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Varenicline for Tobacco Dependence

J. Taylor Hays, M.D., and Jon O. Ebbert, M.D.

This Journal feature begins with a case vignette that includes a therapeutic recommendation. A discussion
of the clinical problem and the mechanism of benefit of this form of therapy follows. Major clinical studies,
the clinical use of this therapy, and potential adverse effects are reviewed. Relevant formal guidelines,
if they exist, are presented. The article ends with the authors’ clinical recommendations.

A 57-year-old man with a 60-pack-year history visits his primary care provider be-
cause he wants to quit smoking. He has a history of stable coronary artery disease,
peripheral vascular disease, and hypertension. He also has severe obstructive lung
disease (forced expiratory volume in 1 second, 39% of the predicted value) with a
progressive increase in dyspnea. He has quit smoking and has had numerous re-
lapses; the longest duration of abstinence from smoking was 7 months. Each relapse
involved casual smoking to “test himself.” During previous attempts to quit, he has
used a nicotine patch, a nicotine inhaler, and sustained-release bupropion. He feels
motivated to quit smoking because he recently heard about a new medication to aid
in quitting, and he wants to improve his health. The patient and his physician discuss
the therapeutic options and agree that varenicline (Chantix) may be an option.

THE CLINICAL PROBLEM

Cigarette smoking is the most preventable cause of illness, death, and excess health
care costs in the United States,"? accounting for more than 440,000 deaths annu-
ally and $157 billion in health-related economic losses.? In the adult population,
annual smoking-related deaths are attributed primarily to lung cancer (125,000
deaths), ischemic heart disease (82,000), and chronic obstructive pulmonary disease
(65,000).3 Cigarette smoking accounts for 30% of all deaths from cancer in the
United States. Smoking is a major risk factor for cancers of the lungs, larynx, oral
cavity, pharynx, and esophagus. Cigarette smoking is also causally related to the
development of cancers of the bladder, pancreas, uterine cervix, kidney, and stom-
ach, as well as acute myeloid leukemia.* On average, male smokers lose 13.2 years
of life expectancy, and female smokers lose 14.5 years.3

The prevalence of cigarette smoking among adults in the United States declined
from 42.0% in 1965 to 20.8% in 2006.> Among adult smokers, 36.5 million (80.8%)
smoke every day, and 8.7 million (19.2%) smoke some days. The current prevalence
of smoking is higher among men (23.9%) than among women (18.1%), generally
decreases with increasing education, and is higher among adults living below the
poverty level than among those living at or above the poverty level. At the current
rate of decline, the United States will not achieve the Healthy People 2010 goal of
less than a 12% prevalence of smoking among adults by 2010.°

PATHOPHYSIOLOGY AND EFFECT OF THERAPY

Nicotine is the addictive substance in tobacco” and it is the primary factor in con-
tinued and compulsive tobacco use. The pleasurable effects of nicotine from tobacco
(e.g., arousal and relief of anxiety), the association of pleasurable effects with environ-
mental triggers (e.g., after meals, with morning coffee, and during periods of
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stress), and the presence of craving and other un-
comfortable symptoms of nicotine withdrawal
with the cessation of tobacco use are important
factors that both reinforce continued smoking
and prevent smokers from achieving sustained
abstinence from the use of tobacco. Symptoms
and signs of nicotine withdrawal include irrita-
bility, frustration, and anger; a dysphoric or de-
pressed mood; anxiety; difficulty concentrating;
restlessness; an increased appetite or weight gain;
a decreased heart rate; and insomnia.?

The pharmacokinetic profile of nicotine deliv-
ered through tobacco smoke contributes consid-
erably to nicotine addiction.® After inhalation,
cigarette smoking results in rapidly rising nico-
tine levels because of the large surface area for
absorption in the pulmonary circulation. Blood
containing nicotine enters the left side of the
heart and rapidly reaches the cerebral circulation
and receptor targets before being diluted by dis-
tribution throughout the systemic circulation.
Studies confirm an immediate, rapid rise in nico-
tine levels from cigarette smoking.°

The interaction of nicotine with specific recep-
tors in the central nervous system is critical for
the development of dependence. Nicotine binds
to and causes conformational changes in nico-
tinic acetylcholine receptors located in multiple
areas of the brain (Fig. 1). These pentameric
receptors are composed of @ and 3 subunits; the
nicotinic acetylcholine receptors with the highest
affinity for nicotine contain two «4 and three
B2 subunits. The highest concentrations of the
high-affinity «42 nicotinic acetylcholine recep-
tors exist in the mesolimbic dopaminergic system,
or the so-called reward center of the brain.'*
Stimulation of these receptors in this system and
the resulting increase in dopamine release medi-
ate the reinforcing effects of nicotine.

