Chapter 19
Management, Pharmacotherapies,
and Precision Medicine for Smoking Cessation

Check for
updates

Abstract Although 70% of smokers want to quit, only 4—7% are successful in the
long term. Cigarette smoking persists because of both the addictive propensity of
nicotine and the low success rates of existing treatments. Smoking cessation out-
comes are influenced by both smoking cessation medications and genetic factors
which include variations in the enzymes that metabolize nicotine and in nAChR
subunit genes that are the primary targets of nicotine and of treatment medications.
Identifying subjects with appropriate variants is an essential element in improving
smoking cessation outcomes. In this chapter, we highlight recent progress in our
understanding of how genetic variants in the pharmacological targets of nicotine
and smoking cessation medications could be used to tailor cessation therapy and
increase the success rate.
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1 Clinical Diagnostic Criteria for Nicotine Dependence (ND)

The DSM-V (APA 1994) defines tobacco use disorder as a problematic pattern of
tobacco use leading to clinically significant impairment or distress, as manifested
by at least two of the following criteria during a 12-month period: (1) using tobacco
in larger amounts or for a longer period than intended; (2) a persistent desire or
unsuccessful effort to reduce or control tobacco use; (3) a great deal of time spent in
activities necessary to obtain or use tobacco; (4) craving or a strong desire or urge
to use tobacco; (5) recurrent tobacco use resulting in a failure to fulfill obligations
of major roles at work, school, or home; (6) continued tobacco use despite persistent
or recurrent social or interpersonal problems caused or exacerbated by the effects of
tobacco; (7) important social, occupational, or recreational activities given up or
reduced because of tobacco use; (8) recurrent tobacco use in situations in which it
is physically hazardous; (9) tobacco use being continued despite knowledge of
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Table 19.1 Fagerstrom Test for Nicotine Dependence (FTND)

Question Selections Score
1. How many cigarettes a day do you usually smoke? 1-10 0
11-20 1
21-30 2
31 or more 3
2. How soon after you wake up do you smoke your first Within 5 min 3
cigarette? 6-30 min 2
31-60 min 1
More than 60 min 0
3. Do you smoke more frequently during the first 2 h of the day | Yes 1
than during the rest of the day? No 0
4. Which cigarette would you most hate the most to give up? The first cigarette in | 1
the morning
Any other cigarette |0
5. Do you find it difficult to refrain from smoking in places Yes 1
where it is forbidden, such as church, at the movies, etc.? No 0
6. Do you still smoke even when you are so ill that you are in bed | Yes 1
most of the day? No 0
Total 0-10

having a persistent or recurrent physical or psychological problem that is likely to
have been caused or exacerbated by tobacco; (10) tolerance; and (11) withdrawal
symptoms.

There are some concerns about the DSM criteria for ND, one of the primary ones
being that they do not measure the degree of dependence. Thus, other instruments
have been used as a supplement or replacement in both clinical and research set-
tings. The Fagerstrom Test for Nicotine Dependence (FTND) is one of the most
popular questionnaires to characterize the degree to which the patient is physically
dependent on cigarette smoking (Heatherton et al. 1991) (Table 19.1).

Another questionnaire for measuring ND is the Wisconsin Inventory of Smoking
Dependence Motives (WISDM) (Piper et al. 2004), which provides greater informa-
tion regarding various domains of smoking motivation. This is a relatively new scale
but with accumulating evidence suggesting its utility. Other scales are used less
frequently and tend to be restricted to research applications. However, only limited
direct research has evaluated the appropriateness of these new criteria.

