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  Lung cancer is the leading cause of cancer death in the 
United States  [1] . Two or 3 out of every 100 men and 1 or 
2 out of every 100 women, who are now 60 years old, will 
get lung cancer sometime during the next 10 years  [1] . 
Cigarette smoking is responsible for an estimated 90% of 
all lung cancers  [2] . The estimates for the prevalence of 
smoking at the time of lung cancer diagnosis have ranged 
from 24 to 60%, compared with 12–29% among the gen-
eral US population  [3–7] . Up to 83% of all smokers con-
tinue to smoke after a diagnosis of lung cancer  [5, 8, 9] . 
Parsons et al.  [10]  found in a review of 10 studies that 
people who continue to smoke after a diagnosis of early 
stage lung cancer almost double their risk of dying. De-
spite a growing body of evidence that smoking cessation 
after a lung cancer diagnosis is linked to more effective 
treatment and a better prognosis, the belief prevails that 
treating tobacco dependence is useless  [11] .

  Survival rates for lung cancer are improving every 
year; currently the expected 5-year survival for non-small 
cell lung cancer (NSCLC) is 60–75% for stage I and 36–
60% for stage II disease  [12] . New anticancer agents, in-
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  Abstract
  Lung cancer is the leading cause of cancer death in the US. 
About 50% of lung cancer patients are current smokers at 
the time of diagnosis and up to 83% continue to smoke after 
diagnosis. A recent study suggests that people who contin-
ue to smoke after a diagnosis of early-stage lung cancer al-
most double their risk of dying. Despite a growing body of 
evidence that continued smoking by patients after a lung 
cancer diagnosis is linked with less effective treatment and 
a poorer prognosis, the belief prevails that treating tobacco 
dependence is useless. With improved cancer treatments 
and survival rates, smoking cessation among lung cancer pa-
tients has become increasingly important. There is a press-
ing need to clarify the role of smoking cessation in the care 
of lung cancer patients.  Objective:  This paper will report on 
the benefits of smoking cessation for lung cancer patients 
and the elements of smoking cessation treatment, with con-
sideration of tailoring to the needs of lung cancer patients. 
 Results:  Given the significant benefits of smoking cessation 
and that tobacco dependence remains a challenge for many 
lung cancer patients, cancer care providers need to offer full 
support and intensive treatment with a smoking cessation 
program that is tailored to lung cancer patients’ specific 
needs.  Conclusion:  A tobacco dependence treatment plan 
for lung cancer patients is provided.
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cluding angiogenesis and epidermal growth factor recep-
tor inhibitors, have the potential to increase the number 
of lung cancer survivors  [13] . As lung cancer patients ex-
perience longer survival times they are more likely to 
benefit from the quality of life (QOL) improvements that 
abstinence from smoking can provide  [14, 15] . In the past, 
smoking cessation has not been considered an integral 
part of the treatment of cancer but, with improved cancer 
treatments and survival rates, smoking cessation among 
cancer patients has become increasingly important  [16] . 
There is a pressing need to clarify the role of smoking ces-
sation in the care of lung cancer patients. This paper will 
report on the benefits of smoking cessation for lung can-
cer patients and the elements of effective smoking cessa-
tion treatment, with consideration of tailoring to the 
needs of lung cancer patients.

  Benefits of Smoking Cessation for Lung Cancer 
Patients

  Smoking cessation programs for lung cancer patients 
have long been thought to have more cost than benefit. 
Slatore et al.  [15]  developed a decision analysis model to 
evaluate the cost effectiveness of a smoking cessation in-
tervention initiated immediately before surgical lung re-
section. The smoking cessation program was found to be 
cost-effective at both 1 and 5 years postsurgery. Smoking 
cessation for lung cancer patients yields both immediate 
and long-term benefits. There are significant positive ef-
fects of smoking cessation on the health of lung cancer 
patients: decreased risk of disease, increased survival 
time, decreased postoperative complications, increased 
efficacy of chemotherapy, decreased radiation therapy 
complications, and improved QOL.

  Immediate Benefits
  The immediate benefits of cessation include improved 

oxygenation, lowered blood pressure, improved smell, 
taste, circulation and breathing, increased energy, and 
improved immune response  [17] . Smoking cessation is 
associated with improved cognitive function, psycholog-
ical well-being, and self-esteem  [18, 19] . Lung cancer pa-
tients report after successful smoking cessation all of the 
same benefits plus decreased fatigue and shortness of 
breath, increased activity level, and improved perfor-
mance status, appetite, sleep, and mood  [18, 20, 21] . These 
benefits are of special import because patients with lung 
cancer have a greater symptom burden than patients with 
other cancers  [22] .

  Long-Term Benefits
  Decreased Risk of Disease
  Patients with pulmonary neoplasms have an increased 

risk of developing a second tumor of the lung, either at 
the same time or at a later time. The second tumor can 
represent an independent primary or a recurrence/me-
tastasis  [23] . Smoking cessation can decrease the risk of 
synchronous multiple primary lung cancer tumors  [24] , 
metachronous lung cancers in small cell lung cancer sur-
vivors  [25] , and second primary tumors  [25–29] .

  Nicotine induces polycyclic aromatic hydrocarbons 
(PAHs), products of incomplete combustion, which are 
some of the major lung carcinogens found in tobacco 
smoke  [30] . PAHs are also potent inducers of hepatic
enzymes  [31] . Many drugs are substrates for hepatic
CYP1A2, and their metabolism can be induced in smok-
ers, resulting in a clinically significant decrease in phar-
macologic effects. Thus, smokers may require higher dos-
es of drugs that are CYP1A2 substrates. It is important to 
recognize that these pharmacokinetic drug interactions 
are caused by the PAHs in tobacco smoke, not the nico-
tine. Pharmacodynamic drug interactions with tobacco 
smoke are largely due to nicotine. Because it activates the 
sympathetic nervous system, nicotine can counter the 
pharmacologic actions of certain drugs  [32] . Nicotine re-
placement therapy does not contribute to the pharmaco-
kinetic drug interactions discussed in this article  [32] .

