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Globally, an estimated 85% of lung cancer in men and 47% of lung
cancer in women is attributable to tobacco smoking. Tobacco
dependence treatment remains the most cost-effective way to pre-
vent morbidity and mortality from lung cancer. Several effective
pharmacotherapies are available to treat tobacco dependence. How-
ever, the long-term effectiveness of these treatments has been
limited because the majority of smokers who attempt to stop smok-
ing eventually relapse. Approaching the treatment of tobacco use
and dependence as a chronic disease and the development of
innovative drug therapies offer new hope for the treatment of
tobacco-dependent patients. The diagnosis of lung cancer provides a
teachable moment to motivate patients to attempt tobacco abstinence
on which clinicians should capitalize. We review the currently
available pharmacologic approaches to the treatment of tobacco
dependence.
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Lung cancer has been the most common cancer in the world
since 1985.1 By 2002, lung cancer represented 12.4% of

all new cancer cases globally and 17.6% of global cancer
deaths, approximately one half of which occurred in devel-
oping countries.2 Tobacco smoking accounts for an estimated
85% of lung cancer in men and 47% of lung cancer in
women, a diagnosis that carries a 15% 5-year survival rate.2

Treating tobacco dependence is the most cost-effective way
to prevent deaths from lung cancer.

For busy clinicians, the assessment of tobacco use
status for all patients is encouraged and the provision of a
brief clinical intervention for all tobacco users is crucial. The
most effective treatment for dependence involves both phar-
macologic and behavioral interventions. For tobacco users
willing to make a quit attempt, pharmacotherapy should be
offered unless there is a contraindication.3

The purpose of this article is to review the currently
available pharmacologic approaches to the treatment of to-
bacco dependence. A summary of each medication discussed
is provided (Tables 1 and 2).

GENERAL APPROACH
Patient-specific variables (preferences, contraindica-

tions, insurance coverage, drug cost, previous experience,
smoking intensity) and clinician familiarity with the medica-
tions should be incorporated into the decision when choosing
a specific medication or combination of medications.3 Re-
lapse to smoking should not be considered a treatment failure
but reframed as an opportunity to try different medications,
higher doses, or treatment combinations. Such an approach is
similar to the treatment of patients with hypertension, diabe-
tes, and heart failure who may require medication adjust-
ments to control the underlying disease.

The U.S. Public Health Service (USPHS) guideline
Treating Tobacco Use and Dependence categorized available
pharmacotherapies according to the strength of evidence for
their efficacy and safety.3 First-line medications have been
found to be safe and effective for the treatment of tobacco
dependence and are approved by the U.S. Food and Drug
Administration (FDA) for this use (Table 1). Since the
publication of the USPHS guideline, the nicotine lozenge
(Commit; GlaxoSmithKline; Philadelphia, PA) and vareni-
cline (Chantix; Pfizer; New York, NY) have been approved
for the treatment of tobacco dependence (Table 1). Sec-
ond-line medications are treatments for which evidence of
efficacy exists but which play a limited role due to lack of
FDA approval for this indication and their potential for
side effects and drug interactions (Table 2). Second-line
medications should be considered after first-line medica-
tions have been tried. In general, the use of pharmacother-
apy doubles the odds of smoking abstinence compared
with placebo at 6 months.
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FIRST-LINE PHARMACOTHERAPIES

Nicotine Gum
Nicotine gum is a nicotine replacement therapy (NRT)

that has been available for almost two decades. Nicotine gum
is available over the counter (OTC) in both 2- and 4-mg doses
and in a variety of flavors. The 4-mg gum has been shown to
be more efficacious than the 2-mg gum in heavier smokers
(�20 cigarettes per day [cpd]).

Patients should be instructed to chew the gum until a
tingling or peppery taste is detected and then “park it” in the
cheek before chewing again. This process should be repeated
for about 30 minutes per piece of gum. Patients should be
instructed to avoid acidic beverages (e.g., colas, coffee) while
using the gum because ionization of nicotine in an acidic
environment decreases nicotine absorption.

The most common side effects of the nicotine gum are
nausea, indigestion, sore gums, and mouth ulcers. Proper use
can minimize symptoms.

Nicotine Patch
Nicotine patch therapy is the cornerstone of NRT.

