovascular events, though ensuing meta-
analyses did not share these findings [25–27]. The FDA con-
tinues to recommend weighing the benefits and risks of
varenicline as an adjunct to smoking cessation, though the
most recent 2014 meta-analysis echoes the findings that there
are no statistically significant cardiovascular events associated
with this therapy [28•]. Likely, the benefits of smoking cessa-
tion on overall cardiovascular health outweigh the aforemen-
tioned risks, though research is ongoing.

Continuing debate has also centered on reports of neuro-
psychiatric events related to varenicline use, and the drug cur-
rently carries a black box warning for neuropsychiatric adverse
events including depression, suicide, and suicidal thoughts or
behavior. First issued in 2009, the FDA raised concern of in-
creased neuropsychiatric events seen in post-market surveillance
[29]. Subsequent studies and meta-analyses have not shown a
statistically significant increase in events, though the FDA is
awaiting the results of a large clinical safety trial due in late
2015 [30–34]. Chief amongst the FDA’s concern is that many
of the study end points, examined variables, and study popula-
tion prevented generalizability of results [30]. Debate will likely
continue, as the reported experiences in post-marketing surveil-
lance are incongruent with current available data. Until such
time, patients should be counseled andmonitored for psychiatric
events after initiating treatment.

Electronic cigarettes

Electronic cigarettes (e-cigarettes) have become a lucrative
business in the USA [38]. Over 460 brands are now available
to consumers with big tobacco aggressively investing in this
growth market with projected sales of 10 billion dollars by
2017 [39]. Popularity amongst high school students alone
increased from approximately 600,000 students in 2013 to

close to 2 million in 1 year [40]. Greater than 7500 different
Bflavors^ are now available to refill e-cigarette products sold
as personal vaporizers [41]. At present, e-cigarettes are classi-
fied as a tobacco product rather than a drug with novel drug
delivery system, falling outside the purview of FDA regula-
tion [42]. However, the FDA has proposed extending its au-
thority to reach these devices to ensure regulation similar to
currently available tobacco products [43]. While marketed as
a possible smoking cessation aid, there has been a paucity of
data on their effectiveness. Concern has been raised that e-
cigarette solution contains chemicals equally harmful as those
found in traditional cigarettes, such as formaldehyde, diacetyl
(recognized as a cause of Bpopcorn lung^ in the flavor
manufacturing industry), and metallic particles including but
not limited to chromium, nickel, and tin [44–46].

To date, only two randomized control trials have examined
the effectiveness of e-cigarettes compared to standard NRT
prospectively. In 2013, Bullen et al. randomized 657 smokers
to e-cigarettes, nicotine patches, or placebo e-cigarettes and
prospectively followed cessation rates. At 6 months, 7.3 %
had achieved abstinence in the e-cigarette group compared
to 5.8 % with nicotine patches [47•]. Due to the low cessation
rate throughout both groups, the study did not achieve ade-
quate power to determine superiority of one modality over the
next. Caponnetto et al. followed 300 patients not intending to
quit smoking over 52 weeks, randomizing patients to a popu-
lar e-cigarette brand at two different nicotine doses versus
placebo. Smoking cessation was documented in 8.7 % of the
study population at 52 weeks compared to 4 % of the placebo
group [48]. A meta-analysis of these trials concluded that
while electronic cigarette use results in a statistically signifi-
cant reduction in smoking, the small number of studies and
short study duration limit confidence in the results [49•].

Research in this emerging market has lagged behind the
explosive sales. The American Heart Association has advo-
cated for further research regarding the safety and efficacy of
electronic cigarettes as a smoking cessation aid [39]. In light
of the current evidence, physicians should approach e-
cigarette use as a smoking cessation aid with caution. While
what limited evidence is available supports their use in
smoking reduction, there is not yet sufficient understanding
of safety and long-term cessation rates to suggest this over
other well-established modalities.