  Nicotine itself is not carcinogenic, but it has been 
shown that, in vivo, nicotine can induce the proliferation 
of lung cancer cell lines, promote angiogenesis, and pro-
mote resistance to apoptosis (cell death) induced by che-
motherapeutic agents  [33] . These events are mediated 
through the nicotinic acetylcholine receptors (nAChRs) 
on lung cancer cells which impact on the efficacy of cis-
platin, a frequently used chemotherapeutic agent  [33] . 
Nicotine can contribute to the progression of lung can-
cers because nicotine can promote anchorage-indepen-
dent growth in NSCLCs and induce morphological 
changes characteristic of a migratory, invasive phenotype 
in NSCLCs  [34] .

  Tucker  [25]  found that, compared to the general popu-
lation, the risk of all second cancers among NSCLC pa-
tients was increased 3.5 times. Among those who received 
chest irradiation, second lung cancer risk was increased 
13-fold in comparison to a 7-fold increase among non-
irradiated patients. The risk was highest among current 
smokers; an interaction was present between chest irra-
diation and continued smoking (RR = 21), and a 19-fold 
risk increase was found among current smokers treated 
with alkylating agents. A synergism between chest radia-
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tion therapy and smoking in the development of second 
lung cancers was also found  [25] .

  Gritz et al.  [35]  studied smoking behavior in 840 adults 
with stage I NSCLC; at the time of diagnosis, 60% of the 
patients were smokers. Two years after diagnosis, 40% of 
the smokers had quit smoking. According to this study, 
smoking cessation at the time of diagnosis of lung cancer 
may reduce the rate of development of metachronous tu-
mors. Richardson et al.  [26]  found that the relative risk of 
developing a second lung cancer following curative-in-
tent therapy for squamous cell lung cancer was lower for 
those who had stopped smoking.

  Increased Survival Time
  Smoking cessation after a diagnosis of lung cancer has 

been linked to increased survival time  [36, 37] . In a re-
view of smoking cessation after diagnosis of a primary 
lung tumor, Parsons et al.  [10]  showed that the associated 
increase in risk of continuing to smoke is modest at 
around 20%; the adjusted estimates, however, suggested 
a more than doubling of the risk of death from continued 
smoking. Fox et al.  [7]  found that, among NSCLC patients 
diagnosed with early-stage disease, current smokers had 
a poorer prognosis for survival after radiation therapy. In 
their sample of 237 patients treated with definitive radia-
tion or chemoradiation, 2-year overall survival was cal-
culated from the time of initiation of treatment. Among 
those with stage I/II disease, current smokers had a 2-year 
survival rate of 41% and a median survival of 13.7 months 
while nonsmokers had a 2-year survival rate of 56% and 
a median survival of 27.9 months (p = 0.01). In a study of 
5,229 patients with NSCLC and squamous cell lung can-
cer, the median survival times among those who had nev-
er smoked, former smokers, and current smokers with 
NSCLC were 1.4, 1.3, and 1.1 years, respectively (p  !  0.01). 
The relative risk per 10 years of smoking abstinence was 
0.85, demonstrating a direct biological effect of smoking 
on survival  [38] .

  In a 2003 retrospective review (covering a 10-year pe-
riod) of studies using a concurrent chemoradiotherapy 
regimen for patients with limited small cell lung cancer, 
those who continued to smoke during chemoradiothera-
py had poorer survival rates than those who did not  [39] . 
Tammemagi et al.  [40]  found that current smoking at di-
agnosis was an important independent predictor of short-
ened lung cancer survival after adjusting for the baseline 
covariates age, gender, illicit drug use, adverse symptoms, 
histology, and stage. The relative risk for smoking (cur-
rent vs. former/never) was 1.37 (95% CI 1.18–1.59; p  !  
0.001).

  In 2010, Parsons et al.  [10]  conducted a systematic re-
view with meta-analysis on evidence that smoking cessa-
tion after diagnosis of a primary lung tumor affects prog-
nosis. The review revealed evidence that smoking cessa-
tion after diagnosis of early-stage lung cancer improves 
prognostic outcomes and most of the gain is likely due to 
reduced cancer progression.

  Decreased Postoperative Complications
  Nonsmokers are at decreased risk of postoperative 

complications compared with smokers  [41] . Yildizeli et 
al.  [42]  assessed operative morbidity and mortality on 
NSCLC patients that underwent a sleeve lobotomy. Cur-
rent smoking had a significant effect on the develop-
ment of postoperative complications including infec-
tion, bronchopleural fistula  [42] , and morbidity and 
mortality  [43] .

  In a 2005 prospective study of patients with primary 
or secondary lung cancer who were undergoing anatom-
ical lung resection, the 4 groups studied were: nonsmok-
ers (21%), past quitters of  1 2 months’ duration (62%),
recent quitters of  ! 2 months’ duration (13%), and ongo-
ing smokers (4%). Overall pulmonary complications oc-
curred in 8, 19, 23, and 23% of patients in these groups, 
respectively, with a significant difference between non-
smokers and all smokers (p  !  0.03)  [44] . The risk of pneu-
monia was significantly lower in nonsmokers (3%) com-
pared to all smokers (average 11%; p  !  0.05), with no dif-
ference detected among subgroups of smokers (p  !  0.17). 
When comparing recent quitters with ongoing smokers, 
no differences in pulmonary complications of pneumo-
nia were found (p  !  0.67). A smoking history of  1 60
pack-years (OR 2.54; 95% CI 1.28–5.04; p  !  0.0008) was 
independently associated with overall pulmonary com-
plications. In patients undergoing thoracotomy for pri-
mary lung cancer or metastatic cancer to the lung, there 
was no evidence of an increase in pulmonary complica-
tions among those who quit smoking within 2 months of 
having undergone surgery  [44] .

