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ABSTRACT 

We investigated the efficacy of standard (8-week nicotine, 16-week placebo) vs extended 

(24-week nicotine) patch therapy for smoking cessation, and the effect of slow nicotine 

metabolism, indicated by CYP2A6 reduced metabolizer (RM) genotype or low 3-

hydroxycotinine/cotinine ratio (3HC/COT), on abstinence. RM versus normal genotype predicted 

lower 3HC/COT. Extended vs standard treatment produced higher abstinence at 24 weeks (32% 

vs 20%), but not at 52 weeks (both 14%). Low 3HC/COT and RM genotype predicted higher 

abstinence on extended versus standard treatment at 24 (47% vs 25%, 38% vs 17%) and 28 

weeks (34% vs 19%, 23% vs 11%), while high 3HC/COT or normal genotype did not. Within 

extended treatment, low versus high 3HC/COT predicted higher abstinence at 8 (48% vs 29%), 

24 (47% vs 25%), and 28 weeks (34% vs 16%), with similar trends for the genotype effect. 

Overall, extending nicotine treatment increased abstinence during therapy, particularly for slow 

metabolizers. 
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1. INTRODUCTION 

1.1 Smoking   

There are over 1 billion smokers worldwide (WHO 2008). In Canada, there are 4.9 million 

smokers, which is 18% of the Canadian population aged 15 years and older (CTUMS 2008). The 

widespread use of tobacco has considerable consequences because it is the single most 

preventable cause of death in the world, resulting in over 5 million deaths per year worldwide 

(WHO 2008). It causes cancer, cardiovascular diseases, respiratory diseases, harms reproduction, 

immunity, and increases your risk of fractures, dental diseases, eye diseases and peptic ulcers 

(CDC 2004).  

The aetiology of smoking is complex and includes environmental factors, such as the 

influence of peers and culture, as well as genetics. Twin, adoption, and family studies suggest 

that there is considerable genetic contribution to many aspects of smoking (Malaiyandi et al. 

2005; Ho and Tyndale 2007; Lerman et al. 2007). For instance, 60-70% of the variability in 

nicotine dependence and smoking persistence is due to genetics (Carmelli et al. 1992; True et al. 

1997; Heath et al. 1999; Koopmans et al. 1999; Kendler et al. 2000; McGue et al. 2000; Li et al. 

2003; Broms et al. 2006). The number of cigarettes smoked and nicotine withdrawal symptoms 

were also found to have genetic components (45-86% and 26-48%, respectively) (Swan et al. 

1990; Swan et al. 1996; Swan et al. 1997; Koopmans et al. 1999; Xian et al. 2003; Lessov et al. 

2004; Vink et al. 2004; Broms et al. 2006). Other studies found that 51-54% of variance in the 

risk for failed smoking cessation was attributable to genetics (Xian et al. 2003; Xian et al. 2005).  
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1.2 Nicotine Dependence 

1.2.1 Nicotine Titration 

To date, over 4000 compounds have been identified in tobacco smoke, including toxins and 

carcinogens such as polycyclic aromatic hydrocarbons and aromatic amines (Moritsugu 2007). 

Tobacco also contains several psychoactive ingredients, including nicotine and other minor 

alkaloids (e.g. nornicotine), acetaldehyde, and mono-amine oxidase inibitors (Dome et al. 2009). 

However, nicotine is the main psychoactive ingredient in tobacco, which is responsible for the 

pharmacological effects of tobacco, the maintenance of smoking behaviour and tobacco 

dependence (Henningfield et al. 1985; Surgeon's General Report 1988). Smokers titrate their 

smoking behaviour to maintain optimum nicotine levels in the brain and plasma (McMorrow and 

Foxx 1983). For instance, when the nicotine content of cigarettes is decreased, smoking 

behaviour is increased by methods such as smoking more cigarettes, increasing puff volume and 

puff frequency (Zacny and Stitzer 1988; Djordjevic et al. 1995; Scherer 1999; Kassel et al. 

2007). Smoking behaviour also intensifies when renal nicotine clearance is increased by urine 

acidification (Benowitz and Jacob 1985). A decrease in plasma nicotine has also been shown to 

increase craving for cigarettes (Jarvik et al. 2000). 

1.2.2 Reinforcing Effects of Nicotine 

The establishment and maintenance of cigarette smoking is due, at least in part, to the 

reinforcing effects of nicotine on brain reward pathways (Corrigall and Coen 1989; Le Foll and 

Goldberg 2005; Le Foll and Goldberg 2006; Le Foll et al. 2007). Nicotine readily crosses the 

blood-brain barrier and activates �4�2-nicotinic acetylcholine receptors (nAChRs), located on 

the dopamine neurons in the ventral tegmental area (VTA) (Wonnacott 1997; Picciotto et al. 

1998; Tapper et al. 2004; Lockman et al. 2005). This leads to increased dopamine release in the 
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nucleus accumbens and stimulation of the mesolimbic brain reward system (Pontieri et al. 1996; 

Pidoplichko et al. 1997; Stein et al. 1998; Laviolette and van der Kooy 2003; Rossi et al. 2005). 

Chronic exposure to nicotine leads to the upregulation of �4�2-nAChRs in the central 

nervous system, and this response is believed to be due to nicotine-induced desensitization and 

long-term inactivation of nAChRs (Marks et al. 1983; Schwartz and Kellar 1985; Fenster et al. 

1999; Quick and Lester 2002). Desensitization and inactivation of neuronal nAChRs is believed 

to play an important role in nicotine addiction by increasing tolerance and exacerbating 

withdrawal symptoms due to the upregulation of nAChRs (i.e. hyper-exciting cholinergic 

systems outside of the reward pathway) (Dani and Heinemann 1996). Tobacco withdrawal 

symptoms include anger, anxiety, craving, difficulty concentrating, hunger, impatience and 

restlessness (Hughes et al. 1991). 

1.2.3 Dependence Measures  

Tobacco or nicotine dependence can be diagnosed using standardized psychiatric diagnostic 

criteria, such as the Diagnostic and Statistical Manual of Mental Disorders fourth edition (DSM-

IV) by the American Psychiatric Association and the International Classification of Diseases 

10th revision (ICD-10) by the World Health Organization. Although administering DSM-IV or 

ICD-10 diagnostic interviews are considered ideal, they are difficult to implement in clinical or 

research settings because they are lengthy, expensive and require trained interviewers 

(Kawakami et al. 1999; Etter 2008). For these reasons, shorter, easy-to-apply, self-rating 

questionnaires based on the ICD-10 and DSM-IV definitions of dependence have been 

developed and are commonly used, such as the Fagerstrom Test of Nicotine Dependence 

(FTND). The six-item FTND is a revision of the Fragerstrom Tolerance Questionnaire (FTQ), 

and it is the most widely used and best-documented test of nicotine dependence in research or 
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clinical settings (Heatherton et al. 1991; Stavem et al. 2008). Other measures that are sometimes 

used include the Heaviness of Smoking Index, which is a shorter version of FTND containing 

two of the six items, or the twelve-item Cigarette Dependence Scale (Etter 2008). 

1.3 Smoking Cessation 

Of the 70% of smokers that say they want to quit, only 40% make a quit attempt each year 

(CDC 2002; CDC 2005). In instances of unaided quit attempts, the majority of smokers relapse 

within the first week of quitting, resulting in abstinence rates at 6 months of approximately 3-5% 

(Hughes et al. 2004). However, pharmacotherapy for smoking cessation can increase the odds of 

attaining long-term abstinence by 2-3 fold, compared to placebo (Nides 2008). Currently, the 

first-line therapeutic agents for smoking cessation approved by the US Food and Drug 

Administration (FDA) and Health Canada include multiple formulations of nicotine replacement 

therapy (NRT), Bupropion (Zyban) and Varenicline (Chantix) (Le Foll and George 2007; Nides 

2008). The pharmacological and clinical properties of these therapies are summarized in Table 

1.1. 

1.3.1 NRT 

NRT is the recommended first-line treatment for nicotine dependence. The goal of NRT is to 

reduce the desire to smoke by partially replacing the nicotine obtained from cigarettes in order to 

alleviate nicotine withdrawal symptoms and cravings, and to reduce the reinforcing and cognitive 

effects of nicotine (Nides 2008; Stead et al. 2008). There are six NRT formulations (transdermal 

patch, nasal spray, gum, lozenge, inhaler and sublingual tablet) that differ in route of 

administration, dose, duration and minor side effects (summarized in Table 1.1). The suggested 

duration of treatment is 8-12 weeks, however it can be used for longer to prevent relapse. While 
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Table 1.1: First-line pharmacotherapies for smoking cessation. 

Therapy Mechanism Comments Dose Duration Efficacy Contra-
indications Adverse effects 

Nicotine 
replacement 

therapy (NRT) 

partially 
replaces 
nicotine from 
cigarettes: 
alleviates 
withdrawal and 
cravings, with 
reduced 
reinforcing and 
cognitive effects 

Patch: does not replace 
behavioural activities of 
smoking or provide 
much positive 
reinforcement 
Gum, Lozenge: self-
titration  
Inhaler: self-titration; 
somewhat mimicks 
behavioural aspects of 
smoking  
Spray: self-titration; 
most rapid-delivery 
formulation; provides 
most positive 
reinforcement and 
fastest relief of 
withdrawal  

Patch: 
5/10/15 mg 
nicotine over 
16 hrs or 
7/14/21 mg 
nicotine over 
24 hrs  
Gum: 2/4 mg 
Inhaler: 4 
mg/puff  
Spray: 1 or 2 
0.5 mg/ 
nostril  
Lozenge: 2/4 
mg 

8-12 wks, or 
longer to 
prevent 
relapse 

2x odds of 
quitting vs 
placebo  

pregnancy; use 
with caution in 
acute 
cardiovascular 
conditions (e.g. 
recent AMI) 

FORMULATION 
SPECIFIC  
Patch: mild skin 
irritation at patch site 
Gum: jaw pain, 
mouth soreness, 
dyspepsia, 
hiccoughs 
Inhaler: mouth and 
throat irritation, 
cough  
Spray: runny nose, 
throat and nasal 
irritation, cough 
Lozenge: mouth and 
throat irritation, 
hiccoughs 

Bupropion 

inhibits reuptake 
of dopamine 
and 
norepinephrine; 
weak 
antagonism of 
nAchR 

decreases craving and 
withdrawal; 
monotherapy or in 
combination with NRT; 
equally effective in those 
with/without history of 
depression 

150 mg SR 
q.d PO for 
first 3 days, 
then 150 mg 
SR b.i.d PO. 

8 wks, or 
longer to 
prevent 
relapse 

2x odds of 
quitting vs 
placebo  

seizure disorders, 
bulimia or 
anorexia, alcohol 
or sedative 
withdrawal, 
MAOIs, pregnancy 

insomnia, dry mouth, 
headache, tremores, 
nausea, anxiety, 
seizure 

Varenicline partial agonist 
for �4�2-nAchR 

decreases craving and 
withdrawal, prevents 
reinforcing effects of 
nicotine during lapse to 
cigarette smoking 

1 mg b.i.d 
PO 

12 wks, or up 
to 24 wks to 
prevent 
relapse 

4x odds of 
quitting vs 
placebo, 2x 
vs 
bupropion 

pregnancy 

nausea, insomnia, 
headache, 
neuropsychiatric 
symptoms 

nAchR = nicotinic acetylcholine receptors; SR = sustained-release; b.i.d = twice daily; PO = oral; wks = weeks; MAOI = mono-amine oxidase 
inhibitor 
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a cigarette delivers 1-3 mg of nicotine, none of the NRT formulations deliver nicotine at such 

high doses in a short period of time (Stead et al. 2008). Due to this, NRT has low liability for 

abuse and dependence potential (West et al. 2000). The differences in dose and delivery between 

cigarettes and NRT may also be a reason for lapse or relapse to smoking. 

Transdermal patch provides a continuous release of 5, 10 or 15 mg of nicotine over 16 hours 

or 7, 14 or 21 mg of nicotine over 24 hours, depending on the dose and brand, and does not 

replace the behavioural activities of smoking or provide much positive reinforcement (Benowitz 

2008; Stead et al. 2008). The other formulations offer a shorter delivery of nicotine and allow 

self-titration. Nasal spray is the most rapid-delivery formulation of NRT (1 or 2 0.5 mg doses in 

each nostril), which provides the most positive reinforcement and fastest relief of withdrawal 

symptoms (Benowitz 2008; Nides 2008). The inhaler mimicks the behavioural aspects of 

smoking (cigarette-like device) and delivers 4 mg per puff (Nides 2008). Lozenge and chewing 

gum come in 2 mg or 4 mg strengths (Stead et al. 2008). A meta-analysis suggests that all forms 

of NRT increase abstinence from smoking by approximately two-fold versus placebo and that 

there is no difference in efficacy between the formulations (Stead et al. 2008). The differences in 

effectiveness of NRT between men and women is unclear – one meta-analysis of nicotine patch 

by sex found no differences in efficacy (Munafo et al. 2004), while a second meta-analysis of 

any type of NRT reported a greater decline in long-term efficacy in women versus men, where 

12-month cessation remained significant for men but not for women (Cepeda-Benito et al. 2004). 

NRT is not associated with serious adverse events, and mild side effects are generally 

formulation-specific – reviewed in Le Foll et al. (2007) and Nides (2008). For instance, nicotine 

patch may cause mild skin irritation at the patch site; gum may cause jaw pain, mouth irritation 

dyspepsia and hiccoughs; inhaler and lozenge may cause mouth and throat irritation; and spray 
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may cause runny nose and throat and nasal irritation. NRT is not recommended during pregnancy 

or acute cardiovascular conditions (McNeil Consumer Healthcare 2008), however NRT is 

believed to be less harmful to the fetus than tobacco (Dempsey and Benowitz 2001) and studies 

have suggested safety of NRT in cardiovascular disease (Joseph et al. 1996; McRobbie and 

Hajek 2001; Hubbard et al. 2005). 

1.3.2 Bupropion 

Bupropion is an atypical anti-depressant that also demonstrates efficacy in smoking cessation 

and decreases nicotine withdrawal symptoms and craving (Jorenby 2002; Hughes et al. 2007). 

It’s effect on smoking cessation appears to be mediated by inhibiting the neuronal reuptake of 

dopamine and norepinephrine (Cryan et al. 2003), and may involve its weak antagonism of 

nicotinic receptors (Fryer and Lukas 1999).  

Bupropion is prescribed as an 150 mg sustained-release tablet twice daily (first 3 days is 150 

mg once daily) for 8 weeks or possibly longer to prevent relapse (Biovail Pharmaceuticals 

Canada 2005). Meta-analysis suggested that it doubles the chances of quitting compared to 

placebo, and produces quit rates similar to NRT (Hughes et al. 2007). It can be used as a 

monotherapy or in combination with NRT. Studies have reported inconsistent results regarding 

differences in efficacy of bupropion between men and women – some studies have reported no 

treatment-gender interactions (meta-analysis of short-term outcomes by Gonzales et al. 2002; 

Scharf and Shiffman 2004), while others suggest women benefit more versus men {Tashkin, 

2001 #334}(long-term data analysis by Tashkin et al. 2001; Smith et al. 2003) or that men 

benefit more than females (Gonzales et al. 2001). Bupropion is equally effective in smokers with 

or without a history of depression (Hayford et al. 1999; Hurt et al. 2002; Cox et al. 2004).  
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The most common adverse event is insomnia (30-40% of patients) and dry mouth (10%) 

(Hughes et al. 2007), and the most serious side effect is seizure (0.1% frequency) (Dunner et al. 

1998; Boshier et al. 2003). Due to this risk, bupropion is contraindicated in patients with seizure 

disorders or at risk of seizure, including bulimia or anorexia, and alcohol or sedative withdrawal 

(Biovail Pharmaceuticals Canada 2005). Bupropion is also contraindicated in combination with 

monoamine oxidase inhibitors, and in pregnancy (Biovail Pharmaceuticals Canada 2005). 

1.3.3 Varenicline 

Varenicline is a partial agonist for neuronal �4�2-nAChRs. It binds with higher affinity but 

has lower efficacy compared to nicotine, resulting in a moderate and sustained release of 

dopamine that counteracts the reduced dopamine levels experienced during cessation, thereby 

relieving nicotine craving and withdrawal symptoms (Coe et al. 2005; Rollema et al. 2007). 

Furthermore, by competitively binding to the �4�2-nAChRs, it also protects against nicotine-

induced dopaminergic activation if there is a lapse to cigarette smoking (Coe et al. 2005; 

Rollema et al. 2007). Therefore, varenicline disrupts the reinforcing effects of nicotine (prevents 

reward) and counteracts withdrawal. 

Varenicline is prescribed as 1 mg twice daily for 12 weeks (1st week involves titration with 

0.5 mg once daily for the 1st 3 days and twice daily for the next 4 days) or up to 24 weeks to 

prevent relapse. 12-week varenicline treatment increases the odds of abstinence by almost 4-fold 

compared to placebo and almost 2-fold compared to bupropion (Gonzales et al. 2002; Jorenby 

2002). Long-term abstinence rates and long-term maintenance treatment showed significantly 

increased quit rates compared to placebo (Tonstad et al. 2006; Nakamura et al. 2007; Tsai et al. 

2007). The most common adverse events include nausea (30% of patients), insomnia and 

headache (Gonzales et al. 2006; Jorenby et al. 2006). Post-marketing reports have reported 
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several rare neuropsychiatric symptoms during varenicline therapy, such as depression and 

suicidal ideation and suicide, and therefore diligent monitoring for neuropsychiatric symptoms, 

especially in patients with comcomitant psychiatric conditions or with a history of psychiatric 

symptoms is recommended (Pfizer 2008). Varenicline is not recommended in pregnancy (Pfizer 

2008). 

1.4 Nicotine Metabolism 

1.4.1 Pharmacokinetics 

Nicotine from cigarette smoke is rapidly absorbed into plasma and reaches the brain within 

10-19 seconds after inhalation (Benowitz 1996). Plasma levels rapidly decay due to widespread 

distribution (distribution half-life of 15-20 min) and elimination (elimination half-life of 2-3 

hours) (Benowitz et al. 1982; Jarvis 2004). Nicotine is rapidly and extensively metabolized 

mainly in the liver and to a smaller extent in the lungs, kidneys, nasal mucosa and brain 

(Hukkanen et al. 2005).  

The major metabolic pathway of nicotine metabolism is summarized in Figure 1.1. In humans, 

approximately 70-80% of nicotine is metabolically inactivated to cotinine (COT) (via C-

oxidation), and roughly 90% of this conversion is mediated by the liver cytochromes P450 

(CYP) enzyme CYP2A6 (Benowitz and Jacob 1994; Nakajima et al. 1996b; Messina et al. 

1997). COT is subsequently oxidized to form 3’-hydroxycotinine (3HC), which is exclusively 

catalyzed by CYP2A6 (Nakajima et al. 1996a; Dempsey et al. 2004).  Other CYPs such as 

CYP2B6 and CYP2D6 can also C-oxidize nicotine, however they have significantly lower 

affinity for nicotine (10-fold and 12-fold higher Km for CYP2B6 and CYP2D6, respectively) 

and reduced activity towards COT formation (10% and 5% activity by CYP2B6 and CYP2D6, 

respectively) compared to CYP2A6 (Nakajima et al. 1996b; Messina et al. 1997; Yamazaki et al.  
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Figure 1.1: Major metabolic pathways of nicotine metabolism. Circled compounds are major metabolites of nicotine excreted 
in the urine. Percent urinary production associated with each metabolite is indicated (Adapted from Yamanaka et al. 2004; 
Hukkanen et al. 2005). 
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1999). Furthermore, hepatic levels of CYP2B6 are low (Ekins and Wrighton 1999; Yamazaki et 

al. 1999), but CYP2B6 may still play a compensatory role when CYP2A6 activity is 

substantially reduced (Schoedel et al. 2003; Yamanaka et al. 2004). 

Aside from the main pathway of nicotine metabolism to COT, nicotine is also N-oxidized to 

nicotine 1’-N-oxide via hepatic flavin-containing monooxygenase 3 (FMO3) and N-

demethylated to nornicotine (Benowitz and Jacob 1994; Benowitz et al. 1994; Lang et al. 1998). 

Apart from the formation of 3HC from COT, COT is also metabolized to several minor 

metabolites, including 5’-hydroxycotinine, cotinine 1’-N-oxide and norcotinine (via CYP2A6) 

(Benowitz et al. 1994; Murphy et al. 1999). Nicotine, COT and 3HC also undergo 

glucuronidation. Both nicotine and cotinine are N-glucuronidated by UDP-

glucuronosyltransferase (UGT) 1A4 and 1A9 to form nicotine-N-1-�-glucuronide and  cotinine-

N-1-�-glucuronide, while 3HC is believed to be O-glucuronidated by UGT2B7 to form trans-3’-

hydroxycotinine-O-�-D-glucuronide (Kuehl and Murphy 2003; Yamanaka et al. 2004; 

Yamanaka et al. 2005). 

1.4.2 Nicotine Metabolite Ratio 

The conversion of nicotine to COT to 3HC is the major metabolic pathway of nicotine 

metabolism in humans. COT has a much longer half-life compared to nicotine (14-20 hours 

versus 2 hours), and therefore plasma COT concentrations remain fairly stable throughout the 

day and night during smoking and can be used as a marker of nicotine intake (Benowitz et al. 

1983; Benowitz and Jacob 1994; Zevin et al. 1997; Dempsey et al. 2004). Furthermore, the half-

life of 3HC administered alone is 5-6 hours, but since this elimination half-life is generation-

limited (due to longer COT half-life), a ratio of 3HC to COT should remain constant over time 

(Benowitz and Jacob 2001; Dempsey et al. 2004). Since the conversion of COT to 3HC is 
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entirely due to CYP2A6 activity, the ratio of 3HC/COT is used as a marker of CYP2A6 activity 

(Neurath 1994; Dempsey et al. 2004). Kinetic studies in humans indicate that 3HC/COT is 

highly correlated with cotinine clearance and cotinine half-life, which further suggests that 

CYP2A6 is the primary metabolizing enzyme of cotinine (Dempsey et al. 2004). Furthermore, 

3HC/COT derived from oral nicotine administration and smoking are highly correlated with one 

another and with oral nicotine clearance, and therefore 3HC/COT can also be used as a marker of 

nicotine metabolism by CYP2A6 (Dempsey et al. 2004). A low 3HC/COT reflects slow 

CYP2A6 activity and nicotine metabolism, whereas a high 3HC/COT reflects fast CYP2A6 

activity and nicotine metabolism. 

1.4.3 Interindividual Variability 

There is large interindividual and interethnic variation in nicotine metabolism  (Benowitz and 

Jacob 1994; Cholerton et al. 1994; Benowitz et al. 1995; Benowitz et al. 1997; Kwon et al. 2001; 

Nakajima and Yokoi 2005). The source of variability in nicotine metabolism may be due to 

differences in individual pharmacokinetics, such as urinary pH and liver blood flow (Cholerton 

et al. 1994; Benowitz et al. 1997; Hukkanen et al. 2005). There is sex-related variation in 

nicotine metabolism. Estrogen has been found to induce CYP2A6 transcription in vitro (Higashi 

et al. 2007) and female subjects have faster rates of in vivo nicotine metabolism compared to 

males (Benowitz et al. 2006a). Variation in CYP2A6 activity can also be due to environmental 

influences such as diet and medications. For instance, CYP2A6 activity is increased by oral 

contraceptives (Benowitz et al. 2006), rifampin (Rae et al. 2001), dexamethasone (Onica et al. 

2008) and phenobarbital (Itoh et al. 2006). In contrast, CYP2A6 activity can be inhibited by 

methoxsalen and tryptamine (Kharasch et al. 2000), and nicotine (Denton et al. 2004).  
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A significant source of variability in nicotine metabolism has also been attributed to 

interindividual differences in CYP2A6 levels and activity (Nakajima et al. 1996b; Shimada et al. 

1996; Messina et al. 1997). For instance, a 30-fold variation in COT formation via CYP2A6 was 

observed in human liver microsomes (Messina et al. 1997), as well as large variation in in vitro 

conversion of COT to 3HC (Nakajima et al. 1996). As mentioned, there is considerable 

interethnic variation in nicotine metabolism and CYP2A6 activity. For instance, the level and 

activity of CYP2A6 is lower in Japanese populations compared to Caucasians (Shimada et al. 