2 Clinical Characteristics of ND

Patterns of tobacco use differ considerably in different users. Individuals may con-
sume tobacco sporadically or daily, in small to large amounts, and in single vs.
multiple forms. The degree to which an individual’s pattern of tobacco use is
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elicited by exposure to tobacco stimuli (e.g., others smoking, distressing circum-
stances) is variable, as is the type, intensity, and duration of the particular with-
drawal symptoms experienced. The general characteristics of the tobacco-using
population are changing, with higher prevalence rates now evident among those of
lower socioeconomic status and educational attainment and those with psychiatric
diagnoses or symptoms. Overall, the risk of relapse post-cessation is high, particu-
larly for those who quit without professional assistance or among certain subgroups
(e.g., pregnant women). Patients who have used tobacco products for an extended
period often present with signs of compromised health, generally related to the
length of their smoking history. Depressive or anxiety symptoms or both are rela-
tively common, and the clinician should be aware that the suicide rate for smokers
is substantially higher than that for the general population; the risk for former smok-
ers falls in between.

3 Genetic Screening for ND

Although there is substantial evidence for the involvement of genetic factors in ND
and smoking cessation, no major Mendelian genes or variants have been identified.
Familial clustering is common but not universal. Nevertheless, many variants have
been implicated in ND and its treatment. Further validation is greatly needed in
order to use this genetic information clinically.

Currently, there is a lack of clear and robust evidence supporting genetic testing
for ND or ability to quit smoking. Even though some markers appear to be promis-
ing, most of those tests have not yet been validated clinically. Although many SNPs
in various candidate genes have been associated with ND or smoking cessation,
only a few of them have been replicated in multiple independent samples, and most
of these findings await further replication. So far, the most convincing example is
variants in the nicotinic receptor subunit CHRNA5/A3/B4 gene cluster on chromo-
some 15 (see Chap. 5); a risk variant rs1051730 in this cluster has been used to
predict the potential genetic risk for ND in individuals of European origin. However,
the SNPs that have been investigated account for a very small proportion of the vari-
ance (e.g., <5%), and thus, their predictive clinical validity would be low.

4 Management and Pharmacotherapies for ND

Healthcare-based interventions for tobacco dependence that include both counsel-
ing and pharmacologic evidence-based components are the most effective treatment
approach. In general, interventions that incorporate higher levels of effort/resources
increase the likelihood of success. With respect to counseling, this means longer
treatment times/more sessions, as well as input from providers from a variety of


https://doi.org/10.1007/978-981-10-7530-8_5

342 19 Management, Pharmacotherapies, and Precision Medicine for Smoking Cessation

fields. When considering medications, recent evidence indicates that higher doses
(as appropriate), some combination regimens, longer duration of therapy, and initi-
ating prior to quit date (for nicotine replacement, similar to accepted protocols for
other medications) generally are associated with higher success rates.

4.1 Psychosocial Interventions

Counseling for ND greatly improves long-term success. Although intervention can
be delivered in many forms, emphasis on two factors appears to be key: practical
skills/problem solving and intra-treatment support. The delivery of services can dif-
fer with respect to intensity and modality. “Intensity” refers to the amount of time/
number and spacing of sessions. The depth to which issues are dealt with and the
extent of patient participation are likely correlated features. “Modality” is the man-
ner in which treatment is delivered. The following is a brief overview of current
options.

(a) Brief interventions in the primary care setting: Primary care physicians and
their staffs operate in an environment that offers many advantages regarding the
delivery of a standardized, brief intervention. The use of health information by
experts to motivate patients, along with the capacity to counsel and provide pre-
scription medications, is a highly effective combination. The major barriers are the
limited time available to deliver these services, as well as inadequate
reimbursement.

Brief interventions can be developed in light of the usual operations in the outpa-
tient clinic. They require little money or staff time, with interventions as short as
3 min substantially increasing cessation rates. One widely employed option is the
“5As” method, which involves the following: (1) asking about tobacco status at
each visit, (2) advising all tobacco users to quit, (3) assessing the patient’s willing-
ness to quit, (4) assisting the patient in quitting, and (5) arranging for follow-up
contact. Finally, if the intervention is unsuccessful or the provider believes a more
potent intervention is necessary, patients can be referred to more intensive counsel-
ing programs.

(b) Specialty tobacco clinic interventions: This treatment option represents the
highest end of the intensity dimension. Such programs generally are delivered by
individuals who have received Tobacco Treatment Specialist training to conduct a
multi-session, face-to-face program (group or individual based) that addresses
numerous issues related to achieving cessation. These programs often employ
aggressive pharmacotherapy and more sophisticated counseling techniques and pro-
vide extended follow-up services.