Varenicline was developed by modifying the
structure of the naturally occurring plant alka-
loid cytisine, a partial agonist at the @432 nico-
tinic acetylcholine receptor that competitively
blocks the receptor and only partially activates it
(Fig. 1).12 Varenicline maintains the partial ago-
nist activity at the «42 nicotinic acetylcholine
receptor, with greatly improved penetration in the
central nervous system as compared with cyti-
sine. As a non-nicotinic partial agonist of the
432 nicotinic acetylcholine receptors, vareni-
cline binding leads to partial stimulation of re-
ceptor-mediated release of dopamine in the re-
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Figure 1. The Actions of Nicotine and Varenicline in the Brain.

The principal site of nicotine action in the brain is the mesolimbic system

(Panel A). Nicotine stimulates dopaminergic neurons located in the ventral
tegmental area, increasing dopamine release in the nucleus accumbens. Nico-
tine interacts with nicotinic acetylcholine receptors, which are pentameric

ion channels located in the mesolimbic system and elsewhere (Panel B). The
highest-affinity nicotinic acetylcholine receptors consist of two a4 subunits
and three 82 subunits. Nicotine binds to and causes a conformational change
in the 432 nicotinic acetylcholine receptor, increasing sodium (Na*) influx.
Varenicline is a partial agonist of the a432 nicotinic acetylcholine receptor
that causes partial stimulation while it competitively inhibits nicotine binding.
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ward center and competitive inhibition of receptor
binding by nicotine delivered from cigarettes. Con-
sequently, varenicline suppresses the symptoms
of nicotine withdrawal and reduces the pharma-
cologic reward from cigarette smoking.'3

CLINICAL EVIDENCE

Several randomized, controlled clinical trials
have shown that varenicline is superior to place-
bo for smoking cessation.*#° Data from three of
these trials suggest that varenicline is also more
effective than sustained-release bupropion.i#-1
Two identically designed studies of varenicline
efficacy randomly assigned a total of 2052 sub-
jects to receive varenicline at a dose of 1 mg twice
a day as compared with sustained-release bupro-
pion ata dose of 150 mg twice a day or placebo.*%1>
At the end of 12 weeks, the rates of abstinence
from smoking were significantly greater among
subjects who received varenicline than among sub-
jects who received either sustained-release bupro-
pion or placebo; the 7-day point-prevalence rate
of abstinence (i.e., no smoking during the previ-
ous 7 days) in both studies was approximately
50% among subjects who received varenicline, 36%
among subjects who received sustained-release
bupropion, and 21% among subjects who received
placebo. Fifty-two weeks after the initiation of
the study drug (i.e., 9 months after the drug was
discontinued), the 7-day point-prevalence rates of
abstinence from smoking were approximately 29%
among subjects who had received varenicline,
23% among subjects who had received sustained-
release bupropion, and 15% among subjects who
had received placebo. At 1 year, varenicline was
superior to placebo in both studies with regard
to the rate of continuous abstinence during weeks
9 through 52, but only one study showed the su-
perior efficacy of varenicline as compared with
sustained-release bupropion.#

Another study of the maintenance of absti-
nence from smoking assessed the effect of 12
additional weeks of varenicline as compared with
placebo in smokers who were abstinent after 12
weeks of receiving open-label varenicline.2® The
rates of continuous abstinence from smoking
among subjects who were randomly assigned to
receive an additional 12 weeks of varenicline
were superior to those among subjects who re-
ceived placebo at 1 year (odds ratio, 1.34; 95%
confidence interval [CI], 1.06 to 1.69; P=0.02),

suggesting that varenicline treatment for up to
6 months may be beneficial. Varenicline dimin-
ished craving, withdrawal symptoms, and smok-
ing satisfaction — findings that are consistent
with its proposed mechanism of action.