  Improved Response to Chemotherapy and Radiation
  Both chemotherapy and radiation treatment are like - 

ly to produce fewer complications and less morbidity 
among nonsmokers than smokers  [5, 45] . Smoking can 
have detrimental effects on the efficacy of chemotherapy 
including chemoresistance, chemoinsensitivity, and al-
tered chemotherapeutic levels  [5] . Smoking can signifi-
cantly affect the pharmacokinetics and toxicity profile of 
some drugs (e.g. irinotecan)  [46] . NSCLC patients with 
constitutional symptoms (i.e. fever, anorexia, and weight 
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loss) and more pack-years of smoking are less likely to 
respond to chemotherapy  [47] .

  As previously mentioned, some elements of cigarette 
smoke are known to affect drug metabolizing CYP en-
zymes and therefore affect treatment outcome. Nicotine 
in tobacco smoke can decrease the efficacy of certain 
drugs because of an increase in the metabolism of the 
drugs through the induction of hepatic enzymes  [31] . 
Van der Bol et al.  [46]  found that smoking significantly 
lowers both the exposure to irinotecan and treatment-
induced neutropenia, indicating a potential risk of treat-
ment failure. Shepherd et al.  [48]  found that twice the 
normal dose of erlotinib was required to produce the 
necessary circulating levels of the drug in smokers com-
pared to never-smokers. In a survival analysis, treat-
ment with erlotinib (p  !  0.001) and never having smoked 
(p  !  0.01) were associated with longer progression-free 
survival. The interaction between smoking status and 
treatment was significantly predictive of a differential 
effect on survival  [49] . Studies have suggested that ex-
posure to nicotine might negatively impact on the apop-
totic potential of chemotherapeutic agents, including 
cisplatin  [33] .

  Lung cancer patients who smoke have a 20% greater 
chance of experiencing radiation pneumonitis  [50] . The 
number of packages per year of cigarette smoking is sig-
nificantly positively associated with infection in patients 
with NSCLC during radiotherapy  [51] . Fox et al.  [7]  found 
that, among NSCLC patients diagnosed with early stage 
disease, current smokers had a poorer prognosis for sur-
vival after radiation therapy.

  Improved QOL
  The cessation of smoking after a lung cancer diagnosis 

has been consistently linked to an increase in QOL  [7, 20, 
26–29, 52] . Garces et al.  [20]  found that persistent ciga-
rette smoking after a lung cancer diagnosis negatively im-
pacted QOL scores. The adjusted mean total Lung Cancer 
Symptom Scale (LCSS) scores for never-smokers and per-
sistent smokers were 17.6 and 28.7, respectively (p  !  
0.0001), with higher scores indicating greater severity of 
symptoms. Myrdal et al.  [53]  found that patients who 
smoked after surgery experienced impaired QOL com-
pared with nonsmokers, and they had significantly lower 
scores for mental health and vitality than former smokers 
who stopped smoking at the time of surgery or before and 
than those who had never smoked.

  Performance status is an important factor in QOL. In 
a recent study, records were reviewed for 206 patients 
with NSCLC; those who quit smoking after the diagnosis 

maintained a better performance status at 6 and 12 
months, regardless of disease stage, age, race, sex, therapy 
types, and comorbidities, than those who continued to 
smoke. Those who quit smoking maintained a better per-
formance status at 0–6 months (OR 7.09; 95% CI 1.99–
25.3) and at 0–12 months (OR 6.99; 95% CI 1.76–27.7) 
than those who continued smoking  [21] .

  Although the benefits of cessation are extensive, they 
are not generally known to lung cancer patients and their 
clinicians. The specific benefits of smoking cessation 
(both immediate and long-term) that relate to lung can-
cer symptom distress need to be incorporated into smok-
ing cessation interventions. Tobacco dependence should 
be treated at the time of diagnosis of lung cancer, during 
treatment, and posttreatment.

  Tobacco Dependence Treatment

  Given the critical negative health effects of smoking 
on lung cancer survival and the major health benefits of 
smoking cessation, it is important that cancer care pro-
viders adopt the role of tobacco cessation treatment pro-
viders. The following section presents the clinical prac-
tice guidelines for treating tobacco dependence with a 
specific focus on the cancer care providers’ role.

  Current guidelines for treatment of tobacco depen-
dence have been published by the US Public Health Ser-
vice in 2000 and updated in 2008  [54] . The guidelines 
recommend use of the ‘5 A’s’: clinicians should ask all pa-
tients about tobacco use, advise smokers to quit, assess 
willingness to make a quitting attempt, assist patients 
with quitting smoking, and arrange follow-up ( table 1 ).

  Pharmacotherapy
  In addition to counseling, all smokers attempting ces-

sation should receive pharmacotherapy  [55] . First-line, 
FDA-approved medications for smoking cessation in-
clude nicotine replacement therapies (NRT), bupropion 
sustained release (SR), and varenicline (Chantix) ( ta-
ble 2 ). An excellent resource that provides accurate, up-
to-date pharmacotherapy information for smoking ces-
sation treatment, including dosing, precautions, side ef-
fects, and costs is: ‘Rx for Change’, sponsored by the 
University of California, San Francisco School of Phar-
macy (http://rxforchange.ucsf.edu). Rx for Change for 
Cancer Care Providers is a brief curriculum designed 
specifically for treating tobacco dependence in cancer pa-
tients and survivors.
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  •  Nicotine Replacement Therapy.  NRT is based on the 
principle that nicotine is the dependence-producing 
constituent of cigarette smoking and that smoking 
cessation can be achieved by replacing nicotine with-
out the toxins in cigarette smoke  [56] . The goal is to 
relieve the symptoms of withdrawal, which allows 