(c) Quitelines: Telephone-based services have the advantages of broad reach and
somewhat more sophisticated counseling services, as well as easy access and rela-
tive anonymity. Pharmacotherapy options tend to be more limited, relying on
patients working with their own physicians for complex options, and thus are not as
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tailored or closely monitored as specialty clinic options. Overall, they may be con-
sidered of moderate intensity and represent a good option for many patients.

(d) Other options: Recently, other delivery modalities have emerged, including
web- and cellular telephone text-based options. Although available data are limited,
early findings suggest the utility of these treatments.

4.2 Approved Treatment for ND

National guidelines recommend that pharmacologic therapy be considered for all
smokers attempting to quit unless it is medically contraindicated. The US Food and
Drug Administration (FDA)-approved pharmacologic interventions are nicotine
replacement therapies (NRTs), bupropion hydrochloride, and varenicline tartrate,
all of which enjoy extensive published support for their effectiveness. Behavioral
counseling is an important adjunct to any pharmacologic intervention for smoking
cessation (Faessel et al. 2010).

A large proportion of the ability to quit smoking is heritable, with an estimated
heritability of 50-60% (Broms et al. 2006). During recent years, genetic variation in
the major pathway of nicotine metabolism has been shown to alter the quantity of
cigarettes smoked. Genetic variation in nicotine metabolism and receptor genes,
and in the dopaminergic pathway genes, has been implicated in the ability to quit
smoking.

(a) Nicotine replacement therapies deliver nicotine to ease withdrawal and crav-
ing while allowing the smoker to break the behavioral habits associated with tobacco
use. Withdrawal symptoms are experienced by many when attempting to quit and
can reduce the likelihood of achieving and maintaining abstinence.

There are five FDA-approved nicotine replacement options. Nicotine polacrilex
gum and lozenges are available in 2 mg and 4 mg doses and are sold without a pre-
scription. Patients must be instructed as to their proper use (e.g., “chew and park”
routine for the gum, avoiding ingestion of anything that alters the oral pH). The
primary advantage of these products is the ability to adjust administration as needed
for changing circumstances. Nicotine transdermal patches (also over-the-counter)
have the advantage of maintaining steady blood nicotine concentrations over the
course of the day. Both the nicotine nasal spray and the inhaler require a prescrip-
tion. All NRTs may produce side effects, although these often can be reduced or
eliminated with proper use tailored to the individual. The usual duration of use is
approximately 3 months, although evidence is accumulating of better long-term
abstinence with longer use.

(b) Bupropion hydrochloride (Zyban) is an atypical antidepressant with norad-
renergic and dopaminergic effects. Mechanisms of action include inhibition of
dopamine reuptake in the nucleus accumbens, as well as nicotine antagonism in the
ventral tegmental area. The recommended and maximum dose for smoking cessa-
tion is 300 mg per day, usually taken as 150 mg twice daily. Dosing should begin at
150 mg a day, the drug being given daily for the first 3—7 days, followed by an
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increase to the recommended 300 mg a day as tolerated. Typically, therapy is begun
1-2 weeks before the patient’s determined smoking quit date. Treatment should
continue for at least the recommended 12 weeks.

(c) Varenicline tartrate (Chantix) was approved by the FDA in 2006 for the treat-
ment of ND. This medication appears to function as a partial agonist at a4p2 and
full agonist at o7 nicotinic cholinergic receptors that binds with high affinity to
these receptors. Nicotine stimulation of this particular receptor, with which vareni-
cline binds with high specificity, is associated with significant mesolimbic dopa-
mine release, which reinforces nicotine use. The high affinity with which varenicline
binds to this receptor, in conjunction with its long half-life, reduces nicotine’s
capacity to stimulate the receptor, thereby attenuating the reinforcing properties of
nicotine ingestion while providing sufficient stimulation to counter withdrawal
symptoms. Dosing is up-titrated from 0.5 mg per day to 2 mg per day over the first
week; 3—6 months of use is recommended.