Nicotine patches are readily available OTC in doses of 7, 14,
and 21 mg.4 Significant underreplacement of serum cotinine
(i.e., nicotine metabolite) concentrations has been observed in
moderate and heavy smokers receiving 22 mg/day (62% and
41% for 20 cpd smokers and 40 cpd smokers, respectively).5
Evidence suggests that higher dose nicotine patch therapy
(i.e., �22 mg/day) may increase smoking abstinence rates
compared with standard doses, and nicotine patches doses up
to 63 mg/day have been shown to safe in cigarette smokers.4,6

As a rough guide, we recommend initial nicotine patch
dosing based on the number of cigarettes smoked per day. For
example, a patient who smokes 30 cpd could be started on a
nicotine patch dose of 35 mg/day (21 mg/day � 14 mg/day).
Clinical monitoring for nicotine withdrawal symptoms such
as irritability, anxiety, frustration, loss of concentration, or
cravings should dictate an increase in the patch dosing.
Although the optimal length of nicotine patch treatment has
not been established, most patients should use the nicotine
patch for approximately 8 weeks, but it is safe to use longer
if needed to maintain abstinence. Research trials have sug-
gested that treatment of 8 weeks or less have been shown to
be as efficacious as longer treatment periods. If the patient
has not completely stopped smoking after 2 weeks, nicotine
patch therapy may need to be discontinued, a new stop date
selected, and a different dose (i.e., usually higher) of nicotine
patch or combination therapy should be considered.

The most common side effect of the nicotine patch is local
skin irritation (50%) but this is usually mild, does not require
patch discontinuation and can be treated with topical OTC
steroids. Patch site rotation to another site should be encouraged.
Few patients have reactions that require discontinuation of patch
therapy. Some patients will have vivid dreams, and if this is
disturbing, the patch can be removed at night.

According to the USPHS guideline, the patch should be
used with caution in patients with recent cardiovascular events
(past 2 weeks), cardiac dysrhythmias, or accelerating angina.
Data are available suggesting that the nicotine patch is not

associated with an increase in cardiovascular events in high-risk
outpatients with cardiac disease.7,8 Our clinical experience sug-
gests that NRT is safe even in this population of patients.

Nicotine Nasal Spray
The nasal spray delivers nicotine more rapidly than any

of the other NRTs, but not as rapidly as cigarette smoking,
and rapidly reduces withdrawal symptoms. Abuse liability
has been a concern; however, only 15% to 20% patients
report using it longer than recommended (i.e., 6–12 months)
and only 5% in higher-than-recommended doses.3

Proper instruction on the use of this medication is
important and patients should be instructed to spray against
the lower nasal mucosa and not to sniff, swallow, or inhale.
Most patients experience nasal airway and throat irritation
and coughing that is moderate to severe in the first few days
of medication use.9 Continued use of the product results in
attenuation of these adverse effects as well as in a transient
altered taste and smell that can also occur.

Nicotine Inhaler
The nicotine inhaler was designed to supplement nico-

tine while replacing the “oral, handling, and sensory rein-
forcements” of cigarette smoking, which may be important
for some smokers.10,11 The inhaler has the appearance of a
cigarette rod into which cartridges containing nicotine are
placed. Once the cartridge is placed in the device, the mem-
brane is punctured and a porous plug in the capsule delivers
nicotine vapor through active puffing. The nicotine from the
inhaler is absorbed through the mucosal membranes of the
mouth and pharynx. Approximately 80 puffs over 20 minutes
are needed to obtain 2 mg of nicotine. The nicotine from the
inhaler is absorbed through the oral mucosa, so it is important
to remind patients to refrain from the use of acidic beverages
that would decrease nicotine absorption.

The most common side effects are local irritation in the
mouth and throat, coughing, and rhinitis. These symptoms are
mild and decrease with continued use.

Bupropion Sustained Release (SR)
Bupropion SR was the first non-nicotine medication

approved by the FDA for the treatment of tobacco depen-
dence. Bupropion SR is an antidepressant that inhibits the
reuptake of dopamine and norepinephrine. Long-term treat-
ment with bupropion SR may reduce or delay smoking relapse.12

Bupropion SR has been consistently shown to be effective for
the treatment of the broad population of smokers including those
who have relapsed, smokers with comorbid psychiatric condi-
tions, African Americans, women, and smokers with medical
comorbidities.13 Bupropion SR can be used in combination with
NRTs. Bupropion SR may attenuate weight gain among contin-
uously abstinent smokers and may, therefore, be of particular
use for smokers concerned about postcessation weight gain.
Importantly, with short-term use, weight gain occurs after the
medication is discontinued.14 All smokers attempting to stop
should be encouraged to make appropriate modifications to their
diet and to increase exercise.

Bupropion SR can be continued for 6 to 12 months if
the risk of tobacco relapse is high. Bupropion SR is contra-
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indicated in patients with a history of an eating disorder and
seizures and among those who have recently used (past 2
weeks) a monoamine oxidase inhibitor (MAO-I). Among
patients with a history of closed head trauma (CHT), CHT
associated with loss of consciousness (LOC) in the past 5
years, LOC or amnesia 30 minutes or longer at any time,
CHT resulting in skull fracture, or CHT with brain contusion
and/or intracranial bleeding have a somewhat increased risk
of seizures and thus have a relative contraindication for the
use of bupropion SR.13

The most common side effects with the use of bupro-
pion SR are dry mouth (10%) and insomnia. If insomnia is a
problem, patients should be instructed to take the second dose
in the late afternoon but always 8 hours after the first dose.