the patient to focus on conditioning factors when at-
tempting to stop smoking. NRT products are cur-
rently available over the counter and are the first-line 
medication choice of many smokers attempting to 
quit on their own. Because NRT has been deemed 
safe and effective and major side effects are very rare, 
they should be recommended to all smokers includ-
ing cancer patients, except for those few for whom 
they are medically contraindicated. These include 
patients with underlying cardiovascular disease: re-
cent myocardial infarctions, life-threatening ar-
rhythmias, and severe angina. NRT is not recom-
mended for smokeless tobacco users or individuals 
smoking fewer than 10 cigarettes per day  [54] . Patient 
education and follow-up is important for successful 
cessation. Dose tapering is not required when discon-
tinuing treatment.

  •  Bupropion (SR).  Bupropion SR is a norepinephrine and 
dopamine re-uptake blocker and is also commonly 
used as an antidepressant. Its clinical effects are a de-
creased craving for cigarettes and symptoms of nico-
tine withdrawal  [54] . Clinical trials have demonstrat-
ed bupropion’s efficacy as a smoking cessation adjunct 
in populations of individuals who have a history of 
major depressive disorder, as well as those who do not 
 [57] . Bupropion SR can be safely used with NRT. How-
ever, it should be avoided in patients with an increased 
risk for seizures. The possibility of age-related slower 
drug clearance mandates a modification of the stan-
dard bupropion dosing protocol: 150 mg/day for the 
first week; if no adverse effects occur, increase to 300 
mg for the second week; if no adverse effects occur, 
maintain this dosage for 12 weeks  [58] .

  •  Varenicline (Chantix).  Varenicline is a partial nicotin-
ic agonist; it binds to the nicotinic receptors, thereby 
preventing nicotine binding. This partial agonist ac-
tivity induces receptor stimulation and reduces with-
drawal symptoms during cessation. Varenicline blocks 
the dopaminergic stimulation responsible for the rein-
forcement and reward associated with smoking  [59] . 
This action reduces the craving for cigarettes. The ef-
fectiveness of varenicline in smoking cessation was 
demonstrated in 6 clinical trials. Five of the 6 studies 
were randomized, controlled, clinical trials in which 
varenicline was shown to be superior to the placebo in 
helping people quit smoking. In 2 of the 5 placebo-
controlled studies, varenicline-treated patients were 
more successful in giving up smoking than patients 
treated with bupropion  [60–62] .

  Table 1.    The five A’s of tobacco dependence treatment adapted
for lung cancer patients

  Ask.  The most important first step to treating tobacco dependence 
is identifying tobacco users. Clinicians may be reluctant to ask lung 
cancer patients if they smoke; this may be due to misinformation 
about the benefits of treatment or as a result of an underlying belief 
that it is ‘too late’ [11]. Ask every patient at every contact if they 
smoke tobacco. 

  Assessment.  The primary goal of assessment is to determine the 
patient’s readiness to quit, which will inform the type of assistance 
provided in the next step. Readiness to quit smoking has been con-
ceptualized as a series of stages from precontemplation (no imme-
diate intention to stop smoking) to contemplation (intending to 
quit in the next 6 months), preparation (considering quitting in the 
next month), action (quitting smoking for less than 6 months), and 
maintenance (smoke-free for at least 6 months) [92]. 

  Advise.  All smokers should be advised to quit smoking. The advice 
should be clear, strong, and compassionate. Ideally, link the advice 
to the patient’s individual clinical situation. For example, ‘Quitting 
smoking is critical to maximizing your recovery from surgery, 
your chemotherapy efficacy, and your long-term survival’ [54]. 

  Assist.  If the patient is unwilling to make a quitting attempt (pre-
contemplation or contemplation), the clinician should provide 
education and a motivational intervention to increase the per-
ceived benefits of quitting smoking, help to address barriers to 
quitting (e.g. concerns about nicotine withdrawal, stress), and  ar-
range  to address tobacco dependence at the next visit to the clinic. 
If the patient is ready to quit in the next 30 days (preparation stage), 
behavioral strategies should be emphasized with a set quitting date, 
a quitting plan developed, and cessation pharmacotherapy pre-
scribed, as appropriate. A patient in action, who recently quit with-
in the last 6 months, will need continued support and encourage-
ment and reminders regarding the need to abstain from all tobac-
co use – not even a puff. A patient in maintenance, who has been 
off of tobacco for more than 6 months, is usually stable but often 
needs to be reminded to remain vigilant for potential triggers for 
relapse [54].  

  Arrange.  Research indicates a dose response relationship between 
increased patient success with quitting smoking and increased 
clinical contacts [54]. Further, attention to tobacco use by more 
clinical team members increases the likelihood of patients success-
fully quitting smoking. Any clinician can initiate the quitting pro-
cess by asking and advising and then assisting with cessation and 
arranging follow-up or referring the patient to additional resourc-
es (e.g. quit smoking groups, toll-free quit lines).  
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 NRT formulations

gum lozenge transdermal patch nasal spray oral inhaler

 Product 
 Nicorette  1  , generic 
 OTC 
2 and 4 mg 
Original, cinnamon, fruit, mint 
(various), and orange

 Commit  1  , generic 
 OTC 
2 and 4 mg 
Cappuccino, cherry, original
(light-mint), and mint 

 NicoDerm CQ  1  , generic  2   
 OTC (NicoDerm CQ, generic) 
Rx (generic) 
7, 14, and 21 mg (24-hour release) 

 Nicotrol NS  3   
 Rx 
Metered spray 
0.5 mg nicotine in 50  � l 
aqueous nicotine solution 