5 Precision Medicine for ND

Almost all approaches to human genetic studies have been used to search for sus-
ceptibility genomic regions and genes for ND, including genome-wide linkage
analysis and candidate gene-based or genome-wide association (GWA) studies.
Although there is a great variability in the detected linkage peaks among studies,
primarily because of the small samples, variations in measures of smoking behav-
ior, and differences in ethnic backgrounds and environmental factors, genetic vari-
ants in the following three groups have received much attention:

(a) Nicotine metabolism genes: One of the most investigated genes of this type is
CYP2A6, which encodes the enzyme cytochrome P450 CYP2AG6. In humans, about
70-80% of nicotine is converted to cotinine by this liver enzyme, with minor con-
tribution from CYP2B6. Nicotine is metabolized to minor compounds by additional
enzymes, including FMO3 and UGT2B 10. The majority of cotinine undergoes fur-
ther metabolism to 3’-hydroxycotinine (3HC) in a reaction mediated exclusively by
CYP2AG (Fig. 19.1). The 3'-hydroxycotinine/cotinine ratio, known as the nicotine
metabolite ratio (NMR), is an established and validated phenotypic indicator of
CYP2AG activity in daily smokers; faster CYP2AG6 activity is reflected by a higher
NMR (Allenby et al. 2016). Approximately 33—40% of cotinine is converted to its
primary metabolite, 3HC, also by CYP2A6.

The CYP2A6 gene is highly polymorphic, with many variants altering the pro-
tein’s function. Variants in CYP2A6 have been associated with several smoking-
related phenotypes. Individuals can be genotyped for these variants and grouped
into CYP2AG6 activity groups (e.g., faster and slower metabolizers) on the basis of
the predicted metabolic impact of their CYP2A6 genotype on nicotine clearance
(Benowitz et al. 2006). Smokers with reduced- or null-activity CYP2A6 alleles (i.e.,
CYP2A6%9, CYP2A6*12, CYP2A6%*2, or CYP2A6%*4) smoke fewer cigarettes and
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Fig. 19.1 Metabolism of nicotine to cotinine and trans-3'-hydroxycotinine

tend to be less nicotine dependent and more likely to quit than smokers with normal
or increased enzyme activity. Several smoking cessation studies have reproducibly
indicated that the nicotine metabolism rate predicts quitting success.

Given the large number of CYP2A6 alleles, as well as the influence of environ-
mental factors on nicotine metabolism, a phenotypic biomarker of CYP2AG6 activity
(B3HC/cotinine) appears to be a more robust predictor of cessation than genotype.
Similar to genotype-based activity groupings, smokers can be dichotomized as
faster or slower metabolizers on the basis of NMR. However, there currently is no
single optimized NMR cut-point to distinguish slower from faster metabolizer for
cessation optimization. Different investigators have selected NMT cut-points based
on sensitivity and specificity analyses of smoking cessation outcomes. Slower nico-
tine metabolizers have lower cigarette consumption, dependence, nAChR availabil-
ity, and brain response to smoking cues than do faster nicotine metabolizers. Slower
nicotine metabolizers also display higher smoking cessation rates in the absence of
pharmacotherapy.

In smokers randomized to treatment based on NMR, varenicline was more effi-
cacious than were nicotine patches in faster metabolizers but showed no or little
difference in value for slower metabolizers, suggesting that varenicline is more suit-
able for faster metabolizers, whereas the patch is more suitable for slower metabo-
lizers (Lerman et al. 2015).

Like CYP2A6, CYP2B6 is highly polymorphic. The CYP2B6 protein is expressed
in the liver and in extrahepatic tissues, including the brain, and degrades bupropion
to its pharmacologically active metabolite hydroxybupropion (Kharasch et al.
2008). Thus, variation in CYP2B6 activity that alters the hydroxybupropion con-
centration could influence the success of bupropion-assisted smoking cessation.
The common CYP2B6*6 haplotype (e.g., about 25% in Caucasians) comprises the
VYP2B6*4 (1s2279343) and CYP2B6*9 (rs3745274) non-synonymous variants
and is associated with lower hepatic CYP2B6 protein expression and reduced
metabolism of bupropion.