NEW PHARMACOTHERAPIES

Nicotine Lozenge
The nicotine lozenge (trade name Commit; GlaxoSmith-

Kline, Philadelphia, PA) was developed based on the long
history of safe oral mucosal delivery of nicotine and the
desire among tobacco users for alternative NRT products for
better esthetics, ease of use, and fewer limitations because of
oral health (i.e., dental work, temporomandibular joint syn-
drome).15 Like the nicotine gum, the nicotine lozenge pro-
vides active self-dosing in response to cravings.16,17 The
lozenge dissolves as a result of saliva bathing, physical
abrasion, and manipulation in the oral cavity. The nicotine
lozenge has low abuse liability.18

The nicotine lozenge is available in the 2- and 4-mg
doses. The recommended dose for cigarette smokers is based
on the time to first cigarette in the morning. The 4-mg
strength is indicated for individuals whose first cigarette is
within 30 minutes of waking, and the 2-mg strength is
suggested for smokers whose first cigarette is more than 30
minutes after waking.

The efficacy of the 2- and 4-mg nicotine lozenges for
smoking cessation has been demonstrated in a large clinical
trial.17 The nicotine lozenge significantly reduces cravings
and withdrawal. The most common side effects with the
nicotine lozenge are headache, diarrhea, flatulence, heartburn,
hiccups, and nausea.

Varenicline
Varenicline (trade name Chantix; Pfizer, New York, NY)

is a partial nicotine agonist at the �4�2 subtype of the nicotinic
acetylcholine receptor. The partial agonist activity theoretically
relieves nicotine withdrawal and craving while blocking the
reinforcing effects of continued cigarette smoking.19

Two double-blind, randomized, placebo-controlled tri-
als have been published assessing the efficacy of varenicline
compared with placebo and bupropion SR for smoking ces-
sation.19,20 The primary outcome was the continuous absti-
nence for the final 4 weeks (weeks 9–12) of 3 months of
treatment. Continuous smoking abstinence rates from weeks
9 to 12 were 44% in the varenicline group compared with
30% in the bupropion SR group and 18% in the placebo
group. This translates into a nearly fourfold increase in the
odds of smoking abstinence with varenicline compared with

placebo and a nearly doubling of the odds of quitting with
varenicline compared with bupropion SR at end of treatment.
The continuous smoking abstinence rate from weeks 9 to 52
was 22% with varenicline and 8% with placebo. Bupropion
SR had a 52-week continuous smoking abstinence rate of
16%, which was not significantly different from varenicline.
Both studies demonstrated a gradually increasing 7-day
point-prevalence abstinence rate from the target quit date
through approximately weeks 6 to 8. A possible interpretation
of this result is that quitting activity increased through a
cumulative effect of varenicline over the course of several
weeks after the target quit date. The results also demonstrated
that craving, withdrawal symptoms, and smoking satisfaction
were diminished in subjects receiving varenicline. Vareni-
cline taken for 24 weeks has also been shown to increase
smoking abstinence rates at 1 year compared to varenicline
taken for 12 weeks followed by placebo for 12 weeks.21

The most common side effect of varenicline is nausea
(29%), but it is mostly mild to moderate, and only 2.5% of the
patients discontinued participation in the clinical trials due to
this side effect.

SECOND-LINE PHARMACOTHERAPIES

Nortriptyline
Nortriptyline is a tricyclic antidepressant that has not

been approved by the FDA for the treatment of tobacco
dependence. Nortriptyline is associated with anticholinergic
side effects at therapeutic doses, which limits its clinical
utility. However, the efficacy of nortriptyline for smoking
cessation has been established in several randomized clinical
trials.22 Nortriptyline should be prescribed only after consid-
ering all the other first-line medications and newer pharma-
cotherapies.

Clonidine
Clonidine is used primarily as an antihypertensive med-

ication and has been shown to be effective for increasing
smoking-cessation rates.23 It is associated with dose-depen-
dent side effects such as dry mouth and sedation. Like
nortriptyline, clonidine has not been approved by the FDA as
a smoking-cessation medication and should be prescribed
only after considering first-line medications and newer phar-
macotherapies.