 Nicotrol inhaler  3   
 Rx 
10-mg cartridge delivers 4 mg 
inhaled nicotine vapor 

 Precautions 
Recent (≤2 weeks) myocardial 
infarction
Serious underlying arrhythmias
Serious or worsening angina 
pectoris
Temporomandibular joint disease
Pregnancy 4  and breastfeeding
Adolescents (<18 years)

Recent (≤2 weeks) myocardial infarction
Serious underlying arrhythmias
Serious or worsening angina pectoris
Pregnancy 4  and breastfeeding
Adolescents (<18 years) 

Recent (≤2 weeks) myocardial 
infarction
Serious underlying arrhythmias
Serious or worsening angina 
pectoris
Pregnancy 4  (Rx formulations, 
category D) and breastfeeding
Adolescents (<18 years) 

Recent (≤2 weeks) 
myocardial infarction
Serious underlying 
arrhythmias
Serious or worsening angina 
pectoris
Underlying chronic nasal 
disorders (rhinitis, nasal 
polyps, and sinusitis)
Severe reactive airway disease
Pregnancy 4  (category D) and 
breastfeeding
Adolescents (<18 years) 

Recent (≤ 2 weeks) 
myocardial infarction
Serious underlying 
arrhythmias
Serious or worsening angina 
pectoris
Bronchospastic disease
Pregnancy 4  (category D) and 
breastfeeding
Adolescents (<18 years)

 Dosing 
≥ 25 cigarettes/day:  4 mg 
< 25 cigarettes/day:  2 mg

Week 1–6: 1 piece q 1–2 h 
Week 7–9: 1 piece q 2–4 h
Week 10–12: 1 piece q 4–8 h

Maximum: 24 pieces/day
Chew each piece slowly
Park between cheek and gum when 
peppery or tingling sensation 
appears ( � 15–30 chews)
Resume chewing when taste or 
tingle fades
Repeat chew/park steps until most 
of the nicotine is gone (taste or 
tingle does not return; generally 30 
min)
Park in different areas of mouth
No food or beverages 15 min 
before or during use
Duration: up to 12 weeks 

 1st cigarette  ≤ 30 min after waking:  4 mg
 1st cigarette >30 min after waking:  2 mg

Week 1–6: 1 lozenge q 1–2 h
Week 7–9: 1 lozenge q 2–4 h
Week 10–12: 1 lozenge q 4–8 h

Maximum: 20 lozenges/day
Allow to dissolve slowly (20–30 min)
Nicotine release may cause a warm, 
tingling sensation
Do not chew or swallow
Occasionally rotate to different areas of 
the mouth
No food or beverages 15 min before or 
during use
Duration: up to 12 weeks

 >10 cigarettes/day
 21 mg/day  !  4 weeks (generic)
21 mg/day  !  6 weeks (NicoDerm 
CQ)
14 mg/day  !  2 weeks

7 mg/day  !  2 weeks

 ≤10 cigarettes/day
 14 mg/day  !  6 weeks

7 mg/day  !  2 weeks

May wear patch for 16 h if patient 
experiences sleep disturbances 
(remove at bedtime)
Duration: 8–10 weeks

1–2 doses/h
(8–40 doses/day) 
One dose = 2 sprays (1 in 
 each  nostril); each spray de-
livers 0.5 mg of nicotine to 
the nasal mucosa

Maximum :
5 doses/h
40 doses/day
For best results, initially use 
at least 8 doses/day
Patients should not sniff, 
swallow, or inhale through 
the nose as the spray is being 
administered
Duration: 3–6 months

6–16 cartridges/day 
Individualize dosing; initially 
use 1 cartridge q 1–2 h
 
Best effects with continuous 
puffing for 20 min
Initially use at least
6 cartridges/day
Nicotine in cartridge is 
depleted after 20 min of active 
puffing
Patient should inhale into 
back of throat or puff in short 
breaths
Do NOT inhale into the lungs 
(like a cigarette) but ‘puff’ as 
if lighting a pipe
Open cartridge retains 
potency for 24 h
Duration: 3–6 months 

 Adverse effects 
Mouth/jaw soreness
Hiccups
Dyspepsia
Hypersalivation
Effects associated with incorrect 
chewing technique 

Lightheadedness
Nausea/vomiting
Throat and mouth irritation

Nausea
Hiccups
Cough
Heartburn
Headache
Flatulence
Insomnia

Local skin reactions (erythema, 
pruritus, and burning)
Headache
Sleep disturbances (insomnia and 
abnormal/vivid dreams); 
associated with nocturnal nicotine 
absorption

Nasal and/or throat irritation 
(hot, peppery, or burning 
sensation)
Rhinitis
Tearing
Sneezing
Cough
Headache 

Mouth and/or throat 
irritation
Cough
Headache
Rhinitis
Dyspepsia
Hiccups

 Advantages 
Might satisfy oral cravings
Might delay weight gain
Patients can titrate therapy to 
manage withdrawal symptoms
Variety of flavors are available 

Might satisfy oral cravings
Might delay weight gain
Easy to use and conceal
Patients can titrate therapy to manage 
withdrawal symptoms
Variety of flavors are available 

Provides consistent nicotine levels 
over 24 h
Easy to use and conceal
Once daily dosing is associated 
with fewer compliance problems 

Patients can titrate therapy to 
rapidly manage withdrawal 
symptoms

Patients can titrate therapy to 
manage withdrawal 
symptoms
Mimics hand-to-mouth ritual 
of smoking (could also be 
perceived as a disadvantage) 

  Table 2.  Pharmacologic product guide: FDA-approved medications for smoking cessation
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Bupropion SR Varenicline