In addition to its role in bupropion metabolism, CYP2B6 is believed to act in the
central metabolism of nicotine. In rats, the selective inhibition of brain CYP2B,
which is thought to mimic genetically slow CYP2B6 metabolism in humans, is
associated with high brain nicotine concentrations and a need for a greater number
of sessions to extinguish nicotine self-administrative behavior. In placebo-treated
Caucasian heavy smokers, those with one or two copies of CYP2B6*6 had lower
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end-of-treatment quit rates than those with no copies of the variant (Lee et al. 2007).
Thus, slow CYP2B6 activity may be associated with a higher relapse risk in sub-
jects receiving placebo and possibly those taking bupropion.

(b) Nicotinic receptor subunit genes: Variation in nAChR genes, particularly in
the CHRNAS5/A3/B4 cluster, located on chromosome 15g25, has been examined for
association with smoking cessation success either in the absence of treatment or
with active pharmacotherapy. Although variants in the CHRNAS5/A3/B4 cluster are
robustly associated with small differences in cigarette consumption and ND (see
Chap. 5), the association between these variants and smoking cessation outcomes
has differed in various studies.

Of the SNPs in this cluster that have been investigated, rs16969968, located in
CHRNAS, has been studied most frequently. In a meta-analysis of 24 studies in
nontreatment-seeking Caucasian smokers, those with the AA genotype of
rs16969968 quit a median of 4 years later than smokers with the GG genotype
(Chen et al. 2015b). In a separate analysis of community-based Caucasian smokers,
a high-risk haplotype, defined by rs16969968 (A allele) and rs680244 (C allele),
delayed self-reported smoking cessation by a median of 2 years compared with
lower-risk groups (Chen et al. 2012). In contrast, rs16969968 does not appear to be
associated with quitting with the aid of pharmacotherapy. A meta-analysis in smok-
ers receiving NRT showed no associations between rs16969968 or rs1051730 and
end-of-treatment or 6-month quit rate (Leung et al. 2015). Furthermore, in several
studies of treatment-seeking individuals, including those using the nicotine patch,
bupropion, or varenicline, variant rs16969968 showed no association with smoking
cessation or the end-of-treatment quit rate (Chen et al. 2015a; Tyndale et al. 2015).
Two other SNP tagging loci, rs588765 and rs578776, in the CHRNAS/A3/B4 cluster
that have been robustly associated with minor influences on cigarette consumption
and dependence in Caucasians, likewise, were not associated with cessation out-
comes (Tyndale et al. 2015). Taken together, the lack of replicated findings for
nAChR gene variants and smoking cessation outcomes reduces the likelihood that
this genomic region will be useful in precision medicine action for smoking
cessation.

Beyond the CHRNAS5/A3/B4 cluster, variation in other nAChR subunit genes also
has been associated with smoking cessation. The A allele of rs2072661 in CHRNB?2
was associated with lower quitting rates in both bupropion- and placebo-treated
smokers (Conti et al. 2008). Analyses in three separate placebo-controlled clinical
trials revealed additional SNPs, rs3811450 and rs4292956 in CHRNB2, rs3787138
and rs2236196 in CHRNA4, and rs6494214 in CHRNA?7, which influenced absti-
nence in response to varenicline (King et al. 2012). Whether these findings will be
replicated in other varenicline-treated smokers or extended to other treatments
remains to be determined.