Two open-label trials have compared vareni-
cline with nicotine-replacement therapy. In a con-
venience sample of 412 patients in the United
Kingdom, short-term rates of cessation (4 weeks
after the quitting date) were higher with vareni-
cline than with nicotine-replacement therapy (ad-
justed odds ratio, 1.70; 95% CI, 1.09 to 2.67).2*
In an open-label study of 757 patients who were
randomly assigned to receive varenicline or a
nicotine patch, the biochemically confirmed rate
of continuous abstinence (during the last 4 weeks
of treatment) was significantly greater with
varenicline than with the nicotine patch (55.9%
vs. 43.2%, P<0.001).22 Additional, more methodo-
logically rigorous studies comparing varenicline
with nicotine-replacement therapy are needed to
make any judgment about their comparative ef-
ficacy.

CLINICAL USE

The clinical practice guidelines of the U.S. Public
Health Service have identified pharmacologic
agents as either first-line or second-line treatment
for tobacco use and dependence and as aids to
smoking cessation.?* Since 2000, options for first-
line pharmacotherapy have included nicotine-
replacement therapy and sustained-release bu-
propion, with the addition of varenicline as a
first-line agent in the 2008 guidelines.?® All first-
line medications are approved by the Food and
Drug Administration (FDA) for assistance with
smoking cessation.

Varenicline can be chosen as a treatment for
patients who have never received pharmacologic
treatment for smoking cessation as well as for
those in whom other treatments have not been
successful. Candidates for treatment should show
some evidence of motivation to quit smoking.
Varenicline is contraindicated for use during preg-
nancy and lactation until evidence of its safety in
pregnant and nursing women is available.

Clinicians prescribing varenicline should be
mindful that treatment results in real-world clin-
ical settings are likely not to be as good as those
reported in the published clinical trials for two
main reasons. First, the degree of behavioral

N ENGL) MED 359;19 WWW.NEJM.ORG NOVEMBER 6, 2008

Downloaded from www.nejm.org by MIGUEL CONCHA on November 5, 2008 .
Copyright © 2008 Massachusetts Medical Society. All rights reserved.



CLINICAL THERAPEUTICS

support provided in the published studies is dif-
ficult to replicate in practice. Second, the sub-
jects selected for inclusion in clinical trials are
generally healthy and may not be representative
of typical clinical populations.

For smokers starting varenicline therapy, a tar-
get quitting date should be set for 1 week after
the initiation of treatment. Varenicline treatment
should be initiated with a 1-week dose-adjust-
ment period, with a dose of 0.5 mg once daily on
days 1 through 3, 0.5 mg twice daily on days 4
through 7, and the target dose of 1.0 mg twice
daily starting on day 8 (i.e., the target quitting
date). The 1-week dose-adjustment period reduces
nausea as compared with initial therapy at 1 mg
twice daily.'” Patients should be advised to take
each dose with food in order to reduce the risk
of nausea. For problematic nausea, the dose may
be reduced to 1 mg once daily. If nausea resolves
at the lower dose, another attempt to increase the
dose to the target of 1 mg twice daily is appro-
priate.

Since more than 80% of varenicline is excret-
ed unchanged in the urine,?* no dose adjustments
are required for hepatic impairment. In patients
with severe renal impairment (estimated creati-
nine clearance, <30 ml per minute), a reduction
in the dose to 0.5 mg daily is recommended.
Varenicline is effectively removed with hemodialy-
sis and may be used at a similar dose in patients
undergoing thrice-weekly hemodialysis. Dose ad-
justments are not indicated in elderly patients,
and no adjustments are required in patients with
other coexisting medical illnesses. Because va-
renicline is minimally metabolized, no clinically
meaningful drug-drug interactions have been
described.

No special clinical laboratory monitoring is re-
quired for patients taking varenicline. Use of the
drug has not been associated with any clinically
important metabolic, hematologic, or electrocar-
diographic abnormalities (e.g., liver-test abnor-
malities, reductions in blood counts, or prolonga-
tion of the QT interval, respectively).

Continued therapy with varenicline may be
indicated in smokers who have been unable to
abstain from smoking after reaching the target
quitting date and who are still motivated to quit.
Evidence from clinical trials suggests a progres-
sive increase in the 7-day point-prevalence rate
of abstinence throughout 6 to 8 weeks of treat-
ment.**1> In patients who are unable to complete-
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ly abstain from smoking and are not motivated
to continue with a quitting plan, discontinuation
of therapy is indicated before completion of a
12-week course. Therapy may be discontinued
abruptly after 12 to 24 weeks, with no tapering
required.