Zyban 1 , generic
Rx 
150-mg RS tablet

Chantix 3  

 Rx
0.5- and 1-mg tablets 

Concomitant therapy with medications or medical conditions known to lower 
the seizure threshold
Severe hepatic cirrhosis
Pregnancy 4  (category C) and breastfeeding
Adolescents (<18 years)

 Warning
 BLACK-BOX WARNING for neuropsychiatric symptoms 5
 
 Contraindications
 Seizure disorder 

Severe renal impairment (dosage adjustment is necessary)
Pregnancy 4  (category C) and breastfeeding
Adolescents (<18 years)

 Warnings
 BLACK-BOX WARNING for neuropsychiatric symptoms 5 

Safety and efficacy have not been established in patients with serious 
psychiatric illness 

Concomitant bupropion (e.g. Wellbutrin) therapy
Current or prior diagnosis of bulimia or anorexia nervosa
Simultaneous abrupt discontinuation of alcohol or sedatives/benzodiazepines
MAO inhibitor therapy in previous 14 days

150 mg p.o. q AM  !  3 days, then
150 mg p.o. b.i.d.

Do not exceed 300 mg/day
Patients should begin therapy 1–2 weeks  prior  to quitting date
Allow at least 8 h between doses
Avoid bedtime dosing to minimize insomnia
Dose tapering is not necessary
Can be used safely with NRT
Duration: 7–12 weeks, with maintenance up to 6 months in selected patients 

Days 1–3: 0.5 mg p.o. q AM 
Days 4–7: 0.5 mg p.o. b.i.d. 
Weeks 2–12: 1 mg p.o. b.i.d.

Patients should begin therapy 1 week  prior  to quitting date
Take dose after eating, with a full glass of water
Dose tapering is not necessary
Nausea and insomnia are side effects that are usually temporary
Duration: 12 weeks; an additional 12-week course may be used in 
selected patients

Insomnia
Dry mouth
Nervousness/difficulty concentrating
Rash
Constipation
Seizures [risk is 1/1,000 (0.1%)] 

Nausea
Sleep disturbances (insomnia and abnormal/vivid dreams)
Constipation
Flatulence
Vomiting
Neuropsychiatric symptoms (see ‘Precautions’, above) 

Easy to use; oral formulation might be associated 
with fewer compliance problems
Might delay weight gain
Can be used with NRT
Might be beneficial in patients with depression 

Easy to use; oral formulation 
might be associated with fewer 
compliance problems
Offers a new mechanism of action for patients who have failed other 
agents 
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  There have been case reports of neuropsychiatric 
symptoms (behavior changes, agitation, depressed mood, 
and suicidal ideation or behavior) and reports of worsen-
ing of preexisting psychiatric illness. These reports are 
rare in comparison to the total number of patients using 
the medication  [63] . Clinicians need to closely monitor for 
neuropsychiatric symptoms while patients are using var-
enicline and bupropion as smoking cessation aids  [64] .
  •  Combination Pharmacotherapy . Data from random-

ized, controlled trials suggest that certain combina-
tions of first-line cessation medications are efficacious 
in promoting long-term abstinence. As such, the 2008 
Clinical Practice Guideline considers the following 
regimens to be appropriate first-line therapy in pa-
tients attempting to quit smoking  [54] :
  –  Combination NRT . Combination NRT according to 

Rx for Change  [65]  involves the use of a long-acting 
formulation (patch) in combination with a short-
acting formulation (gum, lozenge, inhaler, or nasal 
spray). The long-acting formulation, which delivers 
relatively constant levels of the drug, is used to pre-
vent the onset of severe withdrawal symptoms, and 
the short-acting formulation, which delivers nico-
tine at a faster rate, is used as needed to control 
withdrawal symptoms that may occur during po-

tential relapse situations (e.g. after meals, when un-
der stress, or when around other smokers). A recent 
meta-analysis found that the nicotine patch in 
combination with a short-acting NRT formulation 
(gum, inhaler, or nasal spray) was significantly 
more effective than single-agent NRT. The odds of 
long-term ( 6 6 months) cessation were 1.4 with 
combination therapy compared to monotherapy 
(95% CI 1.1–1.6)  [65, 66] .

  –  NRT and Bupropion SR . Combination therapy with 
bupropion SR and NRT has been evaluated in 3 
long-term controlled trials. Patients receiving com-
bination therapy in standard dosages were signifi-
cantly more likely to quit than were patients ran-
domized to the nicotine patch alone. The odds of 
long term ( 6 6 months) abstinence were 1.3 with 
the combination therapy compared to the nicotine 
patch monotherapy (95% CI 1.0–1.8)  [54] .

  Tobacco Dependence Treatment for Cancer Patients

  Patients with cancer may have higher levels of nicotine 
dependence, higher levels of co-morbidity, or more diffi-
culty quitting, as well as poorer health and physical func-

 NRT formulations

gum lozenge transdermal patch nasal spray oral inhaler

 Disadvantages 
Need for frequent dosing can 
compromise compliance
Might be problematic for patients 
with significant dental work
Patients must use proper chewing 
technique to minimize adverse 
effects
Gum chewing may not be socially 
acceptable 

Need for frequent dosing can 
compromise compliance
Gastrointestinal side effects (nausea, 
hiccups, and heartburn) might be 
bothersome 

Patients cannot titrate the dose to 
acutely manage withdrawal 
symptoms
Allergic reactions to adhesive 
might occur
Patients with dermatologic 
conditions should not use the 
patch 

Need for frequent dosing can 
compromise compliance
Nasal/throat irritation may 
be bothersome
Patients must wait 5 min 
before driving or operating 
heavy machinery
Patients with chronic nasal 
disorders or severe reactive 
airway disease should not use 
the spray

Need for frequent dosing can 
compromise compliance
Initial throat or mouth 
irritation can be bothersome
Cartridges should not be 
stored in very warm 
conditions or used in very 
cold conditions
Patients with underlying 
bronchospastic disease must 
use with caution 

 Cost/day  6 

2 or 4 mg: USD 2.16–4.68
(9 pieces) 

2 or 4 mg: USD 3.24–4.95
(9 pieces) 

USD 1.90–3.89
(1 patch) 

USD 3.92
(8 doses) 

USD 7.32
(6 cartridges) 

  Table 2  (continued) 

Copyright © 1999–2009 The Regents of the University of California. Reproduced 
with permission. For complete prescribing information, please refer to the manufactur-
ers’ package inserts. Hx = History; MAO = monoamine oxidase; OTC = over-the-coun-
ter (nonprescription product); Rx = prescription product.