1996). Black populations appear to have reduced COT clearance compared to Caucasians (Perez-

Stable et al. 1998), while Chinese-Americans have significantly reduced nicotine and COT 

clearance when compared to Caucasian- and Latino-Americans (Benowitz et al. 2002).  

The interindividual and interethnic variation in CYP2A6 activity is partially attributed to 

CYP2A6 genetic polymorphisms and will be discussed below (Nakajima et al. 2000; Nakajima et 

al. 2001; Mwenifumbo and Tyndale 2007). 

1.5 CYP2A6 Genetic Variation  

1.5.1 CYP2 Gene Cluster 

The cytochrome P450 superfamily of mixed-function oxygenases is composed of 18 families, 

of which the CYP2 family is the largest and most complex (consisting of multiple subfamilies), 

and one of the most important in the metabolism of xenobiotics (Hoffman et al. 2001). The 

CYP2 family genes have been found to cluster on human chromosome 19, where loci from the 

CYP2A, CYP2B and CYP2F subfamilies have been mapped in a 350kb region on 

19q12�19q13.2 (Miles et al. 1990; Fernandez-Salguero et al. 1995; Hoffman et al. 1995). 

Within the CYP2A subfamily, three CYP2A genes have been identified and their loci mapped to 

human chromosome 19: CYP2A6, CYP2A7 and CYP2A13 (Hoffman et al. 2001). A fourth locus 
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also exists and is a split CYP2A7 pseudogene, named CYP2A18 (5’ half CYP2A18PN and 3’ half 

CYP2A18PC) (Hoffman et al. 2001). CYP2A6 shares 97% and 85% exonic sequence identity to 

CYP2A7 and CYP2A13, respectively (Hoffman et al. 2001). 

CYP2A6 is a major metabolizing enzyme for nicotine, cotinine and coumarin, and also 

metabolizes other xenobiotics such as tegafur, methoxyflurane, (+)-cis-3,5-dimethyl-2-(3-

pyridyl) thiazolidin-4-one hydrochloride, and tobacco-specific nitrosamines such as 4-

(methylnitrosamino)-1-(3-pyridyl)-1-butanone (Yamazaki et al. 1992; Kharasch et al. 1995; 

Nunoya et al. 1996; Nunoya et al. 1998; Nunoya et al. 1999b; Ikeda et al. 2000; Komatsu et al. 

2000; Pelkonen et al. 2000; Daigo et al. 2002). Although the CYP2A7 gene produces full-length 

transcripts in the liver, the enzyme is inactive because it cannot incorporate heme (Yamano et al. 

1990; Ding et al. 1995). CYP2A13 mRNA is expressed in respiratory tissues and the protein is 

highly active towards tobacco-related nitrosamines, but has low coumarin activity (10% of 

CYP2A6) (Su et al. 2000). However, a study in human liver microsomes revealed large 

variability in CYP2A6 and CYP2A13 protein levels, but that CYP2A6 levels were significantly 

higher than CYP2A13 (Zhang et al. 2007). Nonetheless, due to the low expression of CYP2A13 

in the liver, CYP2A13 is not expected to influence systemic nicotine and COT levels (Koskela et 

al. 1999; Su et al. 2000).  

1.5.2 CYP2A6 Genetic Polymorphisms 

The expression and activity of CYP2A6 is highly variable, which can partially be explained 

by the polymorphic nature of CYP2A6. Numerous allelic variants and single nucleotide 

polymorphisms (SNPs) of CYP2A6 have been discovered and are summarized in 

http://www.cypalleles.ki.se/cyp2a6.htm. Furthermore, the frequency of CYP2A6 polymorphisms 

are known to vary by ethnicity (Schoedel et al. 2004; Malaiyandi et al. 2005). The impact of 
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CYP2A6 genetic polymorphisms on CYP2A6 activity, nicotine metabolism and smoking-related 

behaviours will be outlined below. 

1.6 Impact of CYP2A6 Genotype on Activity and Nicotine Metabolism  

Only the most prevalent decrease- and loss-of-function alleles among various ethnic groups 

will be described below. Therefore, CYP2A6 genetic variants that have relatively low frequency 

(CYP2A6*3, *5, *6, *11, *13, *15), minimal/unclear impact on CYP2A6 function (CYP2A6*14), 

both low impact and low frequency (CYP2A6*16, *18, *19, *21), or are uncharacterized or have 

limited information on CYP2A6 impact (CYP2A6*22, *29, *30, *31, *32, *33, *34, *36, *37) 

will not be discussed (Yoshida et al. 2002; Schoedel et al. 2004; Fukami et al. 2005b; Al Koudsi 

et al. 2006; Nakajima et al. 2006; Mwenifumbo et al. 2008). The properties and ethnic 

frequencies of the described CYP2A6 genetic variants are summarized in Table 1.2 and Table 

1.3. The nomenclature used for all SNPs indicates the genomic position and nature of the 

nucleotide change(s) (e.g. 1799T>A), followed by the resulting amino acid substitution (e.g. 

L160H), if any. 

1.6.1 Most Prevalent Decrease- and Loss-of-function Alleles  

The CYP2A6*2 allele is due to 1799T>A (L160H), which results in a catalytically inactive 

CYP2A6 enzyme due to inability to incorporate heme (Yamano et al. 1990; Hadidi et al. 1997; 

Oscarson et al. 1998). The allele frequency of CYP2A6*2 is low in Caucasians (2.0-2.2%) and 

Blacks (0.4-0.9%), and essentially absent in Asians (Rao et al. 2000; Kwon et al. 2001; Schoedel 

et al. 2004; Malaiyandi et al. 2006; Mwenifumbo et al. 2008; Ho et al. 2009). 

There are five (A/C, B, D, E, F) CYP2A6*4 allele variants, which are all CYP2A6 gene 

deletions due to an unequal crossover event with CYP2A7 (Nunoya et al. 1999b; Oscarson et al.  
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Table 1.2: Prevalent loss- or decrease-of-function CYP2A6 genetic variants.� 

 

CYP2A6 genetic polymorphisms 

CYP2A6 
allele 

Nucleotide 
changes 

Protein 
changes 

Functional 
consequence Reference 

*1A - - normal activity  - 

*1x2 
gene duplication 

(reciprocal of 
CYP2A6*4) 

 
� nicotine 

metabolism in 
vivo 

(Rao et al. 2000; 
Benowitz et al. 2002a; 
Fukami et al. 2007)  

*2 1799T>A  
(exon 3) 

L160H = 
cannot 

incorporate 
heme 

inactive 
(Yamano et al. 1990; 
Hadidi et al. 1997; 
Oscarson et al. 1998)  

*4 

gene deletion 
(unequal 

crossover with 
CYP2A7) 

no product inactive 

(Nunoya et al. 1999; 
Oscarson et al. 1999; 
Ariyoshi et al. 2000; 
Ariyoshi et al. 2002b; 
Ariyoshi et al. 2004; 
Mwenifumbo et al. 
2008)  

*7 6558T>C  
(exon 9) I471T 

� coumarin 
and nicotine 

activity in 
vitro; � 
nicotine 

metabolism in 
vivo  

(Ariyoshi et al. 2001; 
Xu et al. 2002; 
Yoshida et al. 2002)  

*8 6600G>T  
(exon 9) R485L 

No effect on 
nicotine 

metabolism in 
vivo 

(Ariyoshi et al. 2001; 
Xu et al. 2002)  

*9 48T>G in TATA 
box 

� protein 
product (due to 
� mRNA 

expression) 

� nicotine 
metabolism in 

vivo; � 
coumarin 

activity in vitro 

(Pitarque et al. 2001; 
Kiyotani et al. 2003; 
Yoshida et al. 2003; 
Haberl et al. 2005; 
Benowitz et al. 2006b)  

*10 
6558T>C  
6600G>T  
(exon 9) 

I471T 
R485L 

� nicotine 
metabolism in 

vivo 

(Xu et al. 2002; 
Yoshida et al. 2002)  

*12 

CYP2A6/CYP2A
7 hybrid: exons 
1-2 CYP2A7, 

exons 3-9 
CYP2A6 

10 amino acid 
substitution = � 

protein 

� coumarin 
activity in 

vitro; � 
coumarin and 

nicotine 
metabolism in 

vivo 

(Oscarson et al. 2002; 
Benowitz et al. 2006b)  
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*17 5065G>A  
(exon 7) V365M 

� nicotine 
metabolism in 

vivo; � 
nicotine and 

coumarin 
activity in vitro 

(Fukami et al. 2004; 
Ho et al. 2008; 
Mwenifumbo et al. 
2008)  

*20 2141_2142delAA 
(exon 4) 

frame-shift from 
codon 196, 
early stop 

codon at 220 = 
truncated 

protein 

� nicotine 
metabolism in 

vivo; � 
nicotine and 

coumarin 
activity in vitro 

(Fukami et al. 2005; 
Mwenifumbo et al. 
2008)  

*23 2161C>T  
(exon 4) R203C 

� nicotine 
metabolism in 

vivo; � 
nicotine and 

coumarin 
activity in vitro 

(Ho et al. 2008; 
Mwenifumbo et al. 
2008)  

*24 

594G>C  
(exon 2), 
6458A>T  
(exon 9) 

V110L 
N438Y 

� nicotine 
metabolism in 

vivo 

(Mwenifumbo et al. 
2008) 

*25 1672T>C  
(exon 3) F118L 

� nicotine 
metabolism in 

vivo 

(Mwenifumbo et al. 
2008) 

*26 

1672T>C,  
1703G>T,  
1711T>G,  
(exon 3) 

F118L 
R128L 
S131A 

� nicotine 
metabolism in 

vivo 

(Mwenifumbo et al. 
2008) 

*27 

1672T>C  
(exon 3), 

2162_2163GC>
A (exon 4) 

F118L 
R203FS 

(frameshift) 

� nicotine 
metabolism in 

vivo 

(Mwenifumbo et al. 
2008) 

*28 
5745A>G, 
5750G>C  
(exon 8) 

N418D 
E419D 

� nicotine 
metabolism in 

vivo 

(Mwenifumbo et al. 
2008) 

*35 6458A>T  
(exon 9) N438Y 

� nicotine 
metabolism in 

vitro and in 
vivo 

(Al Koudsi et al. 2009) 

 

� CYP2A6 variants that are not described in this table, include variants with: relatively 
low frequency (CYP2A6*3, *5, *6, *11, *13, *15); unclear impact on CYP2A6 function 
(CYP2A6*14); both low impact and low frequency (CYP2A6*16, *18, *19, *21); limited 
information regarding functional impact (CYP2A6*22, *29, *30, *31, *32, *33, *34, *36, 
*37). 
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Table 1.3: Allele frequencies of prevalent and impactful CYP2A6 genetic variants 
in Caucasians, Blacks and Asians. � 

 

CYP2A6 Allele Frequencies 
CYP2A6 

allele Caucasians Blacks Asians Reference 

*1A - - -  

*1x2 1.7% - Korean: 0.5% (Rao et al. 2000; 
Yoshida et al. 2002)  

*2 2.0-2.2% 0.4-0.9% 
Japanese: 0%; 
Chinese: 0%; 
Korean: 0% 

(Rao et al. 2000; Kwon 
et al. 2001; Schoedel et 
al. 2004; Malaiyandi et 
al. 2006; Mwenifumbo et 
al. 2008; Ho et al. 2009)  

*4 0.13-1.2% 1.9-2.7% 
Japanese: 20.1-24.2%; 

Chinese: 6.7%; 
Korean: 11.0% 

(Rao et al. 2000; Kwon 
et al. 2001; Schoedel et 
al. 2004; Malaiyandi et 
al. 2006; Mwenifumbo et 
al. 2008; Ho et al. 2009) 

*7 0% 0% 
Japanese: 12.5%; 
Chinese: 5.7-9.8%; 

Koreans: 9.4% 

(Mwenifumbo et al. 
2005)  

*8 0% 0% 
Japanese: 0%; 
Chinese: 0%; 
Koreans: 0% 

(Mwenifumbo et al. 
2005) 

*9 5.2-8.0% 7.2-9.6% 
Japanese: 20.3-21.3%; 
Chinese: 15.6-15.7%; 

Korean: 22.3% 

(Pitarque et al. 2001; 
Yoshida et al. 2003; 
Schoedel et al. 2004; 
Malaiyandi et al. 2006; 
Mwenifumbo et al. 2008; 
Ho et al. 2009)  

*10 0% 0% 
Japanese: 3.2%; 

Chinese: 4.0-4.3%; 
Koreans: 4.1% 

(Mwenifumbo et al. 
2005) 

*12 2.0-2.2% 0-0.4% Japanese: 0.8%; 
Chinese: 0% 

(Oscarson et al. 2002; 
Schoedel et al. 2004; 
Malaiyandi et al. 2006; 
Mwenifumbo et al. 2008; 
Ho et al. 2009) 

*17 0% 7.3-9.4% 0% 
(Fukami et al. 2004; 
Mwenifumbo et al. 2008; 
Ho et al. 2009)  



 19 

*20 0% 1.1-1.6% 0% 
(Fukami et al. 2005a; 
Mwenifumbo et al. 2008; 
Ho et al. 2009) 

*23 0% 1.1-2.0% 0% 
(Ho et al. 2008; 
Mwenifumbo et al. 2008; 
Ho et al. 2009)  

*24 - 0.7-1.3% - (Mwenifumbo et al. 
2008; Ho et al. 2009) 

*25 - 0.5-0.9% - (Mwenifumbo et al. 
2008; Ho et al. 2009) 

*26 - 0.7% - (Mwenifumbo et al. 
2008; Ho et al. 2009) 

*27 - 0.2-0.7% - (Mwenifumbo et al. 
2008; Ho et al. 2009) 

*28 - 0.9-2.4% - (Mwenifumbo et al. 
2008; Ho et al. 2009) 

*35 0% 2.5-2.9% 0.5-0.8% (Al Koudsi et al. 2009; 
Ho et al. 2009)  

 
� CYP2A6 variants that are not described in this table, include variants with: relatively 
low frequency (CYP2A6*3, *5, *6, *11, *13, *15); unclear impact on CYP2A6 function 
(CYP2A6*14); both low impact and low frequency (CYP2A6*16, *18, *19, *21); or limited 
information regarding functional impact (CYP2A6*22, *29, *30, *31, *32, *33, *34, *36, 
*37). 
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1999b). CYP2A7 sequence is found in the 5’ -flanking region, with the CYP2A6 sequence in the 

3’ -end. A schematic diagram demonstrating the formation of CYP2A6*4 allele variants is shown  

in Figure 2.1. The CYP2A6*4 allele results in absent enzyme activity (Nakajima et al. 2000; 

Nakajima et al. 2001).The CYP2A6*4A/C variant is composed of CYP2A7 exons 1-9 and the 3’ - 

untranslated region of CYP2A6, due to crossover in the 3’ -flanking region of CYP2A6 (Nunoya 

et al. 1999b; Nunoya et al. 1999a; Oscarson et al. 1999b; Ariyoshi et al. 2000). The CYP2A6*4B 

variant lacks all exons of the CYP2A6 gene and contains all exons and the 3’ -flanking region of 

CYP2A7, due to crossover downstream of both CYP2A6 and CYP2A7 (Nunoya et al. 1998; 

Ariyoshi et al. 2002; Ariyoshi et al. 2004). The CYP2A6*4D variant is composed of CYP2A7 

exons 1-8 and CYP2A6 exon 9 to 3’ flanking region, due to crossover in intron 8 or exon 9 

(Oscarson et al. 1999a). The most recent CYP2A6*4E and CYP2A6*4F variants have been 

identified due to extensive sequence variation in both non-coding and coding sequence, and 

similar to CYP2A6*4A/C, they are formed due to crossover in the 3’ flanking region of CYP2A6 

(Mwenifumbo et al. 2008). The frequency of the CYP2A6*4 allele is very low in Caucasians 

(0.13-1.2%) and Blacks (1.9-2.7%), but highly prevalent in Asian populations (6.7%-24.2%) 

(Rao et al. 2000; Kwon et al. 2001; Schoedel et al. 2004; Malaiyandi et al. 2006; Mwenifumbo 

et al. 2008; Ho et al. 2009). 

The reciprocal product of the CYP2A6*4 deletion is the duplication variant CYP2A6*1x2, 

which results in increased nicotine metabolism in vivo (Rao et al. 2000; Benowitz et al. 2002b; 

Fukami et al. 2007). The formation of the CYP2A6*1x2 duplication variant is shown in Figure 

2.1. CYP2A6*1x2 has an allele frequency of 1.7% in Caucasians and 0.5% in Koreans (Rao et al. 

2000; Yoshida et al. 2002).  
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The CYP2A6*9 variant has a -48T>G in the TATA box of the 5’ -flanking region of CYP2A6 

(Pitarque et al. 2001). This results in reduced transcriptional activity, decreased expression of 

CYP2A6 mRNA in human liver and decreased production of CYP2A6 protein (Kiyotani et al. 

2003). Consequently, in vitro coumarin activity (Kiyotani et al. 2003; Yoshida et al. 2003; 

Haberl et al. 2005) and in vivo nicotine metabolism are reduced (Yoshida et al. 2003; Benowitz 

et al. 2006b). The CYP2A6*9 allele is highly prevalent in Caucasians (5.2-8.0%), Blacks (7.2-

9.6%), and Asians (15.6-22.3%) (Pitarque et al. 2001; Yoshida et al. 2003; Schoedel et al. 2004; 

Malaiyandi et al. 2006; Mwenifumbo et al. 2008; Ho et al. 2009). 

The CYP2A6*12 allele is a CYP2A7/CYP2A6 hybrid allele, composed of CYP2A7 exons 1-2 

and CYP2A6 exons 3-9, due to unequal crossover between CYP2A6 and CYP2A7 in intron 2 

(Oscarson et al. 2002). The resulting protein has 10 amino acid substitutions. The CYP2A6*12 

allele reduces CYP2A6 protein levels, and results in reduced coumarin activity in vitro and in 

vivo (Oscarson et al. 2002) and reduced nicotine metabolism in vivo (Benowitz et al. 2006b). 

The allelic frequency of CYP2A6*12 is 2.0-2.2% in Caucasians, 0-0.4% in Blacks and 0-0.8% in 

Asians (Oscarson et al. 2002; Schoedel et al. 2004; Malaiyandi et al. 2006; Mwenifumbo et al. 

2008; Ho et al. 2009). The identification of several additional SNPs in CYP2A6*12 led to the 

characterization of CYP2A6*12B (1620T>C in intron 2) and CYP2A6*12C (1620T>C and 

1630T>C in intron 2) variants, however the contribution of these additional SNPs to CYP2A6 

levels or activity are unknown (Haberl et al. 2005). 

1.6.2 Decreased/Loss-of-function Alleles in Black Populations  

The CYP2A6*17 allele has a 5065G>A (V365M) which results in significantly decreased 

coumarin and nicotine activity in vitro and decreased nicotine metabolism in vivo (Fukami et al. 

2004; Ho et al. 2008). CYP2A6*17 occurs at a frequency of 7.3-9.4% in Black populations, but 
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is absent in Caucasians, Japanese and Koreans (Fukami et al. 2004; Mwenifumbo et al. 2008; Ho 

et al. 2009). 

The CYP2A6*20 allele has a deletion of two nucleotides 2141_2142delAA, which results in a 

frame-shift from codon 196 and an early stop codon at 220, producing a truncated CYP2A6 

protein (Fukami et al. 2005a). CYP2A6*20 reduces coumarin and nicotine activity in vitro 

(Fukami et al. 2005a) and nicotine metabolism in vivo (Fukami et al. 2005a; Mwenifumbo et al. 

2008). The allelic frequency of CYP2A6*20 is 1.1-1.6 % in Black populations, but is absent in 

Caucasians and Asians (Fukami et al. 2004; Mwenifumbo et al. 2008; Ho et al. 2009). 

The CYP2A6*23 variant contains a 2161C>T (R203C), resulting in reduced coumarin and 

nicotine activity in vitro (Ho et al. 2008) and nicotine metabolism in vivo (Ho et al. 2008; 

Mwenifumbo et al. 2008). This allele has a frequency of 1.1-2.0% in Black populations, but is 

not detected in Caucasians or Asians (Ho et al. 2008; Mwenifumbo et al. 2008; Ho et al. 2009). 

The CYP2A6*24 variant contains 594G>C (V110L) and 6458A>T (N438Y), resulting in a 

protein that exhibits reduced nicotine metabolism in vivo (Mwenifumbo et al. 2008). The allelic 

frequency is 0.7-1.3% in Black populations (Mwenifumbo et al. 2008; Ho et al. 2009). 

The CYP2A6*25, *26 and *27 variants all share the non-synonomous SNP 1672T>C 

(F118L) (Mwenifumbo et al. 2008). CYP2A6*25 contains only 1672T>C, while CYP2A6*26 

contains 1672T>C as well as 1703G>T (R128L) and 1711T>G (S131A), and CYP2A6*27 

contains 1672T>C and 2162_2163GC>A (R203FS, frame-shift). The CYP2A6*25, *26 and *27 

variants all decrease nicotine metabolism in vivo, and have an allelic frequency of 0.5-0.9%, 

0.7%, and 0.2-0.7% in Black populations, respectively (Mwenifumbo et al. 2008; Ho et al. 

2009).  
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CYP2A6*28A contains two SNPs, 5745A>G (N418D) and 5750G>C (E419D), while 

CYP2A6*28B is identical to CYP2A6*28A with the additional insert 6960_6961insGAAAAG in 

the 3’ -flanking region (Mwenifumbo et al. 2008). Individuals with either CYP2A6*28 allele have 

compromised nicotine metabolism, and the allele occurs at a frequency of 0.9-2.4% in Black 

populations (Mwenifumbo et al. 2008; Ho et al. 2009). 

CYP2A6*35 contains the SNP 6458A>T (N438Y) which results in decreased nicotine 

metabolism in vitro and in vivo (Al Koudsi et al. 2009). CYP2A6*35 occurs at an allelic 

frequency of 2.5-2.9% in Black populations, 0.5-0.8% in Asians, and is not found in Caucasians 

(Al Koudsi et al. 2009; Ho et al. 2009). 

1.6.3 Decreased/Loss-of-function Alleles in Asian Populations  

In addition to CYP2A6*4 and CYP2A6*9, there are several other variants common among 

Asian ethnicities. CYP2A6*7 contains 6558T>C (I471T), which abolishes nicotine and coumarin 

metabolism in vitro (Ariyoshi et al. 2001; Xu et al. 2002). In vivo studies indicate that the 

CYP2A6*7 allele reduces nicotine metabolism (Xu et al. 2002; Yoshida et al. 2002). CYP2A6*7 

has an allelic frequency of 12.5% in Japanese, 5.7-9.8% in Chinese, 9.4% in Koreans, but is 

absent in Blacks and Caucasians (Mwenifumbo et al. 2005). CYP2A6*8 contains 6600G>T 

(R485L), but does not alter nicotine metabolism in vivo (Ariyoshi et al. 2001; Xu et al. 2002). 

The CYP2A6*8 allele is essentially absent in Japanese, Chinese, Korean, Black and Caucasian 

populations (Mwenifumbo et al. 2005).  However, CYP2A6*8 variation has an impact when it is 

in a haplotype with CYP2A6*7 (on the same allele), termed CYP2A6*10. Individuals with 

CYP2A6*10 have reduced nicotine metabolism (Xu et al. 2002; Yoshida et al. 2002). 

CYP2A6*10 has an allele frequency of 3.2% in Japanese, 4.0-4.3% in Chinese, 4.1% in Koreans, 

but is absent in Blacks or Caucasians (Mwenifumbo et al. 2005). 
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1.6.4 Genotype Grouping Strategy 

On the basis of each CYP2A6 allele’ s established impact on nicotine metabolism in vivo 

(loss-of-function or decrease-of-function), individuals are placed in one of three CYP2A6 

genotype groups (normal, intermediate, or slow metabolizer) according to their CYP2A6 genetic 

variation (Table 1.4)  (Schoedel et al. 2004; Malaiyandi et al. 2005; Benowitz et al. 2006b; Ho et 

al. 2009). These genotype groups differ in CYP2A6 activity measured by 3HC/COT, where 

3HC/COT is significantly higher in normal metabolizers compared to slow metabolizers 

(Benowitz et al. 2006b; Malaiyandi et al. 2006). 