(c) Dopamine and other relevant neurotransmitter systems: Variation in the
genes involved in the dopamine system has been investigated as a potential source
of differences in smoking cessation outcomes. In general, functional polymor-
phisms that lead to reduced dopaminergic activity are thought to contribute lower
smoking cessation success (David et al. 2008).


https://doi.org/10.1007/978-981-10-7530-8_5

6 Concluding Remarks 347

Although the VNTR polymorphism in exon 3 of DRD4 was not associated with
overall abstinence in Caucasian smokers receiving placebo or bupropion, bupropion
increased the cessation rate in smokers with one or more copies of the long allele
(seven or more repeats) and showed no benefit in smokers with two copies of the
short allele (fewer than seven copies) compared with placebo-treated controls
(Simpson et al. 2010). In a separate study, Bergen et al. (2013) observed a larger,
albeit nonsignificant, benefit of bupropion in those with the long allele than in those
homozygous for the short allele. Together, these data suggest that bupropion is a
more suitable treatment for smokers with the long allele of exon 3 of DRD4.

Genetic variants in the dopamine transporter (SLC6A3) and DRD?2 genes also have
been examined as potential modulators of smoking cessation outcomes. At the end of
treatment, neither the 3'-VNTR polymorphisms in SLC6A3 nor the Tag1 A2 RFLP
polymorphism located in about 10 kb of the 3’ end of DRD2 was found to be associ-
ated with abstinence in Caucasian smokers randomized to receive either placebo or
bupropion (David et al. 2007). However, the 7ag1 A2 polymorphism was associated
with bupropion-assisted quitting at 6-month follow-up. In those with the DRD2
Tagq1A2/A2 genotype, quit rates were higher for subjects taking bupropion than those
on placebo. By contrast, bupropion was not associated with a greater cessation rate in
Tag1Al individuals. These findings highlight the potential importance of assessing
multiple genes and gene—gene interactions, as opposed to single genes, to identify
subgroups of smokers who are more likely to benefit from a certain treatment.

6 Concluding Remarks

The recent and current genetic studies of ND and smoking cessation have already
provided a wealth of knowledge regarding the etiology of ND and its successful
treatment. Insights into the molecular mechanisms underlying ND and other
smoking-related behaviors should provide new biological targets for developing
novel treatment drugs. Although none of the susceptibility variants is a definitive
genetic screening tool for the diagnosis of ND and its treatment, many susceptibility
variants have been suggested. For example, smokers with faster rates of nicotine
metabolism, as determined by the NMR, have higher quit rates when taking vareni-
cline than with the nicotine patch. On the other hand, for the slower metabolizers,
varenicline is not superior to the patch. Thus, appropriate determination of variants
influencing CYP2A6 activity is an important element in implementing precision
medicine for smoking cessation. Although the genetic variants in nAChRs and the
dopaminergic systems also have been associated with smoking cessation, the results
from different studies have been less consistent. Further investigation is needed to
improve personalized treatment. The development of treatment approaches that
consider multiple genetic and environmental factors may provide important new
options for the prevention and treatment of and population screening for ND. Finally,
pharmacogenetic research may identify the individuals most susceptible to ND and
those who may benefit maximally from certain medications.



348 19 Management, Pharmacotherapies, and Precision Medicine for Smoking Cessation

References

Allenby CE, Boylan KA, Lerman C, Falcone M (2016) Precision medicine for tobacco depen-
dence: development and validation of the nicotine metabolite ratio. J] Neuroimmune Pharmacol
11:471-483. https://doi.org/10.1007/s11481-016-9656-y

APA (1994) American Psychiatric Association. Diagnostic and statistical manual of mental disor-
ders, 4th edn. American Psychiatric Association, Washington, DC

Benowitz NL, Swan GE, Jacob P 3rd, Lessov-Schlaggar CN, Tyndale RF (2006) CYP2A6 geno-
type and the metabolism and disposition kinetics of nicotine. Clin Pharmacol Ther 80:457—467.
https://doi.org/10.1016/j.clpt.2006.08.011

Bergen AW, Javitz HS, Su L, He Y, Conti DV, Benowitz NL, Tyndale RF, Lerman C, Swan GE
(2013) The DRD4 exon III VNTR, bupropion, and associations with prospective abstinence.
Nicotine Tob Res 15:1190-1200. https://doi.org/10.1093/ntr/nts245

Broms U, Silventoinen K, Madden PA, Heath AC, Kaprio J (2006) Genetic architecture of smok-
ing behavior: a study of Finnish adult twins. Twin Res Hum Genet 9:64-72