The average retail cost of varenicline at a dose
of 1 mg twice daily is $3 to $4 per day. As with
other medication, the retail cost may vary widely.
Coverage by pharmacy plans and medical as-
sistance plans is not uniform among states or
regions.

Pharmacotherapy for smoking cessation is
most effective with brief counseling at the initia-
tion of treatment and periodically during follow-
up. The U.S. Preventive Services Task Force has
concluded that even “minimal counseling, last-
ing less than 3 minutes, has been shown to in-
crease overall tobacco abstinence rates” and that
“increasing session length and frequency in-
creased efficacy in a dose-response manner.”?>
Counseling by telephone may also be provided
as an adjunct to pharmacotherapy.2°

ADVERSE EFFECTS

As noted above, the most common adverse event
attributed to varenicline at a dose of 1 mg twice
daily is nausea, occurring in approximately 30 to
50% of treated subjects (Table 1).***> In most
cases, the nausea is mild or moderate, and dis-
continuation of treatment because of nausea oc-
curred in approximately 3% of subjects in the

Table 1. Varenicline as Compared with Placebo.*
Variable Varenicline Placebo
% of subjects
Adverse effect
Nausea 35.8 11.2
Insomnia 22.0 12.7
Abnormal dreams 14.4 5.0
Headache 16.8 14.3
Other gastrointestinal effects 22.5 11.8
Discontinuation of study drug due to treat- 12.0 8.1
ment-related adverse event

* Data shown are the mean percentages of subjects reporting the adverse effect
in randomized trials of varenicline at a dose of 1 mg twice daily. Adverse events
reported in 5% or more of subjects receiving varenicline at this dose are included.

T Other gastrointestinal effects were vomiting, constipation, diarrhea, flatulence,

and dyspepsia.
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two largest trials.***> When varenicline is taken
with food, the nausea is lessened. Other common-
ly reported adverse events with varenicline at a
dose of 1 mg twice daily are insomnia, abnormal
dreams, and gastrointestinal effects (Table 1).
Most adverse effects appear to be dose-depen-
dent, and a dose reduction may reduce or elimi-
nate symptoms. On average, 12% of subjects in
clinical trials who received varenicline at a dose
of 1 mg twice daily discontinued treatment be-
cause of a treatment-related adverse event.

Recently, a number of news articles in the
popular media, case reports in medical journals,
and voluntary reports from patients to the FDA
have described neuropsychiatric adverse events
associated with varenicline.?”-2° Because of these
reports, a new warning was added to the vareni-
cline label noting an association of varenicline
with an increased risk of neuropsychiatric symp-
toms, including agitation, depressed mood, sui-
cidal ideation and behavior, and worsening of
preexisting psychiatric illness.?° These adverse
effects were noted in patients undergoing nico-
tine withdrawal as well as in some patients who
were still smoking.

Since cigarette smoking is itself associated
with suicidal behavior,?° it remains unclear wheth-
er these neuropsychiatric symptoms are causally
related to varenicline use. However, patients re-
ceiving varenicline and their caregivers should
be alerted about these potential effects, and pre-
scribers need to monitor patients closely if ad-
verse behavioral effects are reported by the pa-
tient or family. If any symptoms or other changes
in behavior that are not typical for the patient
are observed, the patient should be advised to
stop taking varenicline and assessed to determine
whether the drug should be permanently discon-
tinued. Since varenicline was not tested in pa-
tients with psychiatric disorders (e.g., schizo-
phrenia, bipolar disorder, or current major
depression), its safety in these patients has not
been assessed, and it should be used only with
caution in such persons.

Adverse events (e.g., unexplained alterations
in consciousness or visual disturbances) report-
ed to the FDA during the postmarketing period
and summarized by a nonprofit medication-safety
group also suggest safety concerns about the use
of varenicline while driving or operating heavy
machinery.3* Prompted by these reports, the

Federal Aviation Administration determined that
pilots and air-traffic controllers may not use
varenicline. Similar caution regarding the use of
varenicline has been advised by the organization
overseeing interstate commercial truck and bus
drivers. Until a detailed analysis of these adverse
events to determine their cause is completed,
varenicline should not be used in medically cer-
tified pilots, air-traffic controllers, or other peo-
ple for whom the examining clinician believes the
use of varenicline would create a safety concern.