The slow metabolizer (SM) group refers to individuals hypothesized to have 50% or less of 

normal CYP2A6 activity, due to possession of at least one loss-of-function allele (CYP2A6*2,*4, 

*7, *10, *17, *20, *23, *24, *25, *26, *27 or *35), or possession of two decrease-of-function 

alleles (CYP2A6*9 or *12), or any combination of a loss-of-function allele with a decrease-of-

function allele (Malaiyandi et al. 2005; Benowitz et al. 2006b; Ho et al. 2009). The intermediate 

metabolizer (IM) group refers to individuals hypothesized to have 50-75% CYP2A6 activity, due 

to possession of one decrease-of-function allele. The normal metabolizer (NM) group refers to 

individuals hypothesized to have normal CYP2A6 activity, due to the absence of any detected 

loss-of-function or decrease-of-function alleles. Although CYP2A6*28 has been assumed to 

decrease CYP2A6 activity in vivo, individuals with this allele have previously been excluded 

from CYP2A6 genotype grouping because of the large variation in 3HC/COT values reducing the 

ability to group it with confidence (Ho et al. 2009). 

1.7 Impact of CYP2A6 Genotype on Smoking 

Since the pattern of smoking and cravings for cigarettes are related to nicotine levels in the  
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Table 1.4: CYP2A6 genotype groupings. 
 

Metabolizer 
group 

CYP2A6  
activity CYP2A6 genotype 

�1 loss-of-function allele: 
CYP2A6*2,*4,*7,*10,*17,*20,*23,*24,*25,*26,*27, or *35                 

or 
2 decrease-of-function alleles: CYP2A6*9 or *12 

or 

Slow 
Metabolizer 

(SM) 
�50% 

Combination of loss-of-function and decrease-of-function 
allele 

Intermediate 
Metabolizer 

(IM) 
~75% 1 decrease-of-function allele: CYP2A6*9 or *12 

Normal 
Metabolizer 

(NM) 
100% No loss-of-function or decrease-of-function alleles 
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brain (McMorrow and Foxx 1983; Benowitz and Jacob 1985; Zacny and Stitzer 1988; Djordjevic 

et al. 1995; Scherer 1999; Jarvik et al. 2000; Kassel et al. 2007), and since CYP2A6 is the main 

enzyme that removes nicotine from the blood, genetic variation in the rate and extent of nicotine 

inactivation by CYP2A6 may alter risk for dependence, smoking behaviours, and likelihood of 

quitting. 

1.7.1 Smoking Behaviours 

Studies suggest that SMs smoke less intensely compared to NMs. For instance, SMs smoke 

fewer cigarettes per day (CPD) and take smaller puffs (i.e. puff volume) compared to NMs (Rao 

et al. 2000; Ariyoshi et al. 2002a; Schoedel et al. 2004; Malaiyandi et al. 2006; Strasser et al. 

2007). However, not all studies have found CYP2A6 associations with CPD (Loriot et al. 2001; 

Ho et al. 2009). 

1.7.2 Smoking Status 

CYP2A6 genotype associates with the likelihood of being a smoker. Although SMs have a 

significantly lower age of first smoking compared to NMs, they trend towards smoking for a 

shorter duration (Schoedel et al. 2004). Studies suggest that SMs are less likely to be current 

smokers. One study in Caucasians showed that the proportion of SMs (based on CYP2A6*2, *4, 

*9, and *12 genotypes) was significantly lower in current smokers (DSM-IV dependent and non-

dependent) compared to non-smokers (Schoedel et al. 2004). A separate study similarly found 

that the frequency of the CYP2A6*4 allele was higher and CYP2A6*1A/1B was lower in non-

smokers compared to smokers (Iwahashi et al. 2004). 

1.7.3 Dependence 

Studies in adolescents suggest that CYP2A6 genotype also associates with dependence. One 

study found that adolescent SMs have an increased risk of becoming dependent, but smoke less 
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once dependent (O'Loughlin et al. 2004), while another study suggested that adolescent SMs 

progress in nicotine dependence at a slower rate and plateau more quickly compared to NMs 

(Audrain-McGovern et al. 2007). 

However, smoking cessation studies in adults suggest no difference in the level of nicotine 

dependence between SMs, IMs and NMs (Malaiyandi et al. 2006; Ho et al. 2009). Similarly, in a 

smoking population, the proportion of CYP2A6 SMs was similar between non-dependent 

smokers and DSM-IV dependent smokers (Schoedel et al. 2004).  

1.7.4 Cessation 

CYP2A6 genotype appears to influence cessation. One retrospective study suggested that 

individuals possessing a CYP2A6*2 allele had a 1.75-fold higher likelihood of quitting smoking 

compared to those with no CYP2A6*2 allele (Gu et al. 2000). CYP2A6 genotype also influences 

usage of NRT and quit rates. For instance, in one NRT clinical trial, SMs (based on CYP2A6*2, 

*4, *9, and *12 genotypes) had higher nicotine plasma levels obtained with nicotine patch 

compared to NMs, while among those given nicotine spray, SMs obtained similar nicotine levels 

as NMs by using fewer doses of nicotine spray/day (Malaiyandi et al. 2006). This suggests that 

CYP2A6 genotype influences self-titration of NRTs such as nicotine spray. In this study by 

Malaiyandi et al. (2006), the impact of CYP2A6 genotype on success of quitting with nicotine 

patch and spray could not be determined due to the low number of genetically identified SMs. 

However, another nicotine gum trial in African-American light smokers found that smokers in 

the slowest CYP2A6 genotype group (based on CYP2A6*2, *4, *9, *12, *17, *20, *23, *24, *25, 

*26, *27, and *35 genotypes) tended to have higher quit rates (7-day point prevalence 

abstinence, verified by exhaled carbon monoxide levels <10ppm) compared to NMs and IMs 

(26% vs 21% at end-of-treatment (EOT), 22% vs 20% at 6-month follow-up) (Ho et al. 2009). 
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1.8 Impact of 3HC/COT Metabolite Ratio on Smoking and Cessation 

Similar to CYP2A6 genotype, the 3HC/COT ratio correlates significantly with CPD, where 

slow metabolism (i.e. low 3HC/COT) is associated with decreased CPD compared to fast 

metabolism (Benowitz et al. 2003; Lerman et al. 2006; Schnoll et al. 2009). In addition, similar 

to the effect of CYP2A6 genotype on nicotine dependence in adult smokers, 3HC/COT is not 

significantly correlated with nicotine dependence scores (Lerman et al. 2006; Schnoll et al. 

2009). 

Like CYP2A6 genotype, slow metabolism measured by the 3HC/COT ratio is also associated 

with higher quit rates with NRT. For instance, 3HC/COT predicts the effectiveness of nicotine 

patch treatment for smoking cessation (7-day point prevalence abstinence, verified by breath 

carbon monoxide <10ppm), where the quartile of smokers with the lowest 3HC/COT ratios had 

higher odds of abstinence (~46% at EOT and ~30% at follow-up) compared to the quartile of 

smokers with the highest 3HC/COT (~28% at EOT and <1% at follow-up) (Lerman et al. 2006). 

These findings were validated by Schnoll et al. (2009), where smokers in the lowest 3HC/COT 

quartile had significantly higher EOT quit rates compared to smokers in the upper 3 quartiles 

(42% vs 28%). Similarly, a placebo-controlled NRT trial with nicotine gum in African-American 

light smokers found that smokers in the lowest 3HC/COT quartile had higher quit rates (29% at 

EOT and 27% at follow-up) compared to smokers in the upper 3 quartiles (21% at EOT and 19% 

at follow-up) (Ho et al. 2009).  

Similar effects are seen in placebo treatments arms of smoking cessation studies. For 

instance, in a placebo-controlled bupropion trial, smokers in the lowest 3HC/COT quartile had 

significantly higher quit rates (32% at EOT and 19% at follow-up) with placebo compared to 

smokers in the highest 3HC/COT quartile (10% at EOT and 8% at follow-up) (Patterson et al. 
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2008). However, unlike with nicotine patch and gum, quit rates with bupropion do not differ 

between slow (32% at EOT and 25% at follow-up) and fast metabolizers (34% at EOT and 27% 

at follow-up) (Patterson et al. 2008). Therefore, smokers in the highest 3HC/COT quartile 

benefit the most from bupropion treatment compared to placebo (34% vs 10% abstinence rate at 

EOT), whereas smokers in the lowest quartile have equivalent quit rates with placebo and 

bupropion (32% at EOT). 

1.9 Statement of Problem 

The goal of this study was to address the limited information regarding direct comparisons in 

efficacy between various durations of nicotine patch therapy and the effect of CYP2A6 genotype 

on quit rates with nicotine patch. The primary aims of this study were: 

 

1. To directly compare the efficacy of 8-week nicotine patch therapy (followed by 16-week 

placebo patch) versus 24-week nicotine patch therapy on end-of-treatment (EOT, at 24 

weeks) and long-term abstinence (at 52 weeks after quit date). 

2. To determine the effect of CYP2A6 genotype on efficacy of nicotine patch therapy. 

3. To directly compare 3HC/COT and CYP2A6 genotype as predictors of abstinence on 

patch therapy. 

 

These primary aims will be discussed below with an explanation of the rationale behind each 

aim, followed by the objective and hypotheses.  
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1.10 Rationales, Objectives and Hypotheses 

Primary Aim #1 

Rationale 

Although indirect comparisons between 8-week NRT and longer-duration NRT suggest that 

there is no difference in efficacy for smoking cessation (Stead et al. 2008), the best study design 

to test this hypothesis is to directly compare treatment durations in a single clinical trial. 

However, the number of published studies directly comparing various durations of NRT is 

limited. There is just one study to note, which was a large multi-centered study in Europe 

comparing 8-week versus 22-week nicotine patch therapy, and found no difference in long-term 

abstinence (Tonnesen et al. 1999). However, thus far this type of study has not been replicated. 

Two other smaller studies comparing 3-week versus 12-week patch therapy (Bolin et al. 1999) 

and 3-week versus 6-week patch therapy (Glavas and Rumboldt 2003) also did not find any 

differences in abstinence rates. However, the clinical application of these two studies is limited, 

considering the standard treatment time of 8 weeks for NRT. Therefore, there is a demand for a 

repeat in clinical trials directly comparing standard 8-week NRT to a longer duration of 

treatment with a further analysis of the role of CYP2A6 in the outcomes. 

Objective 

To compare efficacy of 8-week nicotine patch (followed by 16 week placebo patch) versus 

24-week nicotine patch in a randomized double-blinded clinical trial for smokers wishing to quit. 

EOT (at 24 weeks) and long-term abstinence (52 weeks after quit date) will be used to make 

comparisons. 
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Hypothesis 

1) Quit rates with 24-week nicotine patch therapy will be higher than quit rates with 8-week 

nicotine patch therapy at EOT (24 weeks) and follow-up (52 weeks). 

Reasoning for Hypothesis 1: At EOT (24 weeks), smokers receiving 24-week nicotine 

patch had immediately completed their patch treatment, whereas smokers receiving 8-week 

nicotine patch had just completed their successive 16-week placebo phase. The relapse rate 

during the 16-week placebo phase after 8-week patch is expected to be higher than the 

concurrent time during 24-week patch, due to emergence of nicotine withdrawal and craving 

symptoms.  

Long-term abstinence is expected to be higher for the 24-week versus 8-week treatment 

because a longer duration of nicotine patch therapy allows for increased smoke-free nicotine 

treatment time for adjusting to reduced nicotine levels, adjusting to the absence of 

behavioural aspects of smoking, and learning to control cravings and urges before the 

nicotine therapy is completed at end-of-treatment. Also, smoking cessation studies have 

shown that nicotine patch significantly reduces the risk of progression of an initial lapse to 

relapse (Shiffman et al. 2006a; Shiffman et al. 2006b). Therefore, a 24-week versus 8-week 

treatment time will provide a longer time-frame for potentially reducing the progression of 

smoking lapses during therapy into full relapse, thereby increasing quit rates. 

Primary Aim #2 

Rationale 

Slow metabolizers, defined by low 3HC/COT, have higher quit rates with patch (Lerman et 

al. 2006; Schnoll et al. 2009), nicotine gum (Ho et al. 2009), and placebo (Patterson et al. 2008; 

Ho et al. 2009) compared to fast metabolizers. Since CYP2A6 genotype associates with 
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3HC/COT, where those with SM genotype have lower 3HC/COT compared to fast CYP2A6 

metabolizers (Malaiyandi et al. 2006), perhaps CYP2A6 genotype may also associate with 

abstinence on NRT. CYP2A6 genotype also associates with smoking behaviour, such that SMs 

smoke less intensely, smoke for shorter durations, and are less likely to be current smokers (Rao 

et al. 2000; Ariyoshi et al. 2002b; Schoedel et al. 2004; Malaiyandi et al. 2006; Strasser et al. 

2007). Therefore, if CYP2A6 genotype is a predictor of smoking behaviour, perhaps it can also 

predict the ability to quit. A previous study by Malaiyandi et al. (2006) aimed to assess the 

association of CYP2A6 genotype with efficacy of nicotine spray and patch, but the study was 

under-powered (particularly in the number of SMs) to detect an effect. Therefore, the effect of 

CYP2A6 genotype on abstinence with nicotine patch in a large smoking population remains 

undetermined.  

Aside from the association of CYP2A6 genotype with 3HC/COT, there are other similarities 

between the impact of 3HC/COT and CYP2A6 genotype on smoking behaviour and cessation. 

For instance, similar to smokers with low 3HC/COT (Benowitz et al. 2003), smokers with SM 

genotype smoke fewer CPD (Rao et al. 2000; Ariyoshi et al. 2002a; Schoedel et al. 2004; 

Malaiyandi et al. 2006). In addition, similar to the higher quit rates seen among smokers with 

low 3HC/COT, smokers with SM genotype had increased likelihood of quitting in a retrospective 

study and trended towards higher quit rates on nicotine gum in an NRT smoking cessation trial, 

compared to NMs (Gu et al. 2000; Ho et al. 2009). However, aside from the latter study in such 

a specialized population (i.e. African-American light smokers) there have been no published 

NRT clinical trials studying the association of CYP2A6 genotype with smoking cessation within 

a general smoking population. In addition, no studies have been done with nicotine patch 

therapy, which is the most commonly used form of NRT. 
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Objective 

To establish if and how CYP2A6 genetic variation impacts the efficacy of standard 8-week 

nicotine patch treatment and extended 24-week nicotine patch treatment in smokers. Efficacy 

will be assessed by abstinence at EOT (24 weeks) and follow-up (52 weeks). 

Hypotheses 

2) Smokers with SM genotype will have better quit rates on standard 8-week nicotine patch 

treatment at EOT (24 weeks) and follow-up (52 weeks), compared to NMs. 

3) Smokers with SM genotype will have better quit rates on extended 24-week nicotine patch 

treatment at EOT (24 weeks) and follow-up (52 weeks), compared to NMs. 

Reasoning for Hypothesis 2 and 3: Studies suggest that smokers with SM genotype have 

increased ability to quit versus NMs (Gu et al. 2000; Ho et al. 2009). It also appears that SM 

genotype decreases the intensity, duration and likelihood of smoking (Rao et al. 2000; 

Ariyoshi et al. 2002a; Schoedel et al. 2004; Malaiyandi et al. 2006; Strasser et al. 2007), 

which may translate to more successful quitting. This decreased intensity and duration of 

smoking also leads to decreased brain exposure to nicotine, and perhaps decreased 

development of brain neuroadaptations and tolerance, which may increase the ability to quit.  

4) All CYP2A6 genotype groups will have better quit rates on 24- versus 8-week nicotine patch 

treatment at EOT (24 weeks) and follow-up (52 weeks), with the largest gain occurring in the 

NMs. 

Reasoning for Hypothesis 4: If NMs smoke more intensely, for longer durations, and 

perhaps have increased neuroadaptations and tolerance compared to SMs, longer duration of 

NRT may be required to overcome the behavioural aspects of smoking and treat the 

increased neurological changes in this group compared to SMs. 
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Primary Aim #3 

Rationale 

Studies suggest that the 3HC/COT ratio is a good predictor of quit rates on placebo, nicotine 

patch and gum, and bupropion, where slow metabolizers have increased quit rates on placebo 

and nicotine patch and gum, and fast metabolizers benefit the most from bupropion treatment 

versus placebo (Lerman et al. 2006; Patterson et al. 2008; Ho et al. 2009; Schnoll et al. 2009). 

Therefore, 3HC/COT may be a useful tool in personalizing smoking cessation therapies for 

smokers. Although CYP2A6 genotype associates with 3HC/COT (Malaiyandi et al. 2006), there 

is a gap in knowledge with respect to the potential predictive ability of CYP2A6 genotype on quit 

rates with smoking cessation therapies. Assessing the potential of CYP2A6 genotype as a 

predictor of abstinence with therapy is worth pursuing because using genotypic measures has 

various advantages over using phenotypic measures (e.g. 3HC/COT) in clinical and research 

settings.  

For instance, genotyping can be performed once and used as a reference throughout the 

course of an individual’ s lifetime.  Furthermore, unlike phenotype, an individual’ s genotype is 

not subject to variation induced by the environment such as diet or medications. With respect to 

CYP2A6 activity for example, individuals on medications such as oral contraceptives (Benowitz 

et al. 2006a) or dexamethasone (Onica et al. 2008) will have increased CYP2A6 activity, while 

exposure to inhibitors such as methoxsalen will decrease CYP2A6 activity (Kharasch et al. 

2000). Therefore, a phenotypic measure is perhaps a better reflection of an individual’ s current 

CYP2A6 activity compared to CYP2A6 genotype. However, an individual’ s exposure to 

environmental influences on CYP2A6 function may change over time, and therefore CYP2A6 

genotype may be a more reliable measure of an individual’ s CYP2A6 activity. Since genotyping 
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is a qualitative measure, it is also subject to reduced variation/errors that occur during 

quantitative phenotyping measures due to differences in equipment, methodology, and handling. 

Genotyping is also advantageous with regards to usage – DNA can be shipped between labs and 

facilities, and/or be kept frozen for long durations and used later. A single DNA sample can be 

used numerous times for various genotyping assays.  

Objective 

To assess the relative merit of CYP2A6 genotype versus 3HC/COT as a predictive measure 

for smoking cessation. 

Hypothesis 

5) CYP2A6 genotype will be a significant predictor of abstinence rates with nicotine patch 

therapy, but this predictive quality may be weaker compared to that obtained with 3HC/COT. 

Reasoning for Hypothesis 5: In an NRT clinical trial in Caucasians conducted by Lerman et 

al. (2006), 3HC/COT predicted the effectiveness of 8-week nicotine patch therapy at EOT (8 

weeks) and 6-month follow-up. However, the impact of CYP2A6 genotype on success of 

quitting with patch in this study could not be determined, primarily due to the low number of 

genetically identified SMs (Malaiyandi et al. 2006). In a smoking cessation trial with 

nicotine gum in African-American light smokers, individuals with low 3HC/COT had 

significantly higher quit rates than those with high 3HC/COT, while smokers with SM 

genotype trended towards higher quitting rates (but did not reach significance) (Ho et al. 

2009). Therefore, previous studies suggest 3HC/COT is a good predictor of quit rates with 

nicotine patch and nicotine gum, while CYP2A6 genotype may also be a good predictor of 

quit rates, but not as strong as 3HC/COT. 
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2. MATERIALS & METHODS 

2.1 Study Overview 

This study was part of an open-label transdermal NRT clinical trial lead by Dr. Caryn 

Lerman at the University of Pennsylvania. The study was supported by the National Institutes of 

Health, protocol number 801851. The Health Sciences Research Ethics Board of the University 

of Toronto also approved this study (#20284). Dr. Caryn Lerman conducted participant 

recruitment, clinical trial management, data and sample collection and preparation. DNA 

extraction was performed at the University of Pennsylvania and DNA samples were sent to Dr. 

Rachel Tyndale’ s lab for CYP2A6 genotyping. Plasma metabolites were measured at the 

University of California San Francisco by Dr. Neal Benowitz. 

2.2 Study Design 

2.2.1 Subject Recruitment and Screening 

Subjects were recruited via advertisements for a free smoking cessation program at the 

University of Pennsylvania, and enrolment took place Oct.1, 2004 – Jan.31, 2008. Male and 

female smokers aged 18-65, who smoked >10 CPD and were interested in smoking cessation 

were eligible for the study. Exclusion criteria included female subjects that were 

pregnant/planning/lactating; individuals with contraindications for transdermal nicotine 

(uncontrolled hyptertension, liver/kidney failure in last 6 months), receiving cancer treatment or 

diagnosed with cancer in the last 6 months, diagnosed with a DSM-IV substance use disorder 

(alcohol, cocaine, marijuana or stimulants, benzodiazepines), currently using NRT or 

concomitant medications (e.g. monoamine oxidase inhibitors within past 14 days, antipsychotics, 

endogenous steroids, stimulants, antidepressants, including wellbutrin or bupropion), or currently 
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diagnosed with an Axis I psychiatric disorder (i.e. psychosis, current major depression, current 

mania). 

2.2.2 Protocol 

Smokers (n=576) were randomized to one of two treatment arms with open-label transdermal 

NRT (Nicoderm CQ; GlaxoSmithKline, Research Triangle Park, North Carolina, USA): standard 

treatment (21 mg/24 hours nicotine patch for 8 weeks, followed by placebo patch for 16 weeks) 

or extended treatment (21 mg/24 hours nicotine for 24 weeks). Smokers received a full-dose 

therapy throughout treatment because there is no difference in efficacy compared to tapered-dose 

therapy (Stapleton et al. 1995). A schematic of the study protocol is shown in Table 2.1. All 

subjects attended a pre-quit counselling session at baseline (week -2), set their target quit date for 

week 0, and received further behavioural counselling sessions throughout their 24-week 

treatment. These counselling sessions were based on standard smoking cessation behavioural 

treatment (Lerman et al. 2004; Fiore et al. 2008). Subjects were followed-up at 28 weeks and 52 

weeks after target quit date.  

2.2.3 Assessments 

2.2.3.1 Eligibility Screening Variables and Covariates  

At baseline, subjects underwent a medical history and physical examination, and were asked 

for self-reported demographic measures (age, race, sex, marital status and education) and 

smoking behaviour (age at smoking initiation, CPD, number of previous quit attempts, length of 

prior abstinence periods, previous use of NRT). Subjects were also administered the FTND, 

which is a 6-item questionnaire used to assess nicotine dependence (Heatherton et al. 1991). 

Weight was measured at baseline and monitored throughout treatment and at follow-up sessions.  
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Table 2.1: A Schematic of the study protocol and timeline of assessments. 

TQD = target quit date; EOT = end-of-treatment; Nic = nicotine

  Orientation 
Pre-Quit 

Visit TQD           EOT    
Follow-

up 
                
  

   
            

 
  

 Standard treatment ----------------- Baseline  21mg/day Nic Placebo patch ------------------- 
Smokers 
randomized                      
 Extended treatment ----------------- Baseline  21mg/day Nic ------------------- 
                      

 STUDY WEEK -4 -2 0 1 4 8 12 16 20 24 28 48 
 Counselling  X X X X X X X X    

 Screening Variables and Covariates 
 Weight   X X X X X X X X X X X 

 

Demographics, smoking 
history, psych and medical 
history, inattention and 
hyperactive symptoms   

X 

                                    
 Depression symptoms   X                             X X X 
 Anger   X     X                             
 Medication expectations                                       X 
 Genotype   X                                     
 Mediating Variables 

 

Withdrawal, smoking 
Urge/Craving, positive and 
negative affect   

X X X X X X X X X 
    

 Treatment Variables 
 Nicotine/cotinine/3HC   X     X                             
 Usage, side-effects     X X X X X X X X     
 Cost-effectiveness     X X X X X X X X X X 
 Smoking Outcomes 
 Cessation/smoking rate   X  X  X    X X X 
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Current psychiatric disorders were assessed using the Structured Clinical Interview for DSM-IV, 

Non-patient Edition (SCID-NP) (Spitzer R 1990) over telephone during eligibility screening, and 

subjects meeting the criteria for Axis 1 disorders were excluded from participation. Attention-

deficit hyperactivity disorder (ADHD) symptoms from DSM-IV were assessed at baseline using 

the 18-item Current Symptoms Scale, Self Report Form (Kessler et al. 2005). Depression was 

assessed at baseline, EOT (24 weeks) and at follow-up sessions with the 20-item Likert-format 

Center for Epidemiologic Studies Depression Scale (CES-D) (Radloff 1977). Anger was 

assessed at baseline and week 1 with Spielberger’ s 15-item self-report scale (Spielberger 1999). 