Chen LS, Baker TB, Piper ME, Breslau N, Cannon DS, Doheny KF, Gogarten SM, Johnson EO,
Saccone NL, Wang JC, Weiss RB, Goate AM, Bierut LJ (2012) Interplay of genetic risk factors
(CHRNAS-CHRNA3-CHRNB4) and cessation treatments in smoking cessation success. Am
J Psychiatry 169:735-742. https://doi.org/10.1176/appi.ajp.2012.11101545

Chen LS, Baker TB, Jorenby D, Piper M, Saccone N, Johnson E, Breslau N, Hatsukami D, Carney
RM, Bierut LJ (2015a) Genetic variation (CHRNAS), medication (combination nicotine
replacement therapy vs. varenicline), and smoking cessation. Drug Alcohol Depend 154:278—
282. https://doi.org/10.1016/j.drugalcdep.2015.06.022

Chen LS, Hung RJ, Baker T, Horton A, Culverhouse R, Saccone N, Cheng I, Deng B, Han Y,
Hansen HM, Horsman J, Kim C, Lutz S, Rosenberger A, Aben KK, Andrew AS, Breslau N,
Chang SC, Dieffenbach AK, Dienemann H, Frederiksen B, Han J, Hatsukami DK, Johnson EO,
Pande M, Wrensch MR, McLaughlin J, Skaug V, van der Heijden HF, Wampfler J, Wenzlaff A,
Woll P, Zienolddiny S, Bickeboller H, Brenner H, Duell EJ, Haugen A, Heinrich J, Hokanson
JE, Hunter DJ, Kiemeney LA, Lazarus P, Le Marchand L, Liu G, Mayordomo J, Risch A,
Schwartz AG, Teare D, Wu X, Wiencke JK, Yang P, Zhang ZF, Spitz MR, Kraft P, Amos CI,
Bierut LJ (2015b) CHRNAS risk variant predicts delayed smoking cessation and earlier lung
cancer diagnosis — a meta-analysis. J Natl Cancer Inst 107. doi: https://doi.org/10.1093/jnci/
djv100

Conti DV, Lee W, Li D, Liu J, Van Den Berg D, Thomas PD, Bergen AW, Swan GE, Tyndale RF,
Benowitz NL, Lerman C (2008) Nicotinic acetylcholine receptor beta2 subunit gene implicated
in a systems-based candidate gene study of smoking cessation. Hum Mol Genet 17:2834-2848

David SP, Brown RA, Papandonatos GD, Kahler CW, Lloyd-Richardson EE, Munafo MR, Shields
PG, Lerman C, Strong D, McCaffery J, Niaura R (2007) Pharmacogenetic clinical trial of
sustained-release bupropion for smoking cessation. Nicotine Tob Res 9:821-833. https://doi.
org/10.1080/14622200701382033

David SP, Munafo MR, Murphy MF, Proctor M, Walton RT, Johnstone EC (2008) Genetic varia-
tion in the dopamine D4 receptor (DRD4) gene and smoking cessation: follow-up of a ran-
domised clinical trial of transdermal nicotine patch. Pharmacogenomics J 8:122-128. https://
doi.org/10.1038/sj.tpj.6500447

Faessel HM, Obach RS, Rollema H, Ravva P, Williams KE, Burstein AH (2010) A review of the
clinical pharmacokinetics and pharmacodynamics of varenicline for smoking cessation. Clin
Pharmacokinet 49:799-816. https://doi.org/10.2165/11537850-000000000-00000

Heatherton TF, Kozlowski LT, Frecker RC, Fagerstrom KO (1991) The Fagerstrom test for nicotine
dependence: a revision of the Fagerstrom Tolerance Questionnaire. Br J Addict 86:1119-1127