Cytisine

New research into this relatively old alkaloid has renewed in-
terest in its efficacy as a cessation aid [35, 36•]. Used as an
alternative to nicotine as early as the nineteenth century, cytisine
has been a mainstay in smoking cessation outside the USA
since the 1960s [37]. Similar to varenicline, it is a partial agonist
of nicotinic acetylcholine receptors. While less-rigorous studies
are abundant, in 2011, West et al. published findings of their
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randomized placebo-controlled trial following 1542 adult
smokers for 12 months after being randomized to cytisine ver-
sus placebo. They found that at 12 months, 8.4 % of patients
remained abstinent compared to 2.4 % in the control arm. This
absolute reduction in smoking rates is similar to NRT and anti-
depressant therapy [35]. An open label trial in 2014 comparing
cytisine to conventional NRT found superior cessation rates at
1 week, 2 months, and 6 months, though cytisine had a higher
adverse event rate including nausea, vomiting, and sleep distur-
bances [36•]. Though cytisine is not available in theUSA, given
its relatively low cost and similar efficacy to traditional thera-
pies, it may represent a viable alternative to patients who have
not had success with NRT or more costly antidepressants.

Vaccination

A conjugate vaccine to circulating nicotine has proved to be a
novel approach to smoking cessation. In principle, antibodies
bind to circulating nicotine, effectively preventing passage
across the blood brain barrier. Phase II trials demonstrated proof
of concept and safety [50]. Early phase III results, however,
demonstrated no significant increase in smoking cessation
[51]. In 2014, Hoogsteder et al. conducted a randomized place-
bo controlled trial of 558 smokers pairing vaccination with
varenicline. At 52 weeks, the study failed to meet the primary
endpoint of increased abstinence [52]. Although a vaccine of-
fers the promise of a long-term solution without the addition of
daily medications whether it manages to move beyond the
bench and into meaningful clinical practice remains to be seen.

Our approach

At times, smoking cessation can feel like a daunting task to
tackle in a single clinic visit, though straightforward counsel-
ing can prepare your patient for a successful quit attempt. In
our clinical practice, we use the 5As of smoking cessation
treatment: ask (about tobacco use), advise (smoking cessa-
tion), assess (readiness to quit), assist (with planning a quit
attempt), and arrange (follow-up) [2].

Asking about current smoking status and advising the patient
to quit should occur during every visit. Assessment of readiness
to quit should also include previous quit attempts, inquiries into
past methods or medications used, and the barriers that patients
faced to quitting. Once the patient has voiced interest in quitting,
the various quit aids and their merits can be discussed; patient
preference regarding the choice of a first-line therapy, i.e., nico-
tine replacement therapy versus a daily oral medication, can
serve as a foundation for this discussion, as each method is as-
sociated with similar cessation rates. When choosing nicotine
replacement, a combination of long-acting nicotine replacement
in combination with on demand therapy can help to control
nicotine cravings as nicotine doses up to 42 mg have been toler-
ated [6]. The duration of therapy can be extended to 24 weeks

safely based on clinician discretion.When choosing between oral
medications, the clinician should consider side effect profiles and
comorbid conditions. The potential cardiovascular and neuropsy-
chiatric risks attributed to varenicline should be discussed with
patients suffering from heart disease or depression. Alternatively,
bupropionmay prove to be a beneficial in patients suffering from
concomitant depression if deemed safe by their mental health
provider. Once an agent has been chosen, a quit date should be
set and, in the beginning, frequent follow-up and counseling is
necessary. In patients who fail to quit with first-line therapy de-
spite appropriate use, we attempt combination therapywith either
varenicline and nicotine replacement, bupropion and nicotine
replacement, or varenicline and bupropion, as each of these ther-
apies have been found to slightly increase quit rates compared to
monotherapy [19, 20, 53].

Conclusion

Smoking cessation continues to pose challenges for the clinician.
Achieving long-term cessation remains a stumbling block despite
mainstays of therapy including nicotine replacement, antidepres-
sants, and partial nicotinic agonists. Recent evidence is growing
to support longer duration of therapy and faster routes of nicotine
delivery. Relatively old treatments such as cytisine may be added
to our armamentarium in the future. Cessation counseling and
treatment should be tailored to the individual patient given the
availability of sustained release and on-demand agents now
available. More research is needed to understand the impact
and potential harms of electronic cigarettes and the role they will
play, if any, in the future of smoking cessation.
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