 1  Marketed by GlaxoSmithKine. 
 2  Transdermal patch formulation previously marketed as Habitrol. 
 3  Marketed by Pfizer. 
 4  The US Clinical Practice Guideline states that pregnant smokers should be en-

couraged to quit without medication based on insufficient evidence of effectiveness and 
theoretical concerns with safety. Pregnant smokers should be offered behavioral coun-
seling interventions that exceed minimal advice to quit. 

 5  In July 2009, the FDA mandated that the prescribing information for all bupro-
pion- and varenicline-containing products include a black-boxed warning highlighting 
the risk of serious neuropsychiatric symptoms, including changes in behavior, hostility, 
agitation, depressed mood, suicidal thoughts and behavior, and attempted suicide. Cli-
nicians should advise patients to stop taking varenicline or bupropion SR and contact a 
healthcare provider immediately if they experience agitation, depressed mood, and any 
changes in behavior that are not typical of nicotine withdrawal, or if they experience 
suicidal thoughts or behavior. If treatment is stopped due to neuropsychiatric symp-
toms, patients should be monitored until the symptoms resolve. 

 6  Average wholesale price from Medi-Span Electronic Drug File (Indianapolis, Ind.; 
Wolters Kluwer Health, August 2009).
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tioning, and more stress and emotional distress, suggest-
ing the need for more intense or tailored programs  [67, 
68] . Given the impact of smoking on treatment (surgery, 
radiation, and chemotherapy), a patient’s smoking status 
should be considered as part of the treatment decisions. 
Systematic advice received from multiple providers is 
more effective than advice from a single provider  [54] . A 
stepped care approach may be useful for patients experi-
encing difficulty with quitting  [52] . Schnoll et al.  [69]  
highlighted the need for motivational smoking cessation 
interventions for cancer patients. They investigated the 
difference between cancer patients who enroll in smoking 
cessation programs and those that do not. Decliners were 
significantly more likely to have head and neck cancer (vs. 
lung cancer) and report a lower readiness to quit smoking. 
There are few randomized clinical trials investigating to-
bacco dependence treatment for lung cancer patients  [70] .

  Tobacco Dependence Treatment for Highly 
Dependent Smokers

  Tobacco dependence is a chronic disease and relapse 
is intrinsic to this disease. Lung cancer patients who 
smoke are, more often than not, highly dependent smok-

ers. For the highly dependent smoker, tailored intensive 
interventions that combine behavioral interventions with 
pharmacologic cessation aides may be helpful  [5] . Com-
bination pharmacotherapy has also been found to be ef-
fective with highly dependent smokers  [71] . Intensive in-
terventions, however, may not be appropriate for all lung 
cancer patients, so other innovative interventions need to 
be considered. The use of telephone counseling has been 
shown to be effective among the general population and 
is now available in every state throughout the US 
(1-800-Quit-Now)  [72] . Evidence has shown that proac-
tive counseling helps motivated smokers stay abstinent 
and that 3 or more calls increase the odds of quitting 
compared with standard self-help or brief health care 
provider advice  [73] .

  Other literature that can inform tailored cessation 
counseling for lung cancer patients includes studies that 
have targeted older smokers. The mean age of lung cancer 
patients is 70 years  [74] . Hall et al.  [58]  purport that treat-
ment for older smokers needs to conceptualize tobacco 
dependence as a chronic disease; most smokers have mul-
tiple quitting attempts and relapse is the norm  [75, 76] . 
Hall et al. achieved abstinence rates with older smokers 
of more than 55% at 24, 52, 64, and 104 weeks using bu-
propion and extended cognitive behavioral treatment.

Bupropion SR Varenicline

Seizure risk is increased 
Several contraindications and precautions
preclude use in some patients 
(see ‘Precautions’, above) 

May induce nausea in up to one third of patients
Postmarketing surveillance data indicate potential for neuropsychiat-
ric symptoms
(see ‘Precautions’, above) 

USD 3.62–7.78
(2 tablets) 

USD 4.90–5.18 
(2 tablets) 
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  Treatment Factors Specific to Treating Smokers with 
Lung Cancer
  Only 3 smoking cessation intervention studies have 

been conducted with diagnosed lung cancer patients  [45, 
77, 78] . In 1997, a smoking cessation intervention was 
evaluated among patients with lung cancer during hospi-
talization. Upon admission, 87% of the subjects expressed 
intent to quit smoking in the next month. The interven-
tion included only 15 subjects and consisted of 3 daily 
20- to 30-min visits and 5 weekly follow-up phone calls. 
At 6 weeks postintervention, 14 (93%) subjects reported 
making at least 1 quitting attempt and 40% were con-
firmed abstinent. The finding suggested that a more in-
tensive intervention can succeed and would be of interest 
to lung cancer patients  [55] . Browning et al.  [77]  evalu-
ated the effectiveness of a smoking cessation intervention 
that included face-to-face and phone follow-up behavior-
al interventions with 14 patients with lung cancer. The 
number of subjects using NRT was not noted and only 3 
subjects used bupropion. Cox et al.  [45]  found that nico-
tine dependence treatment is effective for patients with a 
lung cancer diagnosis and that the majority of lung can-
cer patients were motivated to quit smoking. The 6-month 
tobacco abstinence rate was 22% for the lung cancer pa-
tients compared with 14% for the control patients (p = 
0.024). The intervention involved a brief consultation 
with a cessation counselor and a treatment plan individu-
alized to the patient’s needs. Data on the type of recom-
mended interventions and whether patients adhered to 
these recommendations were not entered into the data-
base. None of the interventions studied in the literature 
met the US Public Health Service Guidelines recommen-
dation for a combination of both behavioral and pharma-
cologic treatment  [54] .