At baseline, and throughout treatment, withdrawal symptoms associated with smoking 

cessation were assessed using the 18-item Minnesota Nicotine Withdrawal Scale (Hughes and 

Hatsukami 1986), smoking urges and craving for cigarettes were assessed with a 10-item 

Questionnaire on Smoking Urges (QSU) (Tiffany and Drobes 1991), and positive and negative 

effect was assessed with a 20-item Likert-format self-report measure, called the Positive and 

Negative Affect Schedule (Watson et al. 1988).  

2.2.3.2 Treatment Variables 

Plasma nicotine, COT and 3HC were measured at baseline (while still smoking) and week 1 

(among participants with confirmed abstinence). Blood samples were drawn at the University of 

Pennsylvania and sent to Dr. Benowitz at the University of California for metabolite measures. 

Nicotine was measured via gas chromatography with nitrogen-phosphorous detection (Jacob et 

al. 1981), and COT and 3HC via liquid chromatography with tandem mass spectrometry 

(Dempsey et al. 2004). 

Patch use was assessed throughout treatment via self-report and by returning used patches 

each week for patch counts. COT levels were used as a secondary measure of overall usage in 
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those claiming abstinence. Patch-related side effects were assessed throughout treatment with a 

checklist for headaches, nausea, vomiting, constipation-diarrhea, sleep problems, rash, skin 

reactions, etc. Symptom severity was rated from 0 (none) to 3 (severe), and a total side-effect 

score was computed. 

2.2.3.3 Smoking Outcomes 

Cessation/smoking rate was assessed and verified (self-report cessation, verified by 7-day 

point prevalence breath carbon monoxide sample �10 ppm) at baseline (SRNT, 2002), during 

treatment phase, end-of treatment, and at follow-up visits. Subjects that self-reported cessation 

and provided a sample of breath carbon monoxide �10 ppm were considered abstinent. Subjects 

who withdrew from the trial, or failed to provide a carbon monoxide breath sample, or provided 

a breath sample >10 ppm were considered smokers.  

2.3 CYP2A6 Genotyping 

2.3.1 Overview 

DNA extraction was performed at the University of Pennsylvania and DNA samples were 

sent to Dr. Tyndale’ s lab and stored at -20 oC. We received 570 DNA samples composed of 482 

Caucasians, 84 Blacks, and 4 Asians. CYP2A6 genotyping was successfully completed for 557 

samples. 

Genotyping assays were used to detect CYP2A6 genetic variants using two-step allele-

specific polymerase chain reaction (PCR) assays. The first step involved amplifying the CYP2A6 

gene containing the variation of interest (gene specific). The second step used the template from 

the first step and involved two parallel (allele specific) reactions, one for the wild-type allele and 

the other for the variant allele. For each assay, water was used as a negative control. As positive 

controls, DNA samples from a previously-established heterozygote variant individual, a 
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homozygote variant individual, and an individual without the variant allele were used (the rate of 

failed amplification of the control samples was less than 5%). The amplification products from 

the second PCR reactions were electrophoresed through agarose gel stained with ethidium 

bromide and visualized under UV light. 

2.3.2 Assays, Primer Sets, Reaction Conditions 

All DNA samples were analyzed for CYP2A6*2,*4,*9, and *12. African-American subjects 

were further analyzed for CYP2A6*17,*20,*23,*24,*25,*26,*27, and *35, and Asians were 

further analyzed for CYP2A6*7, *8 and *10. These CYP2A6 variants are prevalent among these 

populations and the consequential loss or decrease in CYP2A6 enzymatic function by these 

variants has been characterized. CYP2A6 genetic variants that have relatively low frequency 

(CYP2A6*3, *5, *6, *11, *13, *15), low/unclear impact on CYP2A6 function (CYP2A6*14), 

both low impact and low frequency (CYP2A6*16, *18, *19, *21), or have limited information 

regarding functional impact (CYP2A6*22, *29, *30, *31, *32, *33, *34, *36, *37) were not 

assayed. CYP2A6 primer sets specific for each genotyping assay were used and are shown in 

Table 2.2. CYP2A6 primers were ordered from ACGT Corporation Toronto, Ontario.  

All reagents used in the PCR reactions were purchased as a kit from Fermentas (Burlington, 

Ontario). The kit included Taq polymerase enzyme, 25 mM MgCl2, 10x Taq PCR buffer 

(containing 100 mM TRIS-HCl (ph 8.8 at 25 oC), 500 mM KCL and 0.8% Nonidet P40), and 

10x Taq PCR buffer with (NH4)2SO4. The dNTP set (included 25 mM of each nucleotide) and 1-

kb Gene Ruler DNA ladder were also purchased from Fermentas (Burlington, Ontario). The 

reaction conditions for the first and second amplifications of each CYP2A6 genetic variant are 

shown in Table 2.3, and the PCR conditions are shown in Table 2.4. All PCR reaction mixtures 

for the first amplification contained 50 ng of genomic DNA, and 0.8 �l of the first  
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Table 2.2: Primer sets used for CYP2A6 genotyping assays. Each assay includes a 
gene-specific amplication step (step 1) and an allele-specific amplification step (step 2). 
For each primer, the nucleotide sequence and CYP2A6 binding location are indicated. 
 

CYP2A6 
allele 

- PCR step 
Primer name Primer sequence Location 

2A61F 5'-GCT GAA CAC AGA GCA GAT GTA CA-3' exon 1 CYP2A6*2 
- 1 2A61R 5'-GGA GGT TGA CGT GAA CTG GAA GA-3' exon 4 

2A62wtF 5'-CTC ATC GAC GCC CT-3' exon 3 

2A62v1F 5'-CTC ATC GAC GCC CA-3' exon 3 CYP2A6*2 
- 2 

E3R-1 5'-AAC GCA CGC GGG TTC CTC GT-3' intron 3 

2Aex7F 5'-GGC CAA GAT GCC CTA CAT G-3' exon 7 CYP2A6*4E 
- 1 2A6R6 5'-TAA TTG GGT TGT TTT CTA TTG AGT-3' 3' 

flanking 
2A6In7F1 5'-ACC CAC ATT AGA AGC TTT CTA GA-3' intron 7 

2A7In7F1 5'-CCC CAT TAG AAG CTT TCT ACT CA-3' intron 7 CYP2A6*4E 
- 2 

2A6R0 5'-AGG TCA TCT AGA TTT TCT CCT ACA-3' 3' 
flanking 

2A6In6F1 5'-ATT TCC TGC TCT GAG ACC-3' intron 6 CYP2A6*7 
- 1 2A6R6 5'-TAA TTG GGT TGT TTT CTA TTG AGT-3' 3' 

flanking 
2A6*7FWT-M 5'-TCC CAG TCA CCT AAG GAA AT-3' exon 9 

2A6*7FV-M 5'-TCC CAG TCA CCT AAG GAA AC-3' exon 9 CYP2A6*7 
- 2 

2A6R0 5'-AGG TCA TCT AGA TTT TCT CCT ACA-3' 3' 
flanking 

2A6In6F1 5'-ATT TCC TGC TCT GAG ACC-3' intron 6 CYP2A6*8 
- 1 2A6R6 5'-TAA TTG GGT TGT TTT CTA TTG AGT-3' 3' 

flanking 
2A6*8WTF 5'-GCT TTG CCA CGA TCC CAC G-3' exon 9 

2A6*8VF 5'-GCT TTG CCA CGA TCC CAC T-3' exon 9 CYP2A6*8 
- 2 

2A6R0 5'-AGG TCA TCT AGA TTT TCT CCT ACA-3' 3' 
flanking 

2A65Pr1F 5'-ACC TAG ACT TAA TCT TCC CGT ATA C-3' 5' 
flanking CYP2A6*9 

- 1 
2A6In1R 5'-CCC AAG ATC CTG TCT TTC TGA T-3' 5' 

flanking 
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2A6-460F 5'-ATC CTC CAC AAC AGA AGA CCC CTA A-3' 5' 
flanking 

2A6-17RA 5'-ACG GCT GGG GTG GTT TGC CTT TA-3' 5' 
flanking 

CYP2A6*9 
- 2 

2A6-17RC 5'-ACG GCT GGG GTG GTT TGC CTT TC-3' 5' 
flanking 

2A6In6F1 5'-ATT TCC TGC TCT GAG ACC-3' intron 6 CYP2A6*10 
- 1 2A6R6 5'-TAA TTG GGT TGT TTT CTA TTG AGT-3' 3' 

flanking 
2A6*7FWT-M 5'-TCC CAG TCA CCT AAG GAA AT-3' exon 9 

2A6*7FV-M 5'-TCC CAG TCA CCT AAG GAA AC-3' exon 9 

2A6*8Rwt-L 5'-GGA AGC TCA TGG TGT AGT TTC-3' exon 9 
CYP2A6*10 

- 2 

2A6*8Rv-L 5'-GGA AGC TCA TGG TGT AGT TTA-3' exon 9 

2AF 5'-GCA CCC CTC CTG AGG TAC CAC-3' 5' 
flanking CYP2A6*12 

- 1 
2A6ex3R1 5'-GTC CCC TGC TCA CCG CCA-3' exon 3 

2A61F-L 5'-TGG CTG TGT CCC AAG CTA GGC A-3' 5' 
flanking 

2A71F-L 5'-TGG CTG TGT CCC AAG CTA GGT G-3' 5' 
flanking 

CYP2A6*12 
- 2 

2A6ex3R2 5'-CGC TCC CCG TTG CTG AAT A-3' exon 3 

2A6In6F1 5'-ATT TCC TGC TCT GAG ACC-3' intron 6 CYP2A6*17 
- 1 2A6R6 5'-TAA TTG GGT TGT TTT CTA TTG AGT-3' 3' 

flanking 
2A6*17Fwt-M 5'-GAG ATC CAA AGA TTT GGA GCC G-3' exon 7 

2A6*17Fv-M 5'-GAG ATC CAA AGA TTT GGA GCC A-3' exon 7 CYP2A6*17 
- 2 

2A6In7AS 5'-CTG AGA TTT CTG TCC CTA T-3' intron 7 

2A6exin3F 5'-GGC ACT GGC GGT GAG CAG-3' exon/ 
intron 3 CYP2A6*20 

- 1 
2A6in5R 5'-GGC CTG TGT CAT CTG CCT-3' intron 5 

2A6in3F 5'-CTG CCT CCT GGA ATT CTG AC-3' intron 3 

2A6ex4R2144w 5'-ACA GTG ACA GGA ACT CTT-3' exon4 CYP2A6*20 
- 2 

2A6ex4R2144v 5'-ACA GTG ACA GGA ACT CTG-3' exon 4 

2A6exin3F 5'-GGC ACT GGC GGT GAG CAG-3' exon/ 
intron 3 CYP2A6*23 

- 1 
2A6in5R 5'-GGC CTG TGT CAT CTG CCT-3' intron 5 
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2A6in3F 5'-CTG CCT CCT GGA ATT CTG AC-3' intron 3 
2A6ex42161A

W 5'-GGA AGA TTC CTA GCA TCA TGC G-3' exon4 CYP2A6*23 
- 2 

2A6EX42161A
V 5'-GGA AGA TTC CTA GCA TCA TGC A-3' exon 4 

2A61F 5'-GCT GAA CAC AGA GCA GAT GTA CA-3' exon 1 CYP2A6*24 
- 1 2A61R 5'-GGA GGT TGA CGT GAA CTG GAA GA-3' exon 4 

2A6ex2FWT 5'-GCC ACC TTC GAC TGG G-3' exon 2 

2A6ex2FV 5'-GCC ACC TTC GAC TGG C-3' exon 2 CYP2A6*24 
- 2 

E3R-1 5'-AAC GCA CGC GGG TTC CTC GT-3' intron 3 

2A61F 5'-GCT GAA CAC AGA GCA GAT GTA CA-3' exon 1 CYP2A6*25 
- 1 2A61R 5'-GGA GGT TGA CGT GAA CTG GAA GA-3' exon 4 

2A6in2ex3FW 5'-CAC CTC CCC AGG CGT GGT AT-3' intron 2/ 
exon 3 

2A6in2ex3FV 5'-CAC CTC CCC AGG CGT GGT AC-3' intron 2/ 
exon3 

CYP2A6*25 
- 2 

E3R-1 5'-AAC GCA CGC GGG TTC CTC GT-3' intron 3 

2A61F 5'-GCT GAA CAC AGA GCA GAT GTA CA-3' exon 1 CYP2A6*26 
- 1 2A61R 5'-GGA GGT TGA CGT GAA CTG GAA GA-3' exon 4 

2A6ex2FWT 5'-GCC ACC TTC GAC TGG G-3' exon 2 

2A6ex3R1711w 5’-GCA GGG TGG CGA TGG A-3’ exon 3 CYP2A6*26 
- 2 

2A6ex3R1711v 5’-GCA GGG TGG CGA TGG C-3’ exon 3 

2A6exin3F 5'-GGC ACT GGC GGT GAG CAG-3' exon3/ 
intron3 CYP2A6*27 

- 1 
2A6in5R 5'-GGC CTG TGT CAT CTG CCT-3' intron 5 

2A6in3F 5'-CTG CCT CCT GGA ATT CTG AC-3' intron 3 

2A6*4171W-M 5'-GGA AGA TTC CTA GCA TCC TG-3' exon 4 CYP2A6*27 
- 2 

2A6*4171V-M 5'-GGA AGA TTC CTA GCA TCC TT-3' exon 4 

2A6In6F1 5'-ATT TCC TGC TCT GAG ACC-3' intron 6 CYP2A6*35 
- 1 2A6R6 5'-TAA TTG GGT TGT TTT CTA TTG AGT-3' 3' 

flanking 
2A6in8ex9 
F6458W 5'-TCC TCA GGA AAG CGG A-3' intron8/ex

on9 
2A6in8ex9 

F6458V 5'-TCC TCA GGA AAG CGG T-3' intron8/ex
on9 

CYP2A6*35 
- 2 

2A6R0 5'-AGG TCA TCT AGA TTT TCT CCT ACA-3' 3' 
flanking 
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Table 2.3: Reaction conditions for step 1 and 2 of each CYP2A6 genotyping assay 
used in this study. 
 

Reaction Conditions 

CYP2A6 
allele 

PCR 
step DNA Primers 

(mM) 
PCR  

buffer 
MgCl2 
(mM) 

dNTPs 
(mM) 

Taq 
polymerase 

(Units) 

1 50 ng 0.25 1X 2 0.2 0.75 CYP2A6*2 
2 0.8 �L 0.25 1X 1.25 0.1 0.25 
1 50 ng 0.125 1X 1.7 0.2 1.25 CYP2A6*4E 
2 0.8 �L 0.25 1X 1.5 0.1 0.3 
1 50 ng 0.25 1X 1.5 0.2 1 CYP2A6*7 
2 0.8 �L 0.25 1X 1.1 0.1 0.3 
1 50 ng 0.25 1X 1.5 0.2 1 

CYP2A6*8 
2 0.8 �L 0.25 1X 

(NH4)2SO4 
1 0.1 0.3 

1 50 ng 0.125 1X 1.3 0.2 0.75 
CYP2A6*9 

2 0.8 �L 0.125 1X 
(NH4)2SO4 

1.1 0.1 0.4 

1 50 ng 0.25 1X 1.5 0.2 1 CYP2A6*10 
2 0.8 �L 0.2 1X 1.2 0.1 0.3 
1 50 ng 0.25 1X 1.5 0.2 0.6 CYP2A6*12 
2 0.8 �L 0.125 1X 1.5 0.1 0.5 
1 50 ng 0.25 1X 1.5 0.2 1 

CYP2A6*17 
2 0.8 �L 0.125 1X 

(NH4)2SO4 
1 0.1 0.5 

1 50 ng 0.125 1X 1.5 0.2 1.25 CYP2A6*20 
2 0.8 �L 0.25 1X 1.5 0.1 0.3 
1 50 ng 0.125 1X 1.5 0.2 1.25 

CYP2A6*23 
2 0.8 �L 0.15 1X 

(NH4)2SO4 
1 0.1 0.4 

1 50 ng 0.25 1X 2 0.2 0.75 CYP2A6*24 
2 0.8 �L 0.15 1X 1.25 0.1 0.3 
1 50 ng 0.25 1X 2 0.2 0.75 CYP2A6*25 
2 0.8 �L 0.25 1X 0.75 0.1 0.3 
1 50 ng 0.25 1X 2 0.2 0.75 CYP2A6*26 
2 0.8 �L 0.125 1X 1.2 0.1 0.4 
1 50 ng 0.125 1X 1.5 0.2 1.25 CYP2A6*27 
2 0.8 �L 0.25 1X 1.3 0.1 0.4 
1 50 ng 0.25 1X 1.5 0.2 1 CYP2A6*35 
2 0.8 �L 0.25 1X 1.25 0.1 0.5 
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Table 2.4: PCR conditions for step 1 and 2 of each CYP2A6 genotyping assay used in this study. 
Initial 

denaturation Denaturation Annealing Extension Final extension 
CYP2A6 

allele 
PCR 
step Temp 

(oC) 
Time 
(min) 

Temp 
(oC) 

Time 
(min) 

Temp 
(oC) 

Time 
(min) 

Temp 
(oC) 

Time 
(min) 

Temp 
(oC) 

Time 
(min) 

Cycles 

1 95 1:00 95 0:15 60 0:20 72 3:00 72 7:00 36 CYP2A6*2 
2 95 1:00 95 0:15 50 0:20 72 0:45     22 
1 95 1:00 95 0:15 50 0:40 72 2:00 72 7:00 40 CYP2A6*4E 
2 95 1:00 95 0:15 50 0:20 72 2:00     20 
1 95 1:00 95 0:15 50 0:30 72 3:00 72 7:00 40 CYP2A6*7 
2 95 1:00 95 0:15 59 0:20 72 1:00     30 
1 95 1:00 95 0:15 50 0:30 72 3:00 72 7:00 40 CYP2A6*8 
2 95 1:00 95 0:15 57 0:20 72 1:00     20 
1 95 1:00 95 0:20 55 0:30 72 2:00 72 7:00 30-40 CYP2A6*9 
2 94 1:00 94 0:20 66 0:40 72 1:00     18-20 
1 95 1:00 95 0:15 50 0:30 72 3:00 72 7:00 40 CYP2A6*10 
2 95 1:00 95 0:15 58 0:30 72 0:30     22 
1 95 1:00 95 0:15 58 0:30 72 2:00 72 7:00 35 CYP2A6*12 
2 95 1:00 95 0:15 63 0:20 72 1:00     20 
1 95 1:00 95 0:15 50 0:30 72 3:00 72 7:00 40 CYP2A6*17 
2 95 1:00 95 0:15 58 0:30 72 1:00     20 
1 95 1:00 95 0:15 58 0:30 72 2:00 72 7:00 30 CYP2A6*20 
2 95 1:00 95 0:15 56 0:20 72 0:30     18 
1 95 1:00 95 0:15 58 0:30 72 2:00 72 7:00 30 CYP2A6*23 
2 95 1:00 95 0:15 60 0:10 72 0:30     16-20 
1 95 1:00 95 0:15 60 0:20 72 3:00 72 7:00 36 CYP2A6*24 
2 95 1:00 95 0:15 58 0:20 72 1:30     24 
1 95 1:00 95 0:15 60 0:20 72 3:00 72 7:00 36 CYP2A6*25 
2 95 1:00 95 0:15 65 0:20 72 0:45     18 
1 95 1:00 95 0:15 60 0:20 72 3:00 72 7:00 36 CYP2A6*26 
2 95 1:00 95 0:15 59 0:20 72 1:00     18 
1 95 1:00 95 0:15 58 0:30 72 2:00 72 7:00 30 CYP2A6*27 
2 95 1:00 95 0:15 56 0:20 72 0:40     18 
1 95 1:00 95 0:15 50 0:30 72 3:00 72 7:00 40 CYP2A6*35 
2 95 1:00 95 0:15 55 0:40 72 1:00     20 
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amplification product was used for the second amplification. All PCR reaction mixtures used 1x 

Taq PCR buffer with KCl, except for the 2nd PCR amplification steps of the CYP2A6*8, *9, *17,  

and *23 assays, which used 1x Taq PCR buffer with (NH4)2SO4. The total volume for all 

reactions was 25 �l. PCR amplifications were carried out on a PTC-200 Peltier Thermal Cycler 

(BioRad, Toronto, ON, Canada). For all PCR amplifications, the following steps were followed: 

1) initial denaturation; 2) denaturation; 3) annealing; 4) extension; 5) repeat of steps 2-4 

(denaturation, annealing, extension) for a specified number of cycles; and 6) final extension 

(only for the 1st amplification reaction).  

2.3.3 Gel Electrophoresis and Visualization 

The total volume of PCR product from each second amplification was mixed with either 2.5 

�l of 0.25% Bromophenol Blue or Xylene Cyanol FF loading dye (both dyes contain 30% 

glycerol), and 20 �l from each reaction was loaded onto a selected percentage agarose gel  (Table 

2.5). The selection of loading dye and agarose gel percentage depended on the product size of 

second PCR amplification. Agarose was purchased from ONBIO Inc. (Richmond Hill, ON), and 

10x TEA buffer and ethidium bromide (10mg/mL solution) were purchased from Sigma, 

Aldrich. Gels were made in a total volume of 350 mL 1x TAE buffer (0.4M Tris base, 0.02 M 

acetic acid, 0.001 M EDTA) and stained with ethidium bromide (60 �g ethidium bromide per 

100 mL agarose gel). Once loaded into the gel, samples were electrophoresed at 90-100V for 30-

60 minutes and visualized using the AlphaDigiDoc real time imaging system (Alpha Innotech, 

Fisher Scientific). The presence/absence of bands on the gel indicated whether an individual did 

or did not have the CYP2A6 variant allele being assayed. A total CYP2A6 genotype for each 

individual was determined once all CYP2A6 assays were complete. 
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Table 2.5: Loading dye and gel composition used for visualization of PCR 
products from each CYP2A6 genotyping assay. 
 

Assay Product size 
(base pairs) Loading dye Gel composition 

(% agarose) 
CYP2A6*2 97 Xylene 3 

CYP2A6*4E 2584 Bromophenol Blue 1.2 
CYP2A6*7 1244 Bromophenol Blue 1.2 
CYP2A6*8 1201 Bromophenol Blue 1.2 
CYP2A6*9 408 Xylene 1.2 

CYP2A6*10 82 Xylene 3 
CYP2A6*12 1831 Bromophenol Blue 1.2 
CYP2A6*17 339 Xylene 1.2 
CYP2A6*20 227 Xylene 1.5 
CYP2A6*23 212 Xylene 1.5 
CYP2A6*24 1302 Bromophenol Blue 1.2 
CYP2A6*25 228 Xylene 1.5 
CYP2A6*26 1100 Bromophenol Blue 1.2 
CYP2A6*27 212 Xylene 1.5 
CYP2A6*35 1340 Bromophenol Blue 1.2 
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2.3.4 CYP2A6 Genotype Grouping 

According to CYP2A6 genotype, all subjects were catagorized into the SM, IM or NM group 

(shown in Table 1.4), as done previously (Schoedel et al. 2004; Malaiyandi et al. 2005; Ho et al. 

2009). Smokers with at least one of CYP2A6*2, *4, *7, *10, *17, *20, *23, *24, *25, *26, *27 or 

*35 alleles, or two of CYP2A6*9 or *12 alleles, were grouped as SMs. Smokers with just one 

CYP2A6*9 or *12 allele were grouped as IMs. All other subjects (i.e. those without the above 

CYP2A6 variant alleles) were grouped as NMs. 