Combination Therapy
Although combination therapy with multiple nicotine

replacement therapies (i.e., gum and patch) is not an FDA-
approved strategy for treating tobacco dependence, it has
been shown to be more effective than single-agent therapy.
Combination NRT increases long-term smoking abstinence
rates compared with single-agent therapy for the combination
of nicotine patch and the 2-mg nicotine gum and nicotine
patch and the nicotine nasal spray.24,25

Combination NRT use provides patients with continu-
ous, passive nicotine dosing with the nicotine patch and ad
libitum dosing with gum, lozenge, inhaler, and/or nasal spray
nicotine, allowing the user to control craving and withdrawal
symptoms.26 Combination therapy should be considered for
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patients if their previous attempts to stop smoking with a
single medication have been unsuccessful or if a patient ex-
periences significant tobacco withdrawal symptoms with a
single agent at standard doses.27 Therapy dose and duration
should be based on the patient’s need for withdrawal symp-
tom relief and for support of abstinence. The selection of
NRT doses that can be taken ad libitum (nasal spray, inhaler,
gum, and lozenge), if used in combination therapy, is gener-
ally lower compared with their use as monotherapy.

Treatment with bupropion SR alone or in combination
with a nicotine patch results in significantly higher long-term
smoking-cessation rates than use of either nicotine patch
alone or placebo. Abstinence rates have been observed to be
higher with combination therapy than with bupropion SR alone,
although the difference was not statistically significant.28

PREGNANCY
In pregnancy, the nicotine patch, nasal spray, gum, in-

haler, and nortriptyline are FDA Class D medications. The
nicotine patch, clonidine, and varenicline are Class C medica-
tions, and bupropion SR is a class B medication. According to a
position statement by the American College of Obstetricians and
Gynecologists: “the use of nicotine replacement products or
other pharmaceuticals for smoking cessation aids during preg-
nancy have not been sufficiently evaluated to determine their
efficacy or safety.”29 American College of Obstetricians and
Gynecologists further recommends that medications should be
considered if behavioral therapies have failed. If used, medica-
tions should be short acting, and if a nicotine patch is used, it
should be removed at night. We recommend that these agents be
used during pregnancy after discussion with the woman about
the potential risks and benefits of use and the assistance of and
supervision by the woman’s physician.

SMOKING CESSATION AND LUNG CANCER
Smoking cessation remains an important clinical con-

sideration for patients diagnosed with lung cancer because
continued smoking has a negative impact on survival and
quality of life. Cigarette smoking has been associated with
decreased overall survival among patients receiving treatment
for non-small cell lung cancer,30–35 small cell lung cancer
(SCLC),36 and all cell types.37,38 In SCLC patients receiving
chemotherapy, continued smoking has been associated with
poor prognosis.39 Smoking cessation has been associated with
a decreased risk of the development of a second primary tumor
after therapy for SCLC.40–42 We have also observed that con-
tinued smoking is associated with a decreased quality of life
among patients with a new lung cancer diagnosis.43 For lung
cancer patients needing surgery, smoking cessation preopera-
tively may reduce their risk of postoperative morbidity.44

The diagnosis of lung cancer can serve as a “teachable
moment” to promote a health behavior change in patients and
motivate an attempt at tobacco abstinence.45 Unfortunately,
cancer is underused as a teachable moment.46 Clinicians
should inform their lung cancer patients of the negative
impact of continued smoking on survival and quality of life
and provide them with appropriate pharmacotherapy and
counseling.

CLINICAL DECISION-MAKING
Limitations exist to standard or fixed-dose treatment

regimens with most drugs in clinical practice, necessitating
the use of clinical knowledge of pharmacotherapy to individ-
ualize drug doses. The nicotine patch and bupropion SR
should be the “floor” upon which to build a pharmacothera-
peutic approach. The use of either as a stand-alone in treating
patients with mild tobacco dependence or those who relapse
is recommended. Depending on the individual patient, we use
the nicotine patch in combination with bupropion SR with
shorter acting NRTs for symptom control. For patients with
more severe tobacco dependence, we use combination ther-
apy with three or more products simultaneously. No pharma-
cologic rationale supports the concomitant use of varenicline
and NRT, so varenicline can be used as a monotherapy or in
combination with bupropion SR.47

CONCLUSIONS
Globally, tobacco dependence is one of the most prevent-

able causes of death and disability and is the most important
causal factor for lung cancer in men and women. Tobacco
dependence is a chronic disease characterized by relapse and
remission. A variety of safe and effective pharmacotherapies for
the treatment of tobacco dependence exists. All smokers who are
motivated to quit should be treated with appropriate behavioral
and pharmacologic therapy. The diagnosis of lung cancer should
be used as a teachable moment to promote an attempt at tobacco
abstinence. Treating smokers who have failed to achieve per-
manent abstinence with a variety of agents and in different
combinations will increase the likelihood of success.
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