Kharasch ED, Mitchell D, Coles R (2008) Stereoselective bupropion hydroxylation as an in vivo
phenotypic probe for cytochrome P4502B6 (CYP2B6) activity. J Clin Pharmacol 48:464-474.
https://doi.org/10.1177/0091270008314254


https://doi.org/10.1007/s11481-016-9656-y
https://doi.org/10.1016/j.clpt.2006.08.011
https://doi.org/10.1093/ntr/nts245
https://doi.org/10.1176/appi.ajp.2012.11101545
https://doi.org/10.1016/j.drugalcdep.2015.06.022
https://doi.org/10.1093/jnci/djv100
https://doi.org/10.1093/jnci/djv100
https://doi.org/10.1080/14622200701382033
https://doi.org/10.1080/14622200701382033
https://doi.org/10.1038/sj.tpj.6500447
https://doi.org/10.1038/sj.tpj.6500447
https://doi.org/10.2165/11537850-000000000-00000
https://doi.org/10.1177/0091270008314254

References 349

King DP, Paciga S, Pickering E, Benowitz NL, Bierut LJ, Conti DV, Kaprio J, Lerman C, Park
PW (2012) Smoking cessation pharmacogenetics: analysis of varenicline and bupropion
in placebo-controlled clinical trials. Neuropsychopharmacology 37:641-650. https://doi.
org/10.1038/npp.2011.232

Lee AM, Jepson C, Hoffmann E, Epstein L, Hawk LW, Lerman C, Tyndale RF (2007) CYP2B6
genotype alters abstinence rates in a bupropion smoking cessation trial. Biol Psychiatry
62:635-641

Lerman C, Schnoll RA, Hawk LW Jr, Cinciripini P, George TP, Wileyto EP, Swan GE, Benowitz
NL, Heitjan DF, Tyndale RF, Group P-PR (2015) Use of the nicotine metabolite ratio as a
genetically informed biomarker of response to nicotine patch or varenicline for smoking ces-
sation: a randomised, double-blind placebo-controlled trial. Lancet Respir Med 3:131-138.
https://doi.org/10.1016/S2213-2600(14)70294-2

Leung T, Bergen A, Munafo MR, De Ruyck K, Selby P, De Luca V (2015) Effect of the rs1051730-
rs16969968 variant and smoking cessation treatment: a meta-analysis. Pharmacogenomics
16:713-720. https://doi.org/10.2217/pgs.15.34

Piper ME, Piasecki TM, Federman EB, Bolt DM, Smith SS, Fiore MC, Baker TB (2004) A multiple
motives approach to tobacco dependence: the Wisconsin Inventory of Smoking Dependence
Motives (WISDM-68). J Consult Clin Psychol 72:139-154

Simpson J, Vetuz G, Wilson M, Brookes KJ, Kent L. (2010) The DRD4 receptor exon 3 VNTR and
5" SNP variants and mRNA expression in human post-mortem brain tissue. Am J Med Genet B
Neuropsychiatr Genet 153B:1228-1233. https://doi.org/10.1002/ajmg.b.31084

Tyndale RF, Zhu AZ, George TP, Cinciripini P, Hawk LW Jr, Schnoll RA, Swan GE, Benowitz NL,
Heitjan DF, Lerman C, Group P-PR (2015) Lack of associations of CHRNAS5-A3-B4 genetic
variants with smoking cessation treatment outcomes in Caucasian smokers despite associations
with baseline smoking. PLoS One 10:e01281009. https://doi.org/10.1371/journal.pone.0128109


https://doi.org/10.1038/npp.2011.232
https://doi.org/10.1038/npp.2011.232
https://doi.org/10.1016/S2213-2600(14)70294-2
https://doi.org/10.2217/pgs.15.34
https://doi.org/10.1002/ajmg.b.31084
https://doi.org/10.1371/journal.pone.0128109

	Chapter 19: Management, Pharmacotherapies, and Precision Medicine for Smoking Cessation
	1 Clinical Diagnostic Criteria for Nicotine Dependence (ND)
	2 Clinical Characteristics of ND
	3 Genetic Screening for ND
	4 Management and Pharmacotherapies for ND
	4.1 Psychosocial Interventions
	4.2 Approved Treatment for ND

	5 Precision Medicine for ND
	6 Concluding Remarks
	References