2.4 Statistical Analysis 

To assess whether CYP2A6 genotype frequencies were in Hardy-Weinberg equilibrium and 

to compare CYP2A6 allele frequencies between this study and those reported in the literature,  

Chi-tests were used. Categorical and continuous population characteristics were compared across 

treatment groups and genotype groups using Chi-tests or ANOVA followed by Bonferroni 

multiple comparisons test (if ANOVA p<0.05). The 3HC/COT ratios obtained for this study 

population were not normally distributed and therefore were log-transformed for statistical 

analyses. 3HC/COT for all genotypes were compared to a reference group using unpaired t-tests 

or ANOVA followed by Bonferroni multiple comparisons test (if ANOVA p<0.05). The three 

genotype groups were compared by 3HC/COT, CPD, FTND, and plasma measures using 

ANOVA followed by Bonferroni multiple comparisons test (if ANOVA p<0.05). To compare 

abstinence between genotype and 3HC/COT groups, Chi-tests were used. All statistical analyses 

were performed using GraphPad Prism. 
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3. RESULTS 
 
3.1 CYP2A6 Allele and Genotype Group Frequencies 

In this study 570 DNA samples (482 Caucasians, 84 Blacks, 4 Asians) were received and 557 

were successfully genotyped (471 Caucasians, 82 Blacks, 4 Asians) for CYP2A6*2, *4E, *9, and 

*12, plus numerous additional alleles found at a higher frequency in the Black and Asian 

populations. Examples of genotyping results for some of the assays are shown in Figure 3.1. The 

observed allele frequencies in this study are shown in Table 3.1. CYP2A6*2,*4E, *9 and *12 

allele frequencies were calculated among the entire study population (n=557), and separately 

among Caucasians (n=471) and Blacks (n=82); CYP2A6*17,*20,*23, *24, *25, *26, *27, and 

*35 allele frequencies were calculated only among the Black population (n=82); and CYP2A6*7, 

*8 and *10 allele frequencies were calculated only among the Asian subjects (n=4). Chi-tests 

were used to compare observed allele frequencies with allele frequencies previously reported in 

smoking populations of similar ethnicity. Observed allele frequencies were all similar to 

previously reported frequencies in smoking populations, except for CYP2A6*4, which had a 

significantly higher frequency in our current Caucasian population compared to previous 

findings by Malaiyandi et al. (2006) (1.1% vs 0.13%) (�2=5.78, df=1, p=0.02).  One possible 

reason for the increased frequency in our study is that we used a CYP2A6*4 assay that detects 

variants CYP2A6*4A, *4D and *4E, while Malaiyandi et al. (2006) used an assay that only 

detected CYP2A6*4A and *4D. The increased detection of CYP2A6*4 in our study was desired 

because the relatively low frequency reported by Malaiyandi et al. (2006) reduced their power to 

detect an effect of CYP2A6 on quitting rates with nicotine patch and spray.  
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CYP2A6*2 Assay 

 
 
 
 
 

 
CYP2A6*4 Assay 

 
 
 
 
 

 
CYP2A6*9 Assay 

 
 

 
 
 
 
 
Figure 3.1: Example photographs of 2nd amplification results for a CYP2A6*2, 
CYP2A6*4 and CYP2A6*9 genotyping assay. For each sample (S), the products from 
the reaction containing the primer set specific for the wildtype allele (CYP2A6*1) and for 
the variant allele were loaded sequentially (i.e. two lanes per sample). Amplification only 
in the 1st lane of each pair indicated that the individual did not have the variant allele. If 
amplification was present in both lanes, this indicated that the individual had at least 
one non-variant allele and variant allele. Amplification only in the 2nd lane of each pair 
indicated that the individual was homozygous for the CYP2A6 variant allele. A 1kb 
ladder (Fermentas) was loaded for each gel. Water was used as the negative control [(-) 
C] for all assays. DNA samples from a previously-established heterozygote variant 
individual, a homozygote variant individual, and an individual without the variant allele 
were used as positive controls [(+) C] for each reaction assay and loaded onto the gel. 
The rate of failed amplification of the control samples was less than 5%. 
(+) C = positive control; (-) C = negative control; S = sample 
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Table 3.1: Observed CYP2A6 allele frequencies amongst all participants (n=557) successfully genotyped for CYP2A6 
variants. The allele frequencies in our present study and in previous studies were reported and compared by Chi-test. 
 

Present study Previous studies (smoking populations) 
Allele 

Total alleles b Observed 
frequency (n) 

Total 
alleles 

Observed 
frequency Reference 

�
2 test 

p-value d  

1114 2.9% (32) - - - - 
942 (Caucasians) 3.3% (31) 788 2.0% (16) (Malaiyandi et al. 2006) 0.11 CYP2A6*2 

164 (Blacks) 0.6% (1) 1236 0.9% (11) (Ho et al. 2009) 0.71 
1114 1.1% (12) - - - - 

942 (Caucasians) 1.1% (10) 772 0.13% (1) (Malaiyandi et al. 2006) 0.02 CYP2A6*4 a 
164 (Blacks) 1.2%(2) 1236 1.9% (23) (Ho et al. 2009) 0.56 

CYP2A6*7 8 (Asians) 0% (0) 1846  9% (166) c (Mwenifumbo et al. 2005) 0.37 
CYP2A6*8 8 (Asians) 0% (0) 1846  0.05% (1) c (Mwenifumbo et al. 2005) 0.95 

1114 6.8% (76) - - - - 
942 (Caucasians) 6.7% (64) 766 8.0% (61) (Malaiyandi et al. 2006) 0.36 CYP2A6*9 

164 (Blacks) 7.3% (12) 1236 9.6% (119) (Ho et al. 2009) 0.34 
CYP2A6*10 8 (Asians) 0% (0) 1846  4% (75) c (Mwenifumbo et al. 2005) 0.52 

1114 1.0% (11) - - - - 
942 (Caucasians) 1.2% (11) 766 2.1% (16) (Malaiyandi et al. 2006) 0.13 CYP2A6*12 

164 (Blacks) 0% (0) 1236 0.4% (5) (Ho et al. 2009) 0.41 
CYP2A6*17 164 (Blacks) 11.0% (18) 1236 8.0% (99) (Ho et al. 2009) 0.20 
CYP2A6*20 164 (Blacks) 0.6% (1) 1236 1.5% (19) (Ho et al. 2009) 0.35 
CYP2A6*23 164 (Blacks) 1.8% (3) 1236 1.1% (14) (Ho et al. 2009) 0.44 
CYP2A6*24 164 (Blacks) 0% (0) 1236 0.7% (9) (Ho et al. 2009) 0.27 
CYP2A6*25 164 (Blacks) 0% (0) 1236 0.9% (11) (Ho et al. 2009) 0.23 
CYP2A6*26 164 (Blacks) 0.6% (1) 1236 0.7% (9) (Ho et al. 2009) 0.87 
CYP2A6*27 164 (Blacks) 0% (0) 1236 0.7% (9) (Ho et al. 2009) 0.27 
CYP2A6*35 164 (Blacks) 1.8% (3) 1236 2.9% (36) (Ho et al. 2009) 0.43 
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a The CYP2A6*4E assay was used in the present study, which detected variants *4A, *4D and *4E. The previous study in 
Caucasians by Malaiyandi et al. (2006) used a CYP2A6*4A&D assay, which detected *4A and *4D. 
 b The CYP2A6*2,*4, *9 and *12 allele frequencies were calculated among the total population (n=557), Caucasians (n=471), and 
Blacks (n=82). CYP2A6*7, *8 and *10 allele frequencies were calculated only among Asians (n=4). CYP2A6*17,*20,*23, *24, 
*25, *26, *27, and *35 allele frequencies were calculated only among Blacks (n=82).  
c These were pooled observations from a population of Chinese-Canadians and -Americans, Taiwanese, Korean-Americans and 
Japanese-Canadians. 
d The allele frequencies obtained in our Caucasian and Black populations were compared to previously reported frequencies in 
similar ethnic groups. 
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Table 3.2: Frequency of CYP2A6 genotypes and their associated baseline mean 3HC/COT ± SD among all participants 
(n=557). The baseline mean 3HC/COT for each genotype was calculated as a percentage of the CYP2A6*1/*1 group. 
 

Allele Genotype Observed 
frequency (n)  

Baseline mean 
3HC/COT a SD % Mean p-valueb 

Reference *1/*1 413 0.42 0.19 100% - 
*1/*2 22 0.26 0.14 62% CYP2A6*2 
*2/*2 3 0.11 0.08 26% 

<0.0001  
  

CYP2A6*4 *1/*4 9 0.31 0.17 75% 0.02 
*1/*9 63 0.29 0.21 69% CYP2A6*9 
*9/*9 4 0.15 0.07 35% 

<0.0001  
  

CYP2A6*12 *1/*12 11 0.21 0.09 50% <0.0001  
*1/*17 13 0.29 0.13 69% CYP2A6*17 

*17/*17 2 0.08 0.06 18% 
<0.0001  

  
CYP2A6*20 *1/*20 1 0.19 - 46% -  

*1/*23 1 0.14 - 34% CYP2A6*23 
*23/*23 1 0.51 - 122% 

0.25 
  

CYP2A6*35 *1/*35 2 0.40 0.15 95% 1.00 
*2/*9 1 0.65 - 156% 
*4/*9 1 0.04 - 10% 
*4/*12 1 0.02 - 5% 
*4/*26 1 0.02 - 5% 
*4/*35 1 0.07 - 17% 
*9/*17 1 0.12 - 29% 

 
Two or more different variant 

alleles 

*2/*2/*9 1 0.32 - 77% 

<0.0001  
  
  
  
  
  
  

 
a Baseline mean 3HC/COT ratios reported in the table were pre-log transformed. 
b For statistical analysis, the ratios were log-transformed to obtain normal distribution. ANOVA or student’s t-test were used to 
compare the log-transformed mean 3HC/COT ratio from each variant genotype to the reference group (composed of only 
CYP2A6*1/*1 individuals). Individuals with the CYP2A6*23 allele were grouped for analysis, as were individuals with two or more 
different variant alleles.  
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Individual genotype frequencies among all participants (n=557) are shown in Table 3.2. 

Genotype frequencies were calculated separately among Caucasians (n=471) and Blacks (n=82), 

and are shown in Table 3.3 and Table 3.4, respectively. The frequencies of each of the genotypes 

did not deviate significantly from Hardy-Weinberg equilibrium (�2 p>0.20). 

The observed CYP2A6 genotype group frequencies among all subjects was 74.7% NM, 

13.4% IM and 11.8% SM (Table 3.5). When the study group was divided into Caucasians and 

Blacks, there were significant differences in the proportion of metabolizer groups between these 

two populations (�2=35.06, df=2, p<0.0001). Caucasians were composed of 79.3% NM, 14.3% 

IM and 8.7% SM, while the Black group was 57.8% NM, 10.8% IM and 31.3% SM. Genotype 

group frequencies were similar to previously reported frequencies in Caucasian (�2=3.12, df=2, 

p=0.21) and Black smoking populations (�2=2.09, df=2, p=0.35). 

3.2 Participant Characteristics by Treatment Group and CYP2A6 Genotype Group 

Baseline participant characteristics for all subjects (n=568) and by treatment group (n=286 

for standard treatment, n=282 for extended treatment) are shown in Table 3.6. The student’ s t-

test was used to compare age, BMI, FTND scores, CPD, age of smoking initiation and baseline 

nicotine, COT and 3HC between the standard and extended treatment groups. The Chi-test was 

used to compare gender and proportion of metabolizer groups between the treatment groups. 

There were no significant differences in any baseline characteristics between treatment groups. 

From here on in, an additional combined group of IMs and SMs (termed reduced metabolizers, 

RM) was included in our analyses, given that RMs were included in our analysis of abstinence 

rates (section 3.6).1 Baseline participant characteristics for all participants (n=557) in each 

CYP2A6 genotype group are shown in Table 3.7, and only among Caucasians (n=468) in 

                                                 
1 The RM group was a pooled group of SMs and IMs, plus 5 individuals that could be either IM or SM due to 
incomplete genotyping (yet we still knew that they had at least one CYP2A6*9 or CYP2A6*12 variant). 
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Table 3.3: Frequency of CYP2A6 genotypes and their associated baseline mean 3HC/COT ± SD among Caucasians 
(n=471). The baseline mean 3HC/COT for each genotype was calculated as a percentage of the CYP2A6*1/*1 group. 
 

Allele Genotype Observed 
frequency (n) 

Baseline mean 
3HC/COT a SD % Mean p-valueb 

Reference *1/*1 362 0.42 0.19 100% - 
*1/*2 21 0.24 0.10 57% 

CYP2A6*2 
*2/*2 3 0.12 0.08 29% 

<0.0001 

CYP2A6*4 *1/*4 9 0.31 0.17 74% 0.01 
*1/*9 53 0.29 0.12 69% 

CYP2A6*9 
*9/*9 3 0.15 0.08 36% 

<0.0001 

CYP2A6*12 *1/*12 11 0.21 0.09 50% <0.0001 
*2/*9 1 0.65 - 155% 
*4/*9 1 0.04 - 10% 
*4/*12 1 0.02 - 5% 

 
Two or more different variant 

alleles 
*2/*2/*9 1 0.32 - 76% 

<0.0001 

 

a Baseline mean 3HC/COT ratios reported in the table were pre-log transformed. 
b For statistical analysis, the ratios were log-transformed to obtain normal distribution. ANOVA or student’s t-test were used to 
compare the log-transformed mean 3HC/COT ratio from each variant genotype to the reference group (composed of only 
CYP2A6*1/*1 individuals). Individuals with two or more different variant alleles were grouped for analysis. 
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Table 3.4: Frequency of CYP2A6 genotypes and their associated baseline mean 3HC/COT ± SD among Blacks (n=82). 
The baseline mean 3HC/COT for each genotype was calculated as a percentage of the CYP2A6*1/*1 group. 
 

Allele Genotype Observed 
frequency (n) 

Baseline mean 
3HC/COT a SD % Mean p-valueb 

Reference *1/*1 47 0.38 0.20 100% - 
CYP2A6*2 *1/*2 1 0.69 - 182% - 

*1/*9 9 0.28 0.12 74% 
CYP2A6*9 

*9/*9 1 0.13 - 34% 
0.04 

*1/*17 13 0.29 0.13 76% 
CYP2A6*17 

*17/*17 2 0.08 0.06 21% 
<0.0001 

CYP2A6*20 *1/*20 1 0.19 - 50% - 
*1/*23 1 0.14 - 37% 

CYP2A6*23 
*23/*23 1 0.51 - 134% 

0.50 

CYP2A6*35 *1/*35 2 0.40 0.15 105% 0.73 
*4/*26 1 0.02 - 5% 
*4/*35 1 0.07 - 18% 

 
Two or more different variant 

alleles *9/*17 1 0.12 - 32% 
<0.0001 

 

a Baseline mean 3HC/COT ratios reported in the table were pre-log transformed. 
b For statistical analysis, the ratios were log-transformed to obtain normal distribution. ANOVA or student’s t-test were used to 
compare the log-transformed mean 3HC/COT ratio from each variant genotype to the reference group (composed of only 
CYP2A6*1/*1 individuals). Individuals with a CYP2A6*9 or *23 allele were grouped for analysis, as were individuals with two or 
more different variant alleles.  
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Table 3.5: Frequency of CYP2A6 genotype groups among all partcipants (n=558), and among only Caucasian (n=471) 
and Black (n=83) participants. The genotype group frequencies in our present study and in previous studies were reported and 
compared by Chi-test. 
 

 

a Caucasians were grouped based on the CYP2A6*2, *4, *9 and *12 alleles.  
b Blacks were grouped based on the CYP2A6*2, *4, *9, *12, *17, *20, *23, *24, *25, *26, *27, and *35 alleles.  

c P-value reflects a comparison of the proportion of genotype groups among Caucasians to the proportion of genotype groups 
among Blacks in this study. 
d P-value reflects a comparison of the proportion of genotype groups among Caucasians in this study to the proportion of 
genotype groups among Caucasians in Malaiyandi et al. (2006). 
e P-value reflects a comparison of the proportion of genotype groups among Blacks in this study to the proportion of genotype 
groups among Blacks in Ho et al. (2009). 
 

 Present study Previous studies (smoking populations) 

Study 
participants 

Normal  
(n) 

Intermediate  
(n) 

Slow  
(n) 

X2 test 
p-value 

Normal  
(n) 

Intermediate  
(n) 

Slow  
(n) Reference 

�
2 test 

p-value 

All 74.7%  
(417) 

13.4% 
(75) 

11.8% 
(66) - - - - - - 

Caucasiansa 79.3%  
(365) 

14.3% 
(66) 

8.7% 
(40) 

78.4% 
(309) 

16.0% 
(63) 

5.6% 
(22) 

Malaiyandi et al. 
(2006) 0.21d 

Blacksb 57.8% 
(48) 

10.8% 
(9) 

31.3% 
(26) 

<0.0001c 
49.7% 
(246) 

14.9% 
(74) 

35.4% 
(175) Ho et al. (2009) 0.35e 
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Table 3.6: Baseline characteristics reported for the total study population and by treatment group. 

 All (n=568) Standard treatment 
(n=286) 

Extended treatment 
(n=282) p-value 

Characteristic Mean SD Mean SD Mean SD t-testa 

Age 44.8 10.3 44.9 10.4 44.8 10.2 0.94 

BMI 28.9 5.9 28.8 5.8 28.9 5.9 0.97 

FTND 5.3 2.1 5.3 2.1 5.2 2.2 0.84 

CPD 21.2 9.2 21.3 9.0 21.1 9.5 0.92 

Age of initiation 15.7 4.2 15.7 4.3 15.8 4.0 0.99 

Baseline nicotine (ng/mL) 17.8 9.2 17.8 8.5 17.8 9.9 0.99 

Baseline COT (ng/mL) 269 117 273 110 266 124 0.77 

Baseline 3HC (ng/mL) 99 61 103 60 95 61 0.52 

 �
2 testb 

% female 44.7% 45.1% 44.3% 0.85 

% CYP2A6 NM 74.8% 77.7% 71.9% 

% CYP2A6 IM 13.4% 12.2% 14.6% 

% CYP2A6 SM 11.8% 10.1% 13.5% 

% CYP2A6 RM 25.9% 23.1% 28.6% 

0.28 

a P-value reflects a comparison (by student’s t-test) of the baseline characteristic between standard and extended treatment 
groups. 
b P-value reflects a comparison (by Chi-test) of gender proportion or genotype group proportion between standard and extended 
treatment groups.
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Table 3.7: Baseline characteristics for the total study population (n=557) reported by CYP2A6 genotype group. 

 NM 
(n=413) 

IM 
(n=74) 

SM 
(n=65) 

RM  
(n=144)a p-value 

Characteristic Mean SD Mean SD Mean SD Mean SD ANOVAb Post-hoc 

Age 44.9 10.5 43.9 10.1 45.1 9.4 44.8 9.8 0.88  
BMI 28.8 5.8 28.6 5.7 30.1 6.5 29.2 6.0 0.36  

FTND 5.3 2.1 5.4 2.0 4.8 2.1 5.1 2.1 0.15  
CPD 21.7 9.4 21.6 9.2 17.9 7.8 20.0 8.8 0.01 <0.01 (NM vs SM) 

Age of initiation 16.0 4.4 14.8 3.3 15.2 3.3 15.0 3.3 0.01 <0.05 (NM vs RM) 

Baseline 
nicotine (ng/mL) 17.4 9.0 19.5 10.3 19.3 9.4 19.4 9.7 0.06  

Baseline COT 
(ng/mL) 268 118 288 115 259 112 276 115 0.44  

Baseline 3HC 
(ng/mL) 109 62 80 48 66 50 74 49 <0.0001 

<0.001 (NM vs SM) 
<0.001 (NM vs IM) 
<0.001 (NM vs RM) 

Baseline 
3HC/COTd 0.42 0.20 0.28 0.12 0.25 0.16 0.26 0.14 <0.0001 

<0.001 (NM vs SM) 
<0.001 (NM vs IM) 
<0.001 (NM vs RM) 
<0.05 (IM vs SM) 

 �
2 testc 

% female 45.0% 51.4% 49.2% 52.1% 0.43 
a RM genotype group was a pooled group of SMs and IMs, plus 5 individuals that were either IM or SM (unknown due to 
incomplete genotyping). 
b Baseline characteristics by genotype group were compared by ANOVA followed by Bonferroni’s multiple comparison test if 
ANOVA p<0.05.  
c Gender proportion by genotype group was compared by Chi-test. 
d Baseline 3HC/COT ratios reported in the table are pre-log transformed. For statistical analysis, ratios were log-transformed to 
obtain normal distribution. 
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Table 3.8. ANOVA followed by the Bonferroni’ s multiple comparison test was used to compare 

age, BMI, FTND scores, CPD, age of smoking initiation and baseline nicotine, COT and 3HC 

between the CYP2A6 metabolizer groups. The Chi-test was used to compare gender. Among all 

participants, there were significant differences in CPD (ANOVA p=0.01), age of smoking 

initiation (ANOVA p=0.01), baseline 3HC (ANOVA p<0.0001) and 3HC/COT (ANOVA 

p<0.0001) between genotype groups. Similar differences were found among Caucasians, except 

that in Caucasians there were no differences in CPD between genotype groups (ANOVA 

p=0.15). Differences in CPD, age of initiation and baseline 3HC will be discussed further in 

section 3.4.2, and differences in baseline 3HC/COT will be discussed further in section 3.3. 

3.3 Association of CYP2A6 activity with CYP2A6 Genotype Group 

The pre-log transformed 3HC/COT quartile means, medians and ranges for all subjects 

(N=568; n=142 per quartile) were as follows: Q1) 0.18, 0.20 (<0.26); Q2) 0.30, 0.30 (0.26-0.35); 

Q3) 0.40, 0.39 (0.35-0.47); and Q4) 0.63, 0.56 (>0.47) (Table 3.9A). For Caucasians, the pre-log 

transformed 3HC/COT quartile means, medians and ranges were as follows (N=478; n=119/120 

per quartile): Q1) 0.20, 0.21 (<0.27); Q2) 0.31, 0.31 (0.27-0.36); Q3) 0.41, 0.41 (0.36-0.48); and 

Q4) 0.63, 0.57 (>0.48) (Table 3.9B). 

The distribution of 3HC/COT ratios for each CYP2A6 genotype amongst all participants 

(n=556) is shown in Figure 3.2. The mean 3HC/COT ± SD for each CYP2A6 genotype for all 

subjects is summarized in Table 3.2, as well as separately for Caucasians in Table 3.3 and Blacks 

Table 3.4. The 3HC/COT ratios were not normally distributed and were log transformed for 

statistical analysis. ANOVA or student’ s t-test was used to compare the mean 3HC/COT for each 

variant genotype to the CYP2A6*1/*1 group. Among the total population and among Caucasians,
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Table 3.8: Baseline characteristics of Caucasians participants (n=468) reported by CYP2A6 genotype group. 

 NM 
(n=363) 

IM 
(n=65) 

SM 
(n=40) 

RM 
(n=110) a p-value 

Characteristic Mean SD Mean SD Mean SD Mean SD ANOVAb Post-hoc 

Age 44.7 10.6 43.2 9.9 45.1 9.6 44.4 9.9 0.72  
BMI 28.6 5.7 28.5 5.2 29.0 6.1 28.7 5.5 0.97  

FTND 5.3 2.2 5.4 2.1 4.6 2.1 5.1 2.1 0.17  
CPD 22.4 9.3 21.0 7.2 20.2 8.8 20.8 7.9 0.15  

Age of initiation 16.0 4.4 14.6 3.0 15.0 3.4 14.8 3.2 0.01 <0.05 (NM vs RM) 

Baseline 
nicotine (ng/mL) 17.6 8.2 19.1 10.2 21.3 9.2 19.9 9.6 0.02 >0.05 

Baseline COT 
(ng/mL) 267 115 276 114 267 112 274 114 0.91  

Baseline 3HC 
(ng/mL) 110 60 76 46 66 49 73 47 <0.0001 

<0.001 (NM vs SM) 
<0.001 (NM vs IM) 
<0.001 (NM vs RM) 

Baseline 
3HC/COT c 0.42 0.20 0.28 0.12 0.25 0.16 0.26 0.13 <0.0001 

<0.001 (NM vs SM) 
<0.001 (NM vs IM) 
<0.001 (NM vs RM) 
<0.05 (IM vs SM) 

 �
2 test c 

% female 42.4% 38.5% 42.5% 39.1% 0.89 
a RM genotype group was a pooled group of SMs and IMs, plus 5 individuals that were either IM or SM (unknown due to 
incomplete genotyping). 
b Baseline characteristics by genotype group were compared by ANOVA followed by Bonferroni’s multiple comparison test if 
ANOVA p<0.05.  
c Gender proportion by genotype group was compared by Chi-test. 
d Baseline 3HC/COT ratios reported in the table are pre-log transformed. For statistical analysis, ratios were log-transformed to 
obtain normal distribution.
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Table 3.9A: 3HC/COT quartiles for the total study population (n=568). For each 
quartile, the sample size, mean 3HC/COT, median 3HC/COT and upper and lower limits 
of 3HC/COT are shown. 
 