AREAS OF UNCERTAINTY

Results of clinical trials#-1° and indirect evidence
from a meta-analysis3? confirm that the efficacy
of varenicline is similar to that of other first-line
medications indicated for smoking cessation.
However, additional clinical experience and evi-
dence of comparative efficacy from clinical trials
will be required to establish whether there is a
hierarchy of efficacy for varenicline as compared
with other first-line treatments for smokers who
are trying to quit.

All published evidence regarding varenicline
to date involves the use of this agent as mono-
therapy. Combinations of various first-line treat-
ments may boost rates of smoking abstinence
over single-agent therapy,3*3+4 but no studies of
varenicline have examined this concept. Because
sustained-release bupropion and varenicline have
different therapeutic targets and no important
drug interactions, combined therapy may provide
an option for treatment in smokers who have
had relapses while receiving other first-line treat-
ments. Combined treatment with varenicline and
nicotine-replacement therapy is more problematic
because the risk and severity of nausea — an
adverse effect seen with both drugs — may in-
crease when the drugs are combined. Nicotine-
replacement therapy and varenicline may be toler-
able for some patients and may be preferable,
particularly during the initial dose-adjustment
period of varenicline, when withdrawal symp-
toms may be most severe and the risk of relapse
is highest. However, combination therapy with
varenicline and nicotine-replacement therapy is
not advised until studies ensuring safety and ef-
ficacy have been published.

The optimal length of therapy with vareni-
cline has not been defined. In a maintenance-of-
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abstinence trial, 6 months of varenicline treat-
ment resulted in better rates of abstinence at both
6 and 12 months than 12 weeks of treatment.2°
Varenicline treatment for up to 1 year was also
superior to placebo.>> Relapse prevention is the
critical issue to be tackled in order to achieve
significant reductions in the prevalence of smok-
ing among adults. Additional studies of smokers
who quit but who remain at risk for relapse are
needed; these studies may determine whether
prolonged therapy will result in superior long-
term rates of abstinence from smoking.

As noted above, the safety of varenicline in
patients with certain coexisting psychiatric con-
ditions has not been established, and recent
warnings recommend caution when using vareni-
cline in these circumstances. Patients with clin-
ically significant or unstable medical conditions
such as cardiovascular disease and chronic lung
disease are often most in need of aids for smok-
ing cessation, but they were not included in the
pivotal trials of varenicline. Since varenicline has
not been associated with clinically significant
cardiopulmonary adverse effects, its use in pa-
tients with these conditions is likely to be safe.
Trials are currently being conducted to test the
efficacy and safety of varenicline in smokers with
coexisting cardiovascular disease and mild-to-
moderate chronic obstructive lung disease,3*37
but no published results are available.

GUIDELINES

The current U.S. Public Health Service clinical
practice guidelines for the treatment of tobacco
dependence recommend varenicline as one option
for first-line therapy.?® Similarly, current guide-
lines of the United Kingdom’s National Health
Service®® and the Royal Australian College of
General Practitioners3® recommend varenicline
with appropriate behavioral support for smokers
who are motivated to quit smoking. Other pro-
fessional societies also include varenicline among

the recommended forms of pharmacotherapy for
the treatment of tobacco dependence.***

RECOMMENDATIONS

The patient in the clinical vignette has many of
the chronic conditions classically associated with
tobacco use, and his history reflects the “harden-
ing” of smokers (i.e., increasing resistance to
cessation) that has been hypothesized.** Although
retreatment with one or more of the drugs that
he has previously used is an option, his motiva-
tion to quit now may be enhanced by the fact that
varenicline is a treatment option that he has not
tried. We would recommend varenicline along
with behavioral counseling to give him the best
opportunity for abstinence from smoking. He has
no contraindications for varenicline treatment
with the typical 1-week period of dose adjust-
ment up to the target dose of 1 mg twice daily.
Similar to all patients receiving varenicline, he
will need to be apprised of the potential for ad-
verse neuropsychiatric effects, and he should be
advised to report these symptoms immediately if
they occur. If he continues to smoke after reach-
ing his target quitting date, we would advise con-
tinuing treatment as long as he remains engaged
in a plan that will lead to abstinence in the first
8 to 10 weeks of treatment. Given his history of
repeated episodes of relapse and heavy cigarette
use, he may remain at an increased risk for re-
lapse for many weeks after quitting. We would
plan to continue his treatment with varenicline
for 6 months, with periodic follow-up for coun-
seling and assessment for adverse effects and to
ensure ongoing support for abstinence.
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