  There are several additional features based on the 2008 
guidelines for smoking cessation  [54]  to consider when 
treating tobacco dependence in patients with lung cancer.
  •  Motivation . Improving one’s health may not be the 

most effective motivational factor; however, providing 
information about the short-term and long-term ben-
efits of smoking cessation during lung cancer treat-
ment is essential. Evidence suggests that the majority 
of lung cancer patients are motivated to stop smoking 
 [45] . Although a diagnosis of lung cancer is assumed 
to be a strong motivator, lung cancer patients who 
smoke are at various stages of readiness to quit. For the 
lung cancer patient the time of diagnosis provides a 
window of opportunity where receptivity to a smok-
ing cessation attempt may be increased. However, if 
this opportunity is not realized at the time of diagno-

sis the health care provider needs to continue to ask 
and assess for readiness throughout the course of 
treatment. Previous attempts at smoking cessation can 
be framed as opportunities to discover effective strat-
egies for successful cessation. Tone and manner should 
convey a concern for the patient’s well-being as well as 
a commitment to help him or her quit, when the pa-
tient is ready. The message is: ‘It’s important that you 
quit as soon as possible, and I can help you.’ For those 
patients willing to quit, extended treatment has been 
found to be the most effective with older smokers and 
is essential for lung cancer patients; smoking cessation 
should be an integral part of the entire course of lung 
cancer treatment  [58] .

  •  Stigma and Self-Blame.  Anecdotal evidence suggests 
that stigma is an important factor in the care of lung 
cancer patients  [79] . Whether they smoked or not, 
lung cancer patients reported stigmatization from cli-
nicians, as well as family members and friends, be-
cause the disease is strongly associated with smoking 
 [79] . Smokers have become a marginalized part of so-
ciety  [80] . Current and former smokers have identified 
several factors that contribute to perceptions of LCS 
including: perceptions of smoking as a choice, not an 
addiction; discrimination perpetrated against smok-
ers through no-smoking policies, and perceptions that 
smokers are less educated  [80] . Recently, with the de-
velopment of the lung cancer stigma scale, there is em-
pirical evidence that lung cancer patients experience 
significant levels of perceived stigma whether or not 
they are current or past smokers. Stigma had a strong 
significant correlation with increased depression and 
diminished QOL   [Cataldo et al., unpubl. data]. Educa-
tion about coping strategies to deal with self-blame 
and stigma needs to be incorporated into the smoking 
cessation intervention.

  •  Mood Management.  As a result of a lung cancer diag-
nosis, patients often experience increased psychologi-
cal distress, increased feelings of burden, stress, and 
stigmatization  [81–84] . Lung cancer patients experi-
ence more psychological distress than other cancer pa-
tients, making mood management an essential aspect 
of treatment. It is important to evaluate and treat the 
patient for mood disorders and assist patients in the 
identification of effective coping strategies. Coping 
strategies are an essential part of smoking cessation 
for lung cancer patients.

  •  Smoke-Free Homes.  Considerable evidence suggests 
that having a smoke-free home may be associated with 
increased successful quitting  [85–87] . Smokers who 
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adopt a smoke-free home are almost 5 times more like-
ly to quit for  6 90 days  [87] . It is important to explain 
the impact of second-hand smoke on the health of pets 
and others and to encourage a contract for a smoke-
free environment to be signed by the patient and their 
significant circle.

  •  Social Support.  Little perceived social support has 
been found to predict smoking relapse  [88–90] . It is 
important to include in the intervention management 
a current support network and to identify those sup-
porting cessation and smoking. Bottoroff et al.  [81]  
investigated continued family smoking after lung 
cancer diagnosis and found that clinicians need to fo-
cus on collective behavior in the family setting to un-
derstand processes that influence health behavior 
changes. It is important to assist patients in finding 
ways to elicit positive support and handle negative 
support. Research suggests that partner involvement 
in smoking cessation may encourage long-term absti-
nence. Park et al.  [91]  found that interventions to en-
hance partner support showed the most promise 
when implemented with live-in, married, and equiv-
alent-to-married partners. They concluded that such 
interventions should focus on enhancing supportive 
behaviors, while minimizing behaviors critical of 
smoking. A strong predictor of relapse is having an-
other smoker in the home  [87] . Lung cancer patients 
often live with a smoker; treating a dyad or more than 
1 smoker in a home may increase the chances of smok-
ing abstinence success.

  Conclusion

  The lung cancer experience is unique in many ways 
(with issues of self-blame and stigma, anticipated short 
survival time, and increased symptom burden and dis-
tress), the lung cancer patient who smokes is highly de-
pendent on tobacco while faced with an urgent life crisis; 
research is needed to develop effective and tailored smok-
ing cessation interventions.   Given the prevalence of lung 
cancer patients who smoke and the significant benefits of 
smoking cessation, cancer care providers need to offer 
full support and tobacco dependence treatment that is 
tailored to patients’ specific needs. Intensive and extend-
ed tobacco cessation programs, including counseling 
with behavioral therapy and the use of nicotine replace-
ment and combined pharmacology with extended follow-
up, are highly efficacious, cost-effective, and a critical 
component of quality lung cancer care.
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