Quartile Sample size Mean 
3HC/COT 

Median 
3HC/COT Range 

1 142 0.18 0.20 <0.26 

2 142 0.30 0.30 0.26 - 0.35 

3 142 0.40 0.39 0.35 - 0.47 

4 142 0.63 0.56 >0.47 

 
 
Table 3.9B: 3HC/COT quartiles for the Caucasian population (n=478). For each 
quartile, the sample size, mean 3HC/COT, median 3HC/COT and upper and lower limits 
of 3HC/COT are shown. 
 
 

Quartile Sample size Mean 
3HC/COT 

Median 
3HC/COT Range 

1 119 0.20 0.21 <0.27 

2 120 0.31 0.31 0.27 - 0.36 

3 120 0.41 0.41 0.36 - 0.48 

4 119 0.63 0.57 >0.48 
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Figure 3.2: 3HC/COT ratios by CYP2A6 genotype among all participants (n=556). Each dot represents the pre-log 
transformed 3HC/COT ratio for an individual, and the line indicates the mean 3HC/COT ratio for genotypes with two or more 
individuals. Refer to Table 3.2 for mean 3HC/COT ± SD values and ANOVA p-values for comparisons between variant 
genotypes and CYP2A6*1/*1 (reference group). 
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mean 3HC/COT was significantly lower for genotypes with CYP2A6*2 (ANOVA p<0.0001), 

CYP2A6*4 (ANOVA p<0.02), CYP2A6*9 (ANOVA p<0.0001), CYP2A6*12 (t-test p<0.0001), 

and for those with two or more different variant alleles (t-test p<0.0001).  Among the Black 

population, mean 3HC/COT was significantly lower for genotypes with CYP2A6*9 (t-test 

p<0.0001), CYP2A6*17 (ANOVA p<0.0001), and for those with two or more different variant 

alleles (t-test p<0.0001). However, 3HC/COT ratios for individuals with CYP2A6*23 and 

CYP2A6*35 variants did not differ significantly from CYP2A6*1/*1 individuals (t-test p>0.5). 

The mean 3HC/COT ratio ± SD for each CYP2A6 genotype group with all subjects (n=556) 

was 0.42 ± 0.20 for NMs, 0.28 ± 0.12 for IMs, 0.25 ± 0.16 for SMs, and 0.26 ± 0.14 for RMs  

(Figure 3.3).  For statistical analysis, the ratios were log transformed to obtain a normal 

distribution (a scatterplot of log (3HC/COT + 1) ratios for each CYP2A6 genotype group is 

shown in Figure 3.4) and ANOVA followed by Bonferroni’ s multiple comparison tests were 

used to compare the three groups. NMs had significantly higher 3HC/COT compared to IMs 

(p<0.001), SMs (p<0.001), and RMs (p<0.001), and IMs had modestly, but significantly higher 

3HC/COT compared to SMs (p<0.05). This is consistent with findings by Ho et al. (2009). 

However, Malaiyandi et al. (2006) detected significant differences in ratio only between NMs 

and SMs, which may have been due to their smaller sample size composed of only Caucasians 

(n=394) and therefore fewer SMs and IMs (although, analysis among our Caucasian population 

(n=471) also revealed significant differences between NM vs IMs, NMs vs SMs and NMs vs 

RMs (p<0.001).  
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Figure 3.3: Among all participants (n=556), NMs had higher pre-log transformed 
3HC/COT compared to IMs, SMs, and RMs, while IMs had modestly higher pre-log 
transformed 3HC/COT compared to SMs. Each dot represents the pre-log 
transformed 3HC/COT ratio for an individual, and the line represents the mean 
3HC/COT ratio for each genotype group. Mean 3HC/COT ± SD for all genotype groups 
was 0.42 ± 0.20 for NMs, 0.28 ± 0.12 for IMs, 0.25 ± 0.16 for SMs, and 0.26 ± 0.14 for 
RMs. For statistical analysis, the ratios were log-transformed to obtain normal 
distribution. NMs had higher 3HC/COT compared to IMs (p<0.001), SMs (p<0.001), and 
RMs (p<0.001), and IMs had higher 3HC/COT compared to SMs (p<0.01). Among 
Caucasians (n=471; not shown separately in this figure), mean 3HC/COT ± SD was 
0.42 ± 0.20 for NMs (n=362), 0.28 ± 0.12 for IMs (n=64), 0.25 ± 0.16 for SMs (n=40), 
and 0.26 ± 0.13 for RMs (n=109), with statistical differences between NMs vs IMs 
(p<0.001), NMs vs SMs (p<0.001), NMs vs RMs (p<0.001), and IMs vs SMs (p<0.05). 
ANOVA followed by Bonferroni’s multiple comparison tests were used to compare 
groups.  
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Figure 3.4: Among all participants (n=556), NMs had higher log transformed 
3HC/COT compared to IMs, SMs, and RMs, while IMs had modestly higher log 
transformed 3HC/COT compared to SMs. Each dot represents the log (3HC/COT + 1) 
ratio for an individual, and the line represents the mean log (3HC/COT + 1) ratio for 
each genotype group. Mean log (3HC/COT + 1) ± SD for all genotype groups was 0.15 
± 0.05 for NMs, 0.10 ± 0.04 for IMs, 0.09 ± 0.05 for SMs, and 0.10 ± 0.05 for RMs. Log 
(3HC/COT) values were used for statistical analysis. NMs had significantly higher 
3HC/COT compared to IMs (p<0.001), SMs (p<0.001), and RMs (p<0.001), and IMs 
had significantly higher 3HC/COT compared to SMs (p<0.05). Among Caucasians 
(n=471; not shown separately in this figure), mean log (3HC/COT + 1) ± SD was 0.15 ± 
0.05 for NMs (n=362), 0.10 ± 0.04 for IMs (n=64), 0.09 ± 0.05 for SMs (n=40), and 0.10 
± 0.04 for RMs (n=109), with statistical differences between NMs vs IMs, NMs vs SMs, 
and NMs vs RMs (p<0.001). ANOVA followed by Bonferroni’s multiple comparison tests 
were used to compare groups.  
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3.4 Smoking Variables 

3.4.1 Impact of 3HC/COT 

The association of 3HC/COT with baseline smoking variables within this study’ s smoking 

population has been published (Schnoll et al. 2009). The baseline log-3HC/COT ratio was 

significantly correlated with baseline CPD (r=0.11, p=0.01) and baseline plasma nicotine (r=-

0.21, p<0.001), but not to baseline nicotine dependence scores with FTND (r=0.04, p>0.05). 

These findings agree with previous reports (Lerman et al. 2006). In addition, baseline log-

3HC/COT did not correlate with number of previous quit attempts (r=0.04, p>0.05). 

3.4.2 Impact of CYP2A6 Genotype 

Smoking variables for all genotype groups were compared via ANOVA followed by 

Bonferroni’ s multiple comparisons tests. Among all participants (n=557) , the number of CPD at 

baseline (mean ± SD) was 21.7 ± 9.4 for NMs, 21.6 ± 9.2 for IMs, 17.9 ± 7.8 for SMs, and 20.0 

± 8.8 for RMs (Figure 3.5). Consistent with previous studies (Rao et al. 2000; Schoedel et al. 

2004; Malaiyandi et al. 2006), SMs smoked significantly fewer CPD compared to NMs 

(p<0.01). Among our Caucasian population (n=473), SMs also smoked fewer CPD than NMs, 

however this difference was not significant (shown in Table 3.8). FTND scores (mean ± SD) 

among all participants was 5.3 ± 2.1 for NMs, 5.4 ± 2.0 for IMs, 4.8 ± 2.1 for SMs, and 5.1 ± 2.1 

for RMs (shown in Table 3.7). Similar FTND scores were found in Caucasians (shown in Table 

3.8). Consistent with previous findings, there were no differences in mean scores between 

genotype groups (ANOVA p=0.15) (Malaiyandi et al. 2006). 

Among all participants (n=557), there were no significant differences in baseline plasma 

nicotine and COT levels between genotype groups (ANOVA p=0.06 and p=0.44, respectively), 

however NMs had significantly higher baseline 3HC levels compared to IMs (p<0.001), SMs  
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Figure 3.5: Among all participants (n=557), NMs smoked more CPD at baseline 
compared to SMs. Each dot represents number of CPD smoked for an individual, and 
the line represents the mean CPD for each genotype group. Mean CPD ± SD was 21.7 
± 9.4 for NMs, 21.6 ± 9.2 for IMs, 18.0 ± 7.8 for SMs, and 20.0 ± 8.8 for RMs. SMs 
smoked significantly fewer CPD compared to NMs (p<0.01). Among Caucasians 
(n=473; not shown separately in this figure), mean CPD ± SD was 22.4 ± 9.3 for NMs 
(n=363), 21.0 ± 7.2 for IMs (n=65), 20.2 ± 8.8 for SMs (n=40), and 20.8 ± 7.9 for RMs 
(n=110), with no statistical differences between genotype groups. ANOVA followed by 
Bonferroni’s multiple comparison tests were used to compare groups. 
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(p<0.001), and RMs (p<0.001) (shown in TABLE 3.7). Similar differences were found in 

Caucasians (for nicotine levels, ANOVA p=0.02 but post-hoc analyses did not reveal any group 

differences; shown in Table 3.8). The differences between NMs, IMs and SMs are consistent 

with previous findings by Malaiyandi et al. (2006).  

When differences in age of smoking initiation (mean ± SD) was compared between genotype 

groups, NMs had a higher age compared to RMs (p<0.05) among all participants (shown in 

Table 3.7) and among Caucasians (shown in Table 3.8). Previous studies did not find differences 

in age of initiation between genotype groups (Malaiyandi et al. 2006). 

3.5 Treatment Variables 

3.5.1 Impact of 3HC/COT 

The association of 3HC/COT with nicotine patch treatment variables was assessed after one 

week of treatment and the findings have been published (Schnoll et al. 2009). Among week 1 

abstainers only (carbon monoxide � 10 ppm), the baseline log-3HC/COT ratio was related to 

plasma nicotine levels obtained from nicotine patch (r=-0.17, p<0.01). This finding is consistent 

with findings by Lerman et al. (2006). At week 1 of patch treatment, log-3HC/COT ratio was not 

associated with patch use (r=0.07, p>0.05), patch-related side-effects (r=-0.02, p>0.05), nicotine 

withdrawal (r=-0.02, p>0.05), nicotine craving (r=-0.02, p>0.05), negative affect (r=0.02, 

p>0.05) or positive affect (r=-0.03, p>0.05). A previous study found that log-3HC/COT was 

significantly associated with intensity of craving for cigarettes, but not with patch use, side-

effects, or withdrawal symptoms during nicotine patch treatment (Lerman et al. 2006). 

3.5.2 Impact of CYP2A6 Genotype 

Plasma nicotine and COT levels obtained from patch treatment were measured in all 

participants at week 1, and only those considered abstinent (carbon monoxide � 10 ppm) were 
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included in analysis. One Caucasian participant in the IM group (with genotype *1/*12) had a 

very high nicotine level of 177 ng/mL (11x higher than the total population mean, 9x higher than 

and 9 SDs away from the IM mean), most likely due to an error in assessment or contamination, 

and therefore was removed from the analysis of nicotine levels obtained from patch (once 

removed, the sample was 23 SDs away from the new IM mean). Plasma nicotine levels obtained 

from patch treatment were assessed by CYP2A6 genotype and genotype group among the total 

population, and separately among Caucasians and Blacks. Plasma cotinine levels obtained from 

patch treatment were assessed only be genotype group among the total population and 

Caucasians.  

The plasma nicotine levels obtained from patch (mean ± SD) for each CYP2A6 genotype and 

genotype group is summarized among all participants (Table 3.10), and separately among 

Caucasians (Table 3.11) and Blacks (Table 3.12). ANOVA or student’ s t-test was used to 

compare the mean nicotine levels for each variant genotype to the CYP2A6*1/*1 group. ANOVA 

followed by Bonferroni’ s multiple comparisons test was used to compared nicotine levels 

between genotype groups. Among all participants (n=374), the mean nicotine levels were 

significantly higher for genotypes with CYP2A6*2 (ANOVA p=0.03) and CYP2A6*17 (t-test 

p<0.0001). Among genotype groups (n=378), plasma nicotine levels (mean ± SD) for NMs, IMs, 

SMs and RMs were 15.3 ± 7.8 ng/mL, 16.9 ± 7.1 ng/mL, 20.9 ± 10.2 ng/mL,  and 18.7 ± 8.7 

ng/mL, respectively (displayed in Figure 3.6). NMs had significantly lower plasma nicotine 

levels compared to SMs (p<0.001) and RMs (p<0.01). Among Caucasians (n=321), the mean 

nicotine levels obtained from patch were higher for genotypes with CYP2A6*2, CYP2A6*4, 

CYP2A6*9, CYP2A6*12, and those with two or more variant alleles (only CYP2A6*4/*9 and 

CYP2A6 *4/*12), with significant differences only for genotypes with two or more variants  
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Table 3.10: The mean plasma nicotine ± SD (ng/mL) by CYP2A6 genotype among all abstinent participants at week 
1(n=374). The mean plasma nicotine level for each genotype was calculated as a percentage of the CYP2A6*1/*1 group. The 
mean plasma nicotine for each genotype group was calculated as a percentage of the NM group. 

Allele Genotype Frequency (n)  Mean nicotine (ng/mL) SD (ng/mL) % Mean p-valuea 

Reference *1/*1 273 15.3 7.8 100% - 
*1/*2 14 20.4 10.9 134% CYP2A6*2 
*2/*2 3 20.6 4.1 135% 

0.03 

CYP2A6*4 *1/*4 8 15.8 9.4 103% 0.85 
*1/*9 45 16.7 7.1 109% CYP2A6*9 
*9/*9 3 18.5 4.7 121% 

0.42 

CYP2A6*12 *1/*12 9 18.0 7.7 118% 0.30 
*1/*17 9 28.6 8.9 187% CYP2A6*17 

*17/*17 1 27.2 - 178% 
<0.0001 

CYP2A6*20 *1/*20 1 12.7 - 83% -  
CYP2A6*23 *1/*23 1 14.6 - 96% - 
CYP2A6*35 *1/*35 1 17.4 - 114% - 

*2/*9 1 13.2 - 86% 
*4/*9 1 49.1  322% 

*4/*12 1 19.3  126% 
*4/*35 1 12.2 - 80% 
*9/*17 1 17.8 - 117% 

 
Two or more different 

variant alleles 

*2/*2/*9 1 12.8 - 84% 

0.10 

 p-valueb 
NM 273 15.3 7.8 100% - 
IM 54 16.9 7.1 111% >0.05 
SM 47 20.9 10.2 137% <0.001 

Genotype Group 

RM 105 18.7 8.8 122% <0.01 
a ANOVA or student’s t-test were used to compare the mean nicotine from each variant genotype to the reference group 
(composed of only CYP2A6*1/*1 individuals). Individuals with the CYP2A6*17 allele were grouped for analysis, as were 
individuals with two or more different variant alleles.  
b ANOVA followed by Bonferroni’s multiple comparisons test was used to compare mean nicotine between genotype groups. The 
post-hoc p-value for comparisons to the NM group was reported in the table. 
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Table 3.11: The mean plasma nicotine ±  SD (ng/mL) by CYP2A6 genotype among abstinent Caucasians at week 1 
(n=321). The mean plasma nicotine for each genotype was calculated as a percentage of the CYP2A6*1/*1 group. The mean 
plasma nicotine for each genotype group was calculated as a percentage of the NM group. 
 

Allele Genotype Frequency (n) Mean nicotine (ng/mL) SD (ng/mL) % Mean p-valuea 

Reference *1/*1 243 15.0 7.3 100% - 
*1/*2 13 18.7 9.1 125% CYP2A6*2 
*2/*2 3 20.6 4.1 138% 

0.09 

CYP2A6*4 *1/*4 8 15.8 9.4 105% 0.76 
*1/*9 38 17.2 6.9 115% CYP2A6*9 
*9/*9 3 18.5 4.7 123% 

0.16 

CYP2A6*12 *1/*12 9 18.0 7.7 120% 0.22 
*2/*9 1 13.2 - 88% 
*4/*9 1 49.1 - 328% 
*4/*12 1 19.3 - 129% 

 
Two or more different 

variant alleles 
*2/*2/*9 1 12.8 - 85% 

0.02 

 p-valueb 
NM 243 15.0 7.3 100% - 
IM 47 17.3 7.0 116% >0.05 
SM 30 18.6 9.7 124% >0.05 

Genotype Group 

RM 81 17.8 8.0 119% <0.05 
a ANOVA or student’s t-test were used to compare the mean nicotine from each variant genotype to the reference group 
(composed of only CYP2A6*1/*1 individuals). Individuals with two or more different variant alleles were grouped for analysis.  
b ANOVA followed by Bonferroni’s multiple comparisons test was used to compare mean nicotine between genotype groups. The 
post-hoc p-value for comparisons to the NM group was reported in the table. 
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Table 3.12: The mean plasma nicotine ± SD (ng/mL) by CYP2A6 genotype among abstinent Blacks at week 1 (n=53). The 
mean plasma nicotine for each genotype was calculated as a percentage of the CYP2A6*1/*1 group. The mean plasma nicotine 
for each genotype group was calculated as a percentage of the NM group. 
 

Allele Genotype Frequency (n) Mean nicotine (ng/mL) SD (ng/mL) % Mean p-valuea 

Reference *1/*1 29 17.8 11.4 100% - 
CYP2A6*2 *1/*2 1 42.8 - 241% - 

*1/*9 7 13.9 8.0 78% CYP2A6*9 
*9/*9 1 22.5 - 124% 

0.53 

*1/*17 9 28.6 8.9 161% CYP2A6*17 
*17/*17 1 27.2 - 153% 

0.01 

CYP2A6*20 *1/*20 1 12.7 - 71% - 
CYP2A6*23 *1/*23 1 14.6 - 82% - 
CYP2A6*35 *1/*35 1 17.4  98% - 

*4/*35 1 12.2 - 69% Two or more different 
variant alleles *9/*17 1 17.8 - 100% 

0.74 

 p-valueb 
NM 29 14.1 16.0 100% - 
IM 7 24.4 12.0 174% >0.05 
SM 17 23.4 9.2 166% >0.05 

Genotype Group 

RM 24 23.7 9.8 168% <0.05 
a ANOVA or student’s t-test were used to compare the mean nicotine from each variant genotype to the reference group 
(composed of only CYP2A6*1/*1 individuals). Individuals with a CYP2A6*9 or *17 allele were grouped for analysis, as were 
individuals with two or more different variant alleles.  
b ANOVA followed by Bonferroni’s multiple comparisons test was used to compare mean nicotine between genotype groups. The 
post-hoc p-value for comparisons to the NM group was reported in the table. 
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Figure 3.6: Among all abstinent participants at week 1 (n=378), SMs and RMs 
obtained higher plasma nicotine levels with nicotine patch compared to NMs. 
Only those considered abstinent (carbon monoxide � 10 ppm) were included in analysis. 
Plasma nicotine levels (mean ± SD) for NMs, IMs, SMs and RMs were 15.3 ± 7.8 
ng/mL, 16.9 ± 7.1 ng/mL, 20.9 ± 10.2 ng/mL, and 18.7 ± 8.7 ng/mL, respectively. 
Plasma nicotine levels differed significantly between NMs vs SMs (p<0.001), and NMs 
vs RMs (p<0.01). Among Caucasians (n=324; not shown separately in this figure), 
plasma nicotine levels (mean ± SD) were 15.0 ± 7.3 ng/mL for NMs (n=243), 17.3 ± 7.0 
ng/mL for IMs (n=47), 18.6 ± 9.7 ng/mL for SMs (n=30), and 17.8 ± 8.0 ng/mL for RMs 
(n=81), with statistical differences between NMs vs RMs (p<0.05). ANOVA followed by 
Bonferroni’s multiple comparison tests were used to compare groups. 
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(p=0.02) (Table 3.11). Among genotype groups (n=324), plasma nicotine levels were 15.0 ± 7.3 

ng/mL for NMs, 17.3 ± 7.0 ng/mL for IMs, 18.6 ± 9.7 ng/mL for SMs, and 17.8 ± 8.0 ng/mL for 

RMs, where NMs had lower plasma nicotine levels compared to RMs (p<0.05). These findings 

for our Caucasian population are in contrast to Malaiyandi et al. (2006), where SMs had 

significantly higher nicotine levels compared to NMs. Among our Black population (n=53), the 

mean nicotine levels were higher for CYP2A6*1/*2, CYP2A6*9/*9, and genotypes with 

CYP2A6*17, with significant differences only for the CYP2A6*17 genotypes (Table 3.12). When 

analyzed between genotype groups (n=53), plasma nicotine levels were 14.1 ± 16.0 ng/mL for 

NMs, 24.4 ± 12.0 ng/mL for IMs, 23.4 ± 9.2 ng/mL for SMs, and 23.7 ± 9.8 ng/mL for RMs, 

where NMs had lower plasma nicotine levels compared to RMs (p<0.05). 

Plasma COT levels were assessed between genotype groups, and ANOVA followed by 

Bonferroni’ s multiple comparisons test was used for comparisons. Among the total population 

(n=380), the COT levels obtained from patch (mean ± SD) for NMs, IMs, SMs and RMs were 

199.3 ± 88.8 ng/mL,  234.6 ± 110.6 ng/mL, 264.5 ± 175.0 ng/mL, and 249.7 ± 141.4 ng/mL, 

respectively (Figure 3.7). NMs had significantly lower COT levels compared to SMs (p<0.01) 

and RMs (p<0.001). Among Caucasians (n=326), plasma COT levels were 193.5 ± 83.1 ng/mL 

for NMs, 227.1 ± 88.4 ng/mL for IMs, 213.8 ± 103.9 ng/mL for SMs, and 225.0 ± 93.0 ng/mL 

for RMs. Unlike for all participants, Caucasian NMs had lower COT levels only compared to 

RMs (p<0.05). Our findings for COT levels obtained from patch treatment in Caucasians are 

consistent with previous findings, where Malaiyandi et al. (2006) did not find differences in 

COT levels between genotype groups. 
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Figure 3.7: Among all abstinent participants at week 1 (n=380), SMs and RMs 
obtained higher plasma COT levels with nicotine patch compared to NMs. Only 
those considered abstinent (carbon monoxide � 10 ppm) were included in analysis. 
Plasma COT levels (mean ± SD) for NMs, IMs, SMs and RMs were 199.3 ± 88.8 ng/mL, 
234.6 ± 110.6 ng/mL, 264.5 ± 175.0 ng/mL, and 249.7 ± 141.4 ng/mL, respectively. 
COT levels were significantly higher in SMs versus NMs (p<0.01) and RMs versus NMs 
(p<0.001). Among Caucasians (n=326; not shown separately in this figure), plasma 
COT levels (mean ± SD) were 193.5 ± 83.1 ng/mL for NMs (n=244), 227.1 ± 88.4 ng/mL 
for IMs (n=48), 213.8 ± 103.9 ng/mL for SMs (n=30), and 225.0 ± 93.0 ng/mL for RMs 
(n=82), with statistical differences between NMs vs RMs (p<0.05). ANOVA followed by 
Bonferroni’s multiple comparison tests were used to compare groups. 
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3.6 Abstinence rates  

All participants in both the standard and extended treatment groups received nicotine 

treatment for the first 8 weeks. After 8 weeks of nicotine patch therapy, participants in the 

standard treatment group received 16 weeks of placebo patch, while participants in the extended 

treatment group continued to receive nicotine patch for 16 weeks. Carbon monoxide-verified 

point prevalence abstinence for all participants was assessed during treatment at 8 weeks and 

EOT (24 weeks), and at participant follow-up sessions at 28 weeks and 52 weeks. Participants 

were counted as abstinent if they reported smoking no cigarettes in the 7 days prior to the given 

time point, and if they provided a breath sample with a carbon monoxide level of 10 ppm or less. 

3.6.1 Overall Abstinence 

A time-line of total abstinence rates for both standard and extended treatment among all 

participants is shown in Figure 3.8. To compare abstinence rates between treatment arms, Chi-

tests were used to compute odds ratios and 95% confidence intervals (Table 3.13A for all 

participants; Table 3.13B for Caucasians). It was hypothesized that participants on extended 

treatment would have significantly higher EOT (24 weeks) and long-term quit rates compared to 

participants on standard treatment. When comparing quitting success of the extended treatment 

group to the standard treatment group among all participants (n=557), there were no differences 

at week 1 (69.6% vs 68.7%) (OR=1.04, [95% CI: 0.73 – 1.49], p=0.82) or week 8 (35.5% vs 

29.9%) (OR=1.29, [95% CI: 0.91 – 1.84], p=0.16), as expected given the identical treatment 

until week 8. However, EOT (24 weeks) quit rates for extended treatment were significantly 

higher compared to standard treatment (31.5% vs 20.3%) (OR=1.81, [95% CI: 1.23 – 2.66], 

p=0.003), as expected given that the standard treatment group had been receiving 16 weeks of 

placebo patch from week 8 until EOT (24 weeks). Quit rates decreased and no longer remained 
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Figure 3.8: Among all participants (n=557), extended nicotine patch therapy increased abstinence rates at 24 weeks, but 
not at 28 or 52 weeks, compared to standard therapy. Statistical analysis is shown in Table 3.10A. As expected, there were 
no differences in quit rates at 8 weeks (p=0.16), and quit rates were higher at 24 weeks (EOT) with extended vs standard 
treatment (p=0.003). At 28 weeks, the difference in quit rates narrowed (p=0.13). There were no long-term differences (52 
weeks) (p=0.88). 
TQD = target quit date; EOT = end-of-treatment. 
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Table 3.13A: Odds ratios comparing successful quitting of all smokers (n=557) 
receiving extended treatment to standard treatment. As expected, there were no 
differences in quit rates at 8 weeks, but they were higher at 24 weeks (EOT) with 
extended vs standard treatment. Extended treatment still produced higher quit rates are 
28 weeks, but the difference compared to standard treatment was not significant. There 
were no long-term differences in abstinence at 52 weeks. 
 

Time-point Odds Ratio 95% Confidence 
Interval 

�
2 test 

p-value 

TQD - - - 

1 week 1.04 0.73 – 1.49 0.82 

8 weeks 1.29 0.91 – 1.84 0.16 

24 weeks (EOT) 1.81 1.23 – 2.66 0.003 

28 weeks 1.39 0.91 – 2.13 0.13 

52 weeks 0.96 0.60 – 1.55 0.88 
TQD = target quit date; EOT = end-of-treatment 
 

 
Table 3.13B: Odds ratios comparing successful quitting of Caucasian smokers 
(n=473) receiving extended treatment to standard treatment.  
 

Time-point Odds Ratio 95% Confidence 
Interval 

�
2 test 

p-value 

TQD - - - 

1 week 0.97 0.65 – 1.43 0.86 

8 weeks 0.91 0.62 – 1.33 0.63 

24 weeks (EOT) 1.92 1.26 – 2.94 0.002 

28 weeks 1.43 0.90 – 2.28 0.13 

52 weeks 0.91 0.54 – 1.52 0.71 
TQD = target quit date; EOT = end-of-treatment 
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significantly different at 28 weeks (21.4% vs 16.4%) (OR=1.39, [95% CI: 0.91 – 2.13], p=0.13) 

or 52 weeks (14.1% vs 14.6%) (OR=0.96, [95% CI: 0.60 – 1.55], p=0.88). Similar results were 

obtained in the Caucasian population (n=473). 

3.6.2 Abstinence Rates by 3HC/COT and CYP2A6 Genotype 

The 3HC/COT for all participants was categorized by quartiles of activity (shown earlier in 

Table 3.9), where those with low CYP2A6 activity represented the 1st quartile (Q1) and those 

with high CYP2A6 activity represented the 4th quartile (Q4). For purposes of analysis, Q1 

abstinence was compared to abstinence of a pooled group of Q2, Q3 and Q4 (pooled due to no 

differences in abstinence between Q2, Q3 and Q4 at all time-points). To assess abstinence rates 

between genotype groups, the IMs were pooled with the SMs into a reduced metabolizer (RM) 

group, and comparisons were made between the RM group and the NM group. The IMs were 

pooled with SMs because they displayed similar degrees of reduction in 3HC/COT (refer to 

Figure 3.3), and they had similar levels of nicotine obtained from nicotine patch treatment, 

suggesting a similar pharmacokinetic impact. In addition, together the IMs and SMs composed 

26% of the study population, which is similar to 3HC/COT Q1 (25% of study population). 

However, the 3HC/COT quartile groupings (Q1 and Q2-Q4) were only similar, but not identical, 

to the genotype groupings (RM and NM), considering that Q1 was composed of 55% RM and 

Q2-Q4 was composed of 84% NM (similarly, 53% of RM was in Q1 and 85% of NM was in Q2-

Q4). 

All participants in both the standard and extended treatment groups received nicotine 

treatment for the first 8 weeks. Therefore, total 8-week abstinence (standard and extended 

treatment groups combined) was compared between Q1 vs Q2-Q4 and RM vs NM. Among all 

participants, Q1 had significantly higher 8-week abstinence (42.3% vs 28.8%) (OR=1.81, [CI: 
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1.22 – 2.69], p=0.003). This finding has been published in Schnoll et al. (2009). Similarly, in our 

Caucasian population Q1 had significantly higher 8-week abstinence (42.5% vs 27.6%) 

(OR=1.95, [CI: 1.25 – 3.04], p=0.003), which is consistent with Lerman et al. (2006), where 

abstinence at the end of an 8-week treatment phase in Caucasians was significantly higher for Q1 

compared to Q4 (46.3% vs 27.7%). However, when total 8-week abstinence of RMs was 

compared to total abstinence of NMs among all participants, RMs had higher abstinence than 

NMs (37.5% vs 31.8%), but the differences were not significant (OR=1.34, [CI: 0.90 – 1.99], 

p=0.152). Similarly, in our Caucasian population RMs had higher abstinence than NMs (36.3% 

vs 29.8%), but the differences were not significant (OR=1.35, [CI: 0.86 – 2.11], p=0.19). All 

further analyses between groups focused on subsequent time points when the treatments 

diverged. 

After 8 weeks of nicotine patch therapy, participants in the standard treatment group 

received 16 weeks of placebo patch, while participants in the extended treatment group 

continued to receive nicotine patch for 16 weeks. Abstinence rates for all participants in the 

extended treatment group, stratified by 3HC/COT quartile and by CYP2A6 genotype, are shown 

in Figure 3.9. To compare abstinence rates between 3HC/COT quartiles and between genotype 

groups, Chi-tests were used to compute odds ratios and 95% confidence intervals (Table 3.14A 

for all participants; Table 3.14B for Caucasians). It was hypothesized that given extended 

treatment, participants with slow CYP2A6 activity (i.e. those in Q1 and/or those in the RM 

group) would have greater quit rates (throughout treatment, at EOT (24 weeks) and follow-up) 

compared to participants with high CYP2A6 activity (i.e. those in Q2-Q4 and/or those in the NM 

group). Stratifying by either 3HC/COT or genotype, those with reduced CYP2A6 activity had 
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higher quit rates than those with normal CYP2A6 activity, reaching significance only in the 

3HC/COT groupings.  Among all participants, the abstinence rate was significantly higher for 
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Figure 3.9: Among all participants on extended nicotine patch therapy, those in Q1 had higher abstinence rates at 
weeks 8, 24 (EOT) and 28 compared to those in Q2-Q4. No significant differences were detected between RM and NM 
groups. Statistical analysis is shown in Table 3.12A. As expected, Q1 had significantly higher abstinence compared to Q2-Q4 at 
8 weeks (p=0.003), 24 weeks (EOT) (p=0.001) and 28 weeks (p=0.001). There were no long-term differences at 52 weeks 
(p=0.09). RMs had higher quit rates at 8 weeks and 24 weeks compared to NMs, but differences were not significant (p>0.10). 
There were no differences at follow-up (p>0.70). 
EOT = end-of-treatment. 
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Table 3.14A: Odds ratios for successful quitting among all participants on 
extended patch therapy, comparing Q1 to Q2-Q4, and RMs to NMs. As expected, 
Q1 had significantly higher abstinence compared to Q2-Q4 at 8 weeks, EOT (24 weeks) 
and 28 weeks. There were no long-term differences at 52 weeks. RMs had higher quit 
rates at 8 weeks and EOT (24 weeks) compared to NMs, but differences were not 
significant. RMs had similar quit rates to NMs at 28 weeks and 52 weeks. 
 

 3HC/COT CYP2A6 Genotype 

Time-point Odds 
Ratio 

95% 
Confidence 

Interval 

�
2 test 

p-value 
Odds 
Ratio 

95% 
Confidence 

Interval 

�
2 test 

p-value 

8 weeks 2.25 1.32 – 3.84 0.003 1.46 0.85 – 2.49 0.17 

24 weeks 
(EOT) 2.61 1.51 – 4.50 0.001 1.50 0.87 – 2.60 0.14 

28 weeks 2.76 1.52 – 5.02 0.001 1.12 0.60 – 2.11 0.72 

52 weeks 1.80 0.90 – 3.59 0.09 1.13 0.54 – 2.36 0.75 

EOT = end-of-treatment 
 
 
Table 3.14B: Odds ratios for successful quitting among Caucasians on extended 
patch therapy, comparing Q1 to Q2-Q4, and RMs to NMs.  
 

 3HC/COT CYP2A6 Genotype 

Time-point Odds 
Ratio 

95% 
Confidence 

Interval 

�
2 test 

p-value 
Odds 
Ratio 

95% 
Confidence 

Interval 

�
2 test 

p-value 

8 weeks 2.16 1.17 – 3.97 0.01 1.35 0.73 – 2.49 0.34 

24 weeks 
(EOT) 2.79 1.51 – 5.14 0.0008 1.79 0.97 – 3.30 0.06 

28 weeks 3.23 1.65 – 6.32 0.0004 1.13 0.56 – 2.29 0.73 

52 weeks 2.09 0.97 – 4.52 0.06 0.91 0.38 – 2.14 0.82 

EOT = end-of-treatment 
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Q1 versus Q2-Q4 at 8 weeks (48.1% vs 29.2%) (OR=2.25, [CI: 1.32 – 3.84], p=0.003), EOT (24 

weeks) (46.8% vs 25.3%) (OR=2.61, [CI: 1.51 – 4.50], p=0.001) and 28 weeks (34.2% vs 

15.8%) (OR=2.76, [CI: 1.52 – 5.02], p=0.001). At 52 weeks, abstinence did not differ between 

Q1 and Q2-Q4 (20.3% vs 12.4%) (OR=1.80, [CI: 0.90 – 3.59], p=0.09). Similar results were 

obtained in the Caucasian group. Our findings for Q1 vs Q2-Q4 at week 8 were consistent with 

previous work by Lerman et al. (2006) in Caucasians (46.3% for Q1 vs 27.7% for Q4). 

When stratified by genotype, abstinence with extended treatment was higher (but did not 

reach significance) for RMs versus NMs at 8 weeks (41.8% vs 33.0%) (OR=1.46, [CI: 0.85 – 

2.49], p=0.17), EOT (24 weeks) (38.0% vs 28.9%) (OR=1.50, [CI: 0.87 – 2.60], p=0.14), 28 

weeks (22.8% vs 20.8%) (OR=1.12, [CI: 0.60 – 2.11], p=0.72) or 52 weeks (15.2% vs 13.7%) 

(OR=1.13, [CI: 0.54 – 2.36], p=0.75) (Table 3.14A). Differences in abstinence were similar in 

the Caucasian group (Table 3.14B). 

Abstinence rates for all participants in the standard treatment group, stratified by 3HC/COT 

quartile and by CYP2A6 genotype, are shown in Figure 3.10. To compare abstinence rates 

between ratio quartiles and between genotype groups, Chi-tests were used to compute odds ratios 

and 95% confidence intervals (Table 3.15A for all participants; Table 3.15B for Caucasians). 

Similar to that with extended treatment, it was hypothesized that given standard treatment, 

participants in Q1 or with SM genotype would have greater quit rates (throughout treatment, at 

EOT and follow-up) compared to participants in Q2-Q4 or with NM genotype. However, unlike 

our results for extended treatment, there were no differences in quit rates on standard treatment 

between 3HC/COT quartiles or between genotype groups at any of the time-points among all 

participants or among only Caucasians. Our findings for Q1 vs Q2-Q4 (particularly at week 8)  
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Figure 3.10: Among all participants on standard nicotine patch therapy, no significant differences in abstinence rates 
were detected between Q1 and Q2-Q4, or between RM and NM.  Statistical analysis is shown in Table 3.11A. We expected 
Q1 and RMs to have higher abstinence at all time-points compared to Q2-Q4 and NMs, respectively. Q1 had higher abstinence 
at all time points compared to Q2-Q4, but the differences were not significant (p>0.20). RMs had lower abstinence at EOT (24 
weeks) and at follow-up sessions compared to NMs, but the differences were not significant (p>0.05).  
EOT = end-of-treatment
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Table 3.15A: Odds ratios for successful quitting among all participants on 
standard patch therapy, comparing Q1 to Q2-Q4, and RMs to NMs. Q1 had higher 
abstinence at all time-points compared to Q2-Q4, however differences were not 
significant. Aside from 8 weeks, RM had lower abstinence compared to NMs at all time-
points, but these differences were not significant. 
 

 3HC/COT CYP2A6 Genotype 

Time-point Odds 
Ratio 

95% 
Confidence 

Interval 

�
2 test 

p-value 
Odds 
Ratio 

95% 
Confidence 

Interval 

�
2 test 

p-value 

8 weeks 1.35 0.75 – 2.45 0.32 1.16 0.64 – 2.11 0.63 

24 weeks 
(EOT) 1.50 0.78 – 2.91 0.23 0.75 0.36 – 1.56 0.44 

28 weeks 1.30 0.63 – 2.69 0.48 0.55 0.23 – 1.29 0.16 

52 weeks 1.41 0.66 – 3.01 0.38 0.42 0.16 – 1.11 0.07 

EOT = end-of-treatment 
 
Table 3.15B: Odds ratios for successful quitting among Caucasians on standard 
patch therapy, comparing Q1 to Q2-Q4, and RMs to NMs.  
 

 3HC/COT CYP2A6 Genotype 

Time-point Odds 
Ratio 

95% 
Confidence 

Interval 

�
2 test 

p-value 
Odds 
Ratio 

95% 
Confidence 

Interval 

�
2 test 

p-value 

8 weeks 1.72 0.89 – 3.31 0.10 1.32 0.68 – 2.57 0.41 

24 weeks 
(EOT) 1.35 0.63 – 2.89 0.44 0.65 0.27 – 1.55 0.32 

28 weeks 1.30 0.57 – 2.96 0.53 0.41 0.14 – 1.20 0.09 

52 weeks 1.22 0.52 – 2.88 0.65 0.44 0.15 – 1.30 0.13 

EOT = end-of-treatment 
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were inconsistent with previous work by Lerman et al. (2006), where abstinence at the end of an 

8-week treatment phase was significantly higher for Q1 compared to Q4 (46.3% vs 27.7%).  

We also assessed the benefit of extended versus standard patch therapy among those with 

slow CYP2A6 activity and those with normal CYP2A6 activity. It was hypothesized that all 

3HC/COT quartiles and genotype groups would have higher EOT and long-term quit rates with 

extended treatment versus standard treatment, but that the largest gain in quit rates for extended 

versus standard treatment would occur among participants with high 3HC/COT (Q2-Q4) and 

participants in the NM group. To test this hypothesis, abstinence rates for the standard treatment 

group and extended treatment group were compared among all participants in Q1 and RMs 

(Figure 3.11, Table 3.16A for all participants; Table 3.16B for Caucasians) and among all 

participants in Q2-Q4 and NMs (Figure 3.12, Table 3.17A for all participants; Table 3.17B for 

Caucasians). Chi-tests were used to compute odds ratios and 95% confidence intervals, 

comparing standard treatment to extended treatment.  

 At week 8, abstinence was similar between standard and extended treatment groups when 

stratified by 3HC/COT quartile and CYP2A6 genotype, which was expected given that all groups 

received the same treatment until week 8. For all participants in Q1, abstinence rates for 

extended treatment compared to standard treatment were significantly higher at EOT (24 weeks) 

(46.8% vs 25.4%) (OR=2.59, [CI:1.26 – 5.31], p=0.01) and 28 weeks (34.2% vs 19.0%) 

(OR=2.21, [CI: 1.01 – 4.83], p=0.05), indicating that at these times extended treatment was more 

successful than standard treatment (Table 3.16A). The differences in abstinence between 

treatment groups were no longer significant at 52 weeks (20.3% vs 17.5%) (OR=1.20, [CI: 0.51 

– 2.81], p=0.67). Similar results were obtained in Caucasians, although differences at 28 weeks 

were marginally non-significant (Table 3.16B). 
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Figure 3.11: Among all participants with slow CYP2A6 activity, extended treatment compared to standard treatment 
produced higher abstinence rates at 24 weeks and 28 weeks for those in Q1, and at 24 weeks for those with RM 
genotype. Statistical analyses are shown in Table 3.13A. As expected, Q1 and RMs had significantly higher abstinence with 
extended vs standard treatment at EOT (24 weeks) (p=0.01 and p=0.01, respectively). At 28 weeks, Q1 and RMs still had higher 
abstinence on extended vs standard treatment, but differences were only significant for Q1 vs Q2-4 (p=0.04) and not RM vs NM 
(p=0.06). Contrary to expectations, extended treatment did not increase long-term quit rates for Q1 (p=0.67) or RMs (p=0.17). 
EOT = end-of-treatment 
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Table 3.16A: Odds ratios for successful quitting among all participants in Q1 and 
RMs, comparing extended treatment to standard treatment. As expected, Q1 and 
RMs had significantly higher abstinence with extended vs standard treatment at EOT 
(24 weeks). At 28 weeks, Q1 and RMs still had higher abstinence on extended vs 
standard treatment, but differences were only significant for Q1 vs Q2-4. Extended 
treatment did not increase long-term quit rates for Q1 or RMs. 
 

 Q1 RMs 

Time-point Odds 
Ratio 

95% 
Confidence 

Interval 

�
2 test 

p-value 
Odds 
Ratio 

95% 
Confidence 

Interval 

�
2 test 

p-value 

8 weeks 1.73 0.87 – 3.41 0.11 1.50 0.76 – 2.98 0.24 

24 weeks 
(EOT) 2.59 1.26 – 5.31 0.01 3.01 1.36 – 6.64 0.01 

28 weeks 2.21 1.01 – 4.83 0.04 2.45 0.95 – 6.29 0.06 

52 weeks 1.20 0.51 – 2.81 0.67 2.15 0.72 – 6.46 0.17 

EOT = end-of-treatment 
 
 
Table 3.16B: Odds ratios for successful quitting among Caucasians in Q1 and 
RMs, comparing extended treatment to standard treatment.  
 

 Q1 RMs 

Time-point Odds 
Ratio 

95% 
Confidence 

Interval 

�
2 test 

p-value 
Odds 
Ratio 

95% 
Confidence 

Interval 

�
2 test 

p-value 

8 weeks 1.25 0.58 – 2.70 0.57 1.14 0.52 – 2.50 0.74 

24 weeks 
(EOT) 3.15 1.36 – 7.31 0.007 4.17 1.61 – 10.78 0.002 

28 weeks 2.51 1.03 – 6.14 0.05 3.35 1.03 – 10.95 0.04 

52 weeks 1.38 0.52 – 3.67 0.51 1.70 0.48 – 6.01 0.41 

EOT = end-of-treatment
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Figure 3.12: Among all participants with normal CYP2A6 activity, there were no differences in abstinence rates between 
extended treatment and standard treatment for those in Q2-Q4 or those with NM genotype. Statistical analyses are shown 
in Table 3.14A. We expected higher abstinence with extended treatment at EOT (24 weeks) and follow-up sessions compared to 
standard treatment, for both Q2-Q4 and NMs. Extended treatment produced higher abstinence than standard treatment at 24 
weeks for both Q2-Q4 and NMs, but the differences were not significant (p>0.09 and  p>0.07, respectively). There were no 
differences in abstinence between treatment groups at follow-up sessions in Q2-Q4 (p>0.80) or NMs (p>0.40).  
EOT=end-of-treatment 
 



 94 

Table 3.17A: Odds ratios for successful quitting among all participants in Q2-Q4 
and NMs, comparing extended treatment to standard treatment. Extended 
treatment resulted in higher abstinence compared to standard treatment at EOT (24 
weeks) for both Q2-Q4 and NMs, but the differences were not significant. There were 
no differences in abstinence between treatment groups at follow-up sessions in Q2-Q4 
or NMs.  

 Q2-Q4 NMs 

Time-point Odds 
Ratio 

95% 
Confidence 

Interval 

�
2 test 

p-value 
Odds 
Ratio 

95% 
Confidence 

Interval 

�
2 test 

p-value 

8 weeks 1.04 0.68 – 1.59 0.85 1.20 0.79 – 1.82 0.40 

24 weeks 
(EOT) 1.49 0.94 – 2.37 0.09 1.51 0.96 – 2.36 0.07 

28 weeks 1.04 0.62 – 1.76 0.88 1.19 0.73 – 1.94 0.48 

52 weeks 0.94 0.53 – 1.67 0.83 0.79 0.46 – 1.37 0.40 

TQD=target quit date; EOT=end-of-treatment 
 
Table 3.17B: Odds ratios for successful quitting among Caucasians in Q2-Q4 and 
NMs, comparing extended treatment to standard treatment. 

 Q2-Q4 NMs 

Time-point Odds 
Ratio 

95% 
Confidence 

Interval 

�
2 test 

p-value 
Odds 
Ratio 

95% 
Confidence 

Interval 

�
2 test 

p-value 

8 weeks 0.99 0.63 – 1.57 0.97 1.11 0.71 – 1.75 0.64 

24 weeks 
(EOT) 1.52 0.92 – 2.51 0.10 1.51 0.93 – 2.44 0.10 

28 weeks 1.01 0.57 – 1.79 1.00 1.20 0.71 – 2.03 0.51 

52 weeks 0.81 0.44 – 1.50 0.50 0.82 0.46 – 1.45 0.49 

TQD=target quit date; EOT=end-of-treatment 
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Similar to Q1, RMs on extended treatment compared to standard treatment had significantly 

higher abstinence at EOT (24 weeks) (38% vs 16.9%) (OR=3.01, [CI: 1.36 – 6.64], p=0.01) and 

continued to have higher abstinence at 28 weeks (22.8% vs 10.8%), but this difference did not 

reach statistical significance (OR=2.45, [CI: 0.95 – 6.29], p=0.06) (Table 3.16A). At 52 weeks, 

there were no differences in abstinence rate between extended and standard treatment (15.2% vs 

7.7%) (OR=2.15, [CI: 0.72 – 6.46], p=0.17). Similar differences were found among Caucasians 

(Table 3.16B). 

Contrary to our hypothesis, all participants in Q2-Q4 and NMs did not show higher quit rates 

on extended versus standard treatment (Table 3.17A). Although Q2-Q4 and NMs tended to have 

higher abstinence at EOT (24 weeks) on extended treatment compared to standard treatment 

(OR=1.49, [CI: 0.94 – 2.37], p=0.09, and OR=1.51, [CI: 0.96 – 2.36], p=0.07, respectively), 

these differences did not reach significance. There were no differences in quit rates at 28 weeks 

or 52 weeks. Similar results were obtained in Caucasians (Table 3.17B). 
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4. DISCUSSION 

4.1 Association of CYP2A6 Genotype with 3HC/COT 

The mean 3HC/COT ratio for all genotypes with slow CYP2A6 variants in the total study 

population and just in Caucasians were all significantly lower than the reference group 

(CYP2A6*1/*1 genotype) (Table 3.2, 3.3). In the Black population, genotypes with CYP2A6*9, 

*17 and with more than one CYP2A6 variant had lower mean 3HC/COT compared to the 

CYP2A6*1/*1 group (Table 3.4). However, Black participants with a CYP2A6*23 variant (n=2) 

and those with a CYP2A6*1/*35 genotype (n=2) did not have different 3HC/COT compared to 

the reference group. It was specifically one individual with a *23/*23 genotype and one 

individual with a *1/*35 genotype that had uncharacteristically high 3HC/COT, skewing the 

mean 3HC/COT for those genotypes. The sole individual with CYP2A6*1/*2 also had 3HC/COT 

higher than the reference group. It is possible that these individuals had CYP2A6 variants that 

increase CYP2A6 activity, such as the duplication variant CYP2A6*1x2 (Rao et al. 2000) or 

CYP2A6*1B (Yamano et al. 1990; Nakajima et al. 2001; Pitarque et al. 2004). None of the study 

participants were genotyped for CYP2A6*1x2 or CYP2A6*1B. Perhaps if we genotyped for these 

variants and separated all individuals with at least one of these variant alleles into a separate 

genotype category (or placed them into the reference group), we could detect a larger effect of 

slow CYP2A6 variants on mean 3HC/COT. 

There were also significant differences in the proportion of genotype groups between Blacks 

and Caucasians (Table 3.5). Compared to Caucasians, the Black population had a considerably 

larger proportion of SMs (31% vs 12%) and a smaller proportion of NMs (58% vs 79%). This 

was expected, given that the Black population contains numerous slow CYP2A6 variants that we 

assayed (i.e. CYP2A6*2,*4, *17, *20 *23, *24, *25, *26, *27, and *35; or CYP2A6*9/*9,  
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CYP2A6*9/*12, and CYP2A6*12/*12 genotypes), some of which occurred at a relatively high 

frequency in our study (e.g. 11% allele frequency for CYP2A6*17), while the Caucasian 

population carries fewer slow CYP2A6 variants (i.e. only CYP2A6*2 and *4 were genotyped; 

CYP2A6*9/*9,  CYP2A6*9/*12, and CYP2A6*12/*12 genotypes were also SM), which occurred 

at a relatively low frequency (i.e. allele frequencies of ~3% for CYP2A6*2, ~1% for CYP2A6*4, 

and ~1% for CYP2A6*12; CYP2A6*9 had a high allele frequency of 7%) (Table 3.1). This 

ethnic difference in the proportion of genotype groups is one reason why we assessed baseline 

characteristics, smoking variables and treatment outcomes for both the entire study population 

and for only the Caucasian group. We also chose to analyze the Caucasian group separately for 

the purpose of comparing our findings to a smoking cessation trial with nicotine patch in 

Caucasians by Malaiyandi et al. (2006), which shared similar inclusion criteria to our study and 

required treatment-seeking smokers that smoked more than 10 CPD over the past 12 months.  

In accordance with previous work by Malaiyandi et al. (2006), CYP2A6 genotype groupings 

in our study associated with 3HC/COT among our total population and among our Caucasian 

population. That is, the mean 3HC/COT ratio increased in order from SMs to IMs to NMs, with 

significant differences between all genotype groups (Figure 3.3). These findings demonstrate that 

3HC/COT is a good predictor of CYP2A6 genotype (Dempsey et al. 2004; Benowitz et al. 

2006b; Malaiyandi et al. 2006). Since there was only a modest difference between SMs and IMs, 

compared to the relatively large difference between NMs and IMs/SMs, it suggests that IMs and 

SMs have similar pharmacokinetics, and therefore for purposes of analysis of abstinence they 

were pooled into one genotype group (i.e. RM). Consistent with this, NMs also had significantly 

higher 3HC/COT compared to RMs in both our total population and Caucasians. 
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Although the 3HC/COT associated with genotype group, there was large variation in 

3HC/COT within each group. Particularly in the NM group, there were several individuals with 

very low 3HC/COT, which perhaps can be explained by the possibility that they have unknown 

slow CYP2A6 variants that were not detected with our present set of genotyping assays. There 

were also several slow CYP2A6 variants which we did not assess with our assays because of their 

very low frequency, such as CYP2A6*3, *5, *6, *11, *13 and *15. Other CYP2A6 variants were 

excluded because of their low frequency and/or limited information regarding their CYP2A6 

impact, such as CYP2A6*22, *29, *30, *31, *32, *33, *34, *36, and *37. Perhaps if we 

genotyped for all known slow CYP2A6 variants, regardless of their low frequency, we could 

have detected more SMs (otherwise categorized as NMs) and therefore reduced the variability in 

3HC/COT seen in the NM group. 

In the NM and SM group, there were also several individuals with high 3HC/COT ratios. 

Perhaps this can be explained by the presence of increased-activity alleles, such as CYP2A6*1x2 

and CYP2A6*1B, which we did not genotype for. If we had genotyped all participants for 

CYP2A6*1x2 and CYP2A6*1B variants, we could have separated all individuals with these 

variants into a separate genotype group (e.g. fast metabolizers, representing >100% CYP2A6 

activity), and left the remaining CYP2A6*1/*1 individuals in the NM group. Doing this would 

possibly decrease the variability of 3HC/COT within each genotype group, and potentially result 

in a larger difference in mean 3HC/COT between genotype groups.  

Aside from the limitations of our chosen genotyping assays, there are also environmental 

influences on CYP2A6 activity that can explain 3HC/COT variability.  For instance, drugs such 

as rifampicin, dexamethasone and phenobarbital increase CYP2A6 activity (Rae et al. 2001; Itoh 

et al. 2006; Onica et al. 2008).  Female participants on contraceptives would also have increased 
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CYP2A6 activity and nicotine metabolism (Benowitz et al. 2006a). On the other hand, drugs 

such as methoxsalen and tryptamine inhibit CYP2A6 activity (Kharasch et al. 2000), and dietary 

compounds such as grapefruit juice can inhibit CYP2A6-mediated coumarin metabolism (Runkel 

et al. 1997). Furthermore, nicotine itself is an inhibitor of CYP2A6 activity (Denton et al. 2004), 

which could possibly alter CYP2A6 activity according to level of smoking. Differences in 

pharmacokinetics may also influence apparent CYP2A6 activity, such as urinary pH, or 

differences in liver blood flow (Cholerton et al. 1994; Benowitz et al. 1997; Hukkanen et al. 

2005). Aside from increased metabolism by contraceptives, females also have faster nicotine 

metabolism compared to males (Benowitz et al. 2006a). Although there were no differences in 

gender proportion between genotype groups, the mixed population of males and females is 

another potential cause of variability seen in 3HC/COT within each genotype group.  

Furthermore, other nicotine metabolizing pathways may cause variation in 3HC/COT within 

the genotype groups. Although the conversion of COT to 3HC is exclusively by CYP2A6, 

increased glucuronidation of COT or 3HC may impact an individual’ s 3HC/COT ratio and 

apparent CYP2A6 activity. Thus, it is useful to consider the impact of both genotype and 

phenotype on smoking cessation to determine which is a better predictor of cessation. 

4.2 Association of CYP2A6 genotype with smoking and treatment variables 

Among all participants, SMs smoked significantly fewer CPD compared to NMs (18 ± 8 vs 

22 ± 9) (Table 3.7, Figure 3.5). RMs also smoked fewer CPD (20 ± 9) compared to NMs, but this 

difference was not significant, given that IMs smoked a similar number of CPD to NMs (22 ± 9). 

Among Caucasians, SMs and RMs also smoked fewer CPD than NMs, but these differences did 

not reach statistical significance (Table 3.8). Malaiyandi et al. (2006) reported that SMs smoked 

fewer CPD than NMs, which is consistent with our findings in the total study population and in 
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Caucasians (although significant only among the total population). These differences between 

the total population and the Caucasians only are most likely due to the smoking behaviours of 

our Black population within the total population. For one, the CPD smoked by SMs in our total 

population was lower compared to the Caucasian group (18 ± 8 vs 20 ± 9). Furthermore, our 

Black population smoked fewer CPD than the Caucasian population (17 ± 9 vs 22± 9), where 

SMs in the Black population smoked 14 ± 4 CPD and SMs in the Caucasian population smoked 

20 ± 9 CPD. The lower CPD smoked by the Black population agrees with previous reports 

suggesting that the majority of African-American smokers are light-smokers (Kandel and Chen 

2000). Since the Black population had a higher proportion of SMs compared to Caucasians (31% 

vs 9%), the impact of the Black population’ s lighter smoking would reduce the number of CPD 

smoked by the total study population, particularly in the SM group. 

The difference of 4 CPD between the SM and NM groups in our total study population is 

perhaps less of a difference than what we would see in the general smoking population, due to 

the possibility that we are excluding a population of SMs that are light smokers and those who 

are less dependent and have already quit smoking. Our findings are different from Schoedel et al. 

(2004), who reported a difference of 7 CPD between SMs and NMs (21 ± 9 vs 28 ± 15), which 

was assessed among non-treatment-seeking DSM-IV-dependent Caucasian smokers. 

Furthermore, in the latter study smokers were defined as individuals who smoked more than 100 

cigarettes in their lifetime (i.e. includes light smokers), and had an average age of 36 ± 12 years. 

In contrast, and in addition to the fact that our study recruited treatment-seeking smokers who 

smoked more than 10 CPD (i.e. excludes light smokers), the smokers in our study were older (45 

± 10 years) and were not required to meet criteria for nicotine dependence. However, the mean 

FTND ± SD for our study’ s population was 5.3 ± 2.1 (with no differences between genotype 
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groups), which indicates a medium level of dependence (Fagerstrom et al. 1990). The differences 

in age, level of smoking, nicotine dependence, and whether the study population was treatment-

seeking or not, most likely contributed to the magnitude of difference in CPD found between SM 

and NM in our study compared to findings by Schoedel et al. (2004). 

The levels of nicotine obtained from patch treatment were assessed by CYP2A6 genotype and 

by genotype group among abstinent participants. We expected that genotypes with variant alleles 

would have higher plasma nicotine obtained from patch treatment compared to the CYP2A6*1/*1 

genotype, given that all variant genotypes (aside from those with CYP2A6*23 or *35) had 

significantly lower baseline 3HC/COT (Table 3.2) and therefore slower CYP2A6 activity. 

However, the association between nicotine levels obtained from patch treatment and CYP2A6 

variant genotypes was not as strong as expected. Among all abstinent participants (Table 3.10), 

the mean nicotine levels were significantly higher only for genotypes with CYP2A6*2 or *17 

compared to CYP2A6*1/*1. However, when comparisons were made between genotype groups, 

SMs and RMs had higher nicotine levels compared to NMs (shown in Figure 3.6).  

Among abstinent Caucasians (Table 3.11), only the group of genotypes with two or more 

different variants had significantly higher mean nicotine levels compared to CYP2A6*1/*1. In 

contrast to the total study population, the mean nicotine levels obtained from patch in Caucasians 

were only higher in the RM group compared to NMs. Our finding was inconsistent with 

Malaiyandi et al. (2006), where they found significantly higher nicotine levels obtained from 

patch treatment in SMs compared to NMs in a Caucasian population. Among abstinent Blacks in 

our study (Table 3.12), the mean nicotine levels obtained from patch were higher only for 

genotypes with CYP2A6*17, and similar to Caucasians, only RMs had higher nicotine levels 

compared to NMs.  
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For all the population groups (total, Caucasians, and Blacks), there were no differences in 

nicotine levels between IMs and SMs, which suggests similar pharmacokinetics between the two 

genotype groups and supports our decision to pool them into one metabolizer group (i.e. RM) for 

the analyses of abstinence. As mentioned, the RM group had significantly higher nicotine levels 

obtained from patch compared to NMs among all three populations. 

The COT levels obtained from nicotine patch treatment were assessed by CYP2A6 genotype 

group among all participants and Caucasians. Among the total population and just Caucasians, 

SMs had higher COT levels compared to NMs, but this difference was only significant among 

the total population (Figure 3.7). However, among both the total population and Caucasian 

population, the RM group had significantly higher COT levels obtained from patch compared to 

NMs. Our findings for similar COT levels between SMs and NMs among our Caucasian 

population agree with Malaiyandi et al. (2006), where they reasoned that the similarity in 

cotinine levels obtained from nicotine patch treatment between NMs and SMs in their study was 

due to a balancing of slower conversion of nicotine to COT with the slower conversion of COT 

to 3HC.  

The difference in nicotine and COT levels between SMs and NMs among our total 

population, but not among our Caucasian group, is influenced by the inclusion of Black 

participants. As mentioned earlier, our Black population had a considerably larger proportion of 

SMs (31% vs 12%) and a smaller proportion of NMs (58% vs 79%) compared to Caucasians, 

given that the Black population contains a larger variety (with high frequency) of slow CYP2A6 

variants. Increasing the proportion of SMs in the total population most likely increased the power 

of SM genotype on increasing nicotine and COT levels obtained from patch treatment. The 

differences in COT levels can be explained along the premise that while conversion of COT to 
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3HC is exclusive to CYP2A6, the metabolism of nicotine to COT is only mediated 80% by 

CYP2A6 (Benowitz and Jacob 1994; Nakajima et al. 1996a; Nakajima et al. 1996b; Messina et 

al. 1997; Dempsey et al. 2004). Therefore, slower conversion of COT to 3HC is not necessarily 

balanced by slower conversion of nicotine to COT, especially if other pathways such as 

glucuronidation compensate for slower CYP2A6 activity. In particular, there are ethnic 

differences in nicotine and COT glucuronidation, where it has been reported to be polymorphic 

among Blacks (i.e. slow and fast N-glucuronidation), but unimodal among Caucasians (i.e. fast 

glucuronidation) (Benowitz et al. 1999). These differences contribute to the variation in nicotine 

and COT metabolism between ethnicities, in addition to CYP2A6 polymorphisms, and most 

likely contribute to our different results in terms of nicotine and COT levels obtained for 

Caucasians and for the total study population (composed of Caucasians and Blacks). 

Among the total study population, the higher nicotine and COT levels obtained from patch 

for SMs versus NMs is inconsistent with baseline levels of nicotine and COT obtained from 

smoking (Table 3.8), where there were no differences between genotype groups. Although NMs 

had faster baseline nicotine metabolism (indicated by higher 3HC/COT) compared to SMs, they 

also smoked more CPD, suggesting that they were titrating their smoking behaviour to maintain 

optimum brain and plasma nicotine levels and therefore obtaining similar baseline nicotine and 

COT levels to SMs. Previous studies also suggest NMs take larger puffs compared to SMs 

(Strasser et al. 2007), which would further allow NMs to titrate their nicotine intake per cigarette 

and to attain similar nicotine and COT levels to that of SMs. Nonetheless, our findings suggest 

that NMs are experiencing a smaller replacement of nicotine during nicotine patch therapy 

compared to SMs. Based on this, perhaps we should consider increasing the dose of nicotine for 

the NMs so that they obtain similar levels of nicotine from patch as SMs (Ebbert et al. 2007). 
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4.3 Efficacy of Standard Versus Extended Treatment 

The abstinence rates we obtained for our total study population and for only our Caucasian 

population were similar when stratified by treatment group and/or 3HC/COT quartiles or 

CYP2A6 genotype. Therefore, for the purposes of this section, we discussed abstinence only for 

the total study population.  

The similar quit rates obtained with standard and extended treatment after 8 weeks was 

expected (30% and 36%, respectively) (Figure 3.8), given that both treatment groups received 

identical treatment (21mg/day nicotine) for the first 8 weeks. The standard group continued their 

treatment with placebo patch for 16 weeks, while the extended group continued the nicotine 

patch for another 16 weeks. By EOT (24 weeks), the standard group experienced a drop in quit 

rates (~10%) from week 8, resulting in significantly lower abstinence compared to extended 

treatment (20% vs 32%). However, by 28 weeks (only 1 month after EOT) the extended 

treatment group’ s abstinence also decreased by ~10%, and by 52 weeks abstinence was similar 

to that obtained with standard treatment (~14%).  

These observations suggest that abstinence is maintained at ~30% as long as participants 

remain on nicotine patch, but once removed from nicotine patch abstinence falls to ~14% after 7 

months. The high relapse rate during the 16-week placebo phase of the standard treatment group 

and after EOT (24 weeks) for both standard and extended treatment groups is likely due to the 

emergence of nicotine withdrawal and craving symptoms (Killen and Fortmann 1997). 

Furthermore, studies suggest that nicotine patch therapy reduces the risk of progression of an 

initial lapse to relapse (Shiffman et al. 2006a; Shiffman et al. 2006b), which would increase the 

odds of abstinence at EOT (24 weeks) for extended treatment and result in reduced abstinence 

once treatment is complete, as was observed in our study. 
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Contrary to expectations, extended nicotine patch treatment did not result in increased long-

term abstinence. In fact, our findings were in agreement with a previous study that also did not 

find differences in long-term abstinence between 8-week and 22-week patch therapy (Tonnesen 

et al. 1999). Despite the findings by the latter study, the rationale for our hypothesis was that a 

longer duration of nicotine patch therapy would allow for more time to reduce the associations 

between nicotine and smoking behaviours, to adjust to the absence of behavioural aspects of 

smoking (e.g. holding a cigarette), to break associations of day-to-day behaviours with smoking 

(e.g. cigarette upon waking, cigarette at coffee break), and to learn how to control cravings and 

urges.  

In addition, in our study population with an age of ~35 to 55 years and an age of smoking 

initiation of ~12 to 20 years, many smokers had been smoking for decades and up to 12 to 30 

CPD. Perhaps smokers that fit this demographic require a treatment time longer than 6 months in 

order to successfully attain long-term abstinence. Future studies should explore the efficacy of 

longer patch treatment, e.g. 1 year or longer, or perhaps allow smokers to stay on nicotine patch 

therapy until they are ready to end treatment. Another possibility is to explore longer treatment 

with increased doses of nicotine. Although a meta-analysis suggests that there is minimal benefit 

from higher-dose nicotine patch (42/44mg vs 21/22mg nicotine via 24 hour patch, or 25mg vs 

15mg nicotine via 16 hour patch) (Stead et al. 2008), perhaps a higher dose for longer duration 

would result in higher long-term abstinence rates. 

4.4 Effect of 3HC/COT and CYP2A6 Genotype on Abstinence 

We hypothesized that smokers with reduced CYP2A6 activity, defined both by low 

3HC/COT and by slow CYP2A6 genotype, would have increased quitting success compared to 

smokers with normal CYP2A6 activity. Our rationale was based on findings from previous 
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studies reporting that smokers with low 3HC/COT had higher quit rates with nicotine patch 

(Lerman et al. 2006), nicotine gum (Ho et al. 2009) and placebo treatment (Patterson et al. 2008; 

Ho et al. 2009) compared to those with high 3HC/COT. Since previous studies suggest that 

smokers with SM genotype may have an increased likelihood of quitting (Gu et al. 2000; Ho et 

al. 2009), we speculated that similar effects on abstinence could be obtained with CYP2A6 

genotype as with 3HC/COT. 

Furthermore, smokers with low 3HC/COT or SM genotype smoke fewer CPD (Rao et al. 

2000; Ariyoshi et al. 2002a; Benowitz et al. 2003; Schoedel et al. 2004; Malaiyandi et al. 2006), 

and other studies have suggested smokers with SM genotype smoke for shorter durations and are 

less likely to be current smokers (Rao et al. 2000; Ariyoshi et al. 2002b; Schoedel et al. 2004; 

Malaiyandi et al. 2006; Strasser et al. 2007). Perhaps the decreased intensity and duration of 

smoking by those with slow CYP2A6 activity could translate to more successful quitting. In 

addition, those with low 3HC/COT (Lerman et al. 2006) or those with SM genotype (Malaiyandi 

et al. 2006) obtained significantly higher levels of nicotine during nicotine patch therapy. We can 

speculate that perhaps increased nicotine levels from treatment leads to increased quit rates. 

In our study, the analysis of baseline characteristics, treatment and smoking variables by 

CYP2A6 genotype group suggested that our findings for the effect of low 3HC/COT on 

increasing abstinence could potentially be matched by an effect of SM genotype on increasing 

abstinence. For instance, CYP2A6 genotype associated with 3HC/COT (Figure 3.3) and RMs 

obtained higher levels of nicotine during patch therapy compared to NMs (Figure 3.6). In 

addition, the RM group used for this analysis represented a similar proportion of the study 

population as Q1 (25%).  
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The first 8 weeks of nicotine patch treatment in our study was a replication of a previous 

study by Lerman et al. (2006) investigating the efficacy of 8-week patch therapy stratified by 

3HC/COT quartile. In our study, after 8 weeks of treatment participants with low 3HC/COT (Q1) 

(treatment groups analyzed together) had higher quit rates compared to those with a high 

3HC/COT (Q2-Q4) (42% vs 29%), which confirmed findings by Lerman et al. (2006). However, 

while consistent with our expectations, the difference in 8-week abstinence between RMs and 

NMs was not significantly different (38% vs 32%).  

After week 8, abstinence was assessed within treatment groups. Q1 predicted higher 

abstinence within both treatment groups compared to Q2-Q4 (Figure 3.9 for extended treatment, 

Figure 3.10 for standard treatment), but abstinence was statistically higher only with extended 

treatment at week 8, EOT (24 weeks) and week 28. We expected to see a larger effect of 

3HC/COT with standard therapy, since Lerman et al. (2006) previously showed that on standard 

8-week therapy smokers with low 3HC/COT had higher quit rates at week 8 (EOT) and at 6-

month follow-up compared to smokers with high 3HC/COT. It is unclear why Q1 had 

significantly higher quit rates than Q2-Q4 at week 8 of extended treatment, but not on standard 

treatment, given that standard and extended treatments were identical (21mg nicotine/day) until 

week 8. There were no differences in baseline characteristics between treatment groups that 

could explain this observation (Table 3.6). Therefore, the decreased likelihood of quitting by Q1 

smokers placed on standard treatment could simply be an anomaly.  

Contrary to expectations, our findings with CYP2A6 genotype did not match our findings 

with 3HC/COT. There were no significant differences in abstinence at any of the time-points 

between RMs and NMs within the standard or extended treatment groups. On extended 

treatment, RMs had slightly higher quit rates at week 8 and EOT (24 weeks) compared to NMs, 
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but at follow-up RMs and NMs had similar quit rates (Figure 3.9). Within the standard treatment 

group, RMs had slightly higher abstinence at 8 weeks, but then demonstrated lower abstinence at 

EOT (24 weeks) and follow-up compared to NMs (Figure 3.10). Therefore, 3HC/COT was better 

associated with abstinence rates in both treatment groups compared to CYP2A6 genotype, where 

low 3HC/COT predicted higher abstinence, particularly on extended treatment where differences 

were significant at 8 weeks, EOT (24 weeks) and at 1-month follow-up.  

Despite our rationale for anticipating similar effects of 3HC/COT and CYP2A6 genotype on 

abstinence, there are several explanations for the differences in predictability. For one, 

3HC/COT is more representative of an individual’ s current nicotine metabolism compared to 

CYP2A6 genotype. As discussed in section 4.1, there are many exogenous and endogenous 

influences on CYP2A6 enzymatic function, such as dietary compounds and medications, liver 

blood flow, gender and CYP2A6 genetic variation. Using 3HC/COT as a measure of CYP2A6 

activity takes into account much of the potential variability in CYP2A6 activity not captured by 

CYP2A6 genotype. If 3HC/COT is a better indicator of CYP2A6 function compared to CYP2A6 

genotype, and if we expect that CYP2A6 function impacts quit rates with nicotine patch, then 

perhaps 3HC/COT is a better predictor of abstinence rates with nicotine patch compared to 

CYP2A6 genotype. 

The differences in the predictive ability of 3HC/COT versus CYP2A6 genotype on abstinence 

may also be due to the fact that the 3HC/COT quartile groups were not equivalent to the CYP2A6 

genotype groups. For instance, the RM group was not identical to Q1 (55% of Q1 was RM, and 

53% of RM was in Q1) and NM was not identical to Q2-Q4 (84% of Q2-Q4 was NM, and 85% 

of NM was in Q2-Q4). This was also reflected in the variability of 3HC/COT within each 
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genotype group (Figure 3.3), which suggested that although 3HC/COT associates with CYP2A6 

genotype, the two measures do not select identical individuals. 

The limitations of genotyping, as discussed in section 4.1, also provide a reason for the 

differences in predictability of abstinence between 3HC/COT and genotype. There are several 

CYP2A6 variants that we did not assay due to their very low frequency or uncharacterized impact 

on CYP2A6 function, and there may also be undiscovered CYP2A6 variants. Since these variants 

were not detected with our genotyping assays, this may have led us to incorrectly categorize 

potential SMs or IMs as NMs. The fact that we did not genotype for CYP2A6*1x2 and 

CYP2A6*1B variants is also a limitation, since individuals with these variants could perhaps be 

segregated into a fast metabolizer group, leading to a better characterization of CYP2A6 activity 

by genotype group and a larger effect of genotype on abstinence rates. 

Comparisons were made between standard and extended treatment within each 3HC/COT 

and genotype group. We hypothesized that smokers in all 3HC/COT and genotype groups would 

achieve higher EOT (24 weeks) and long-term abstinence on extended treatment versus standard 

treatment, but that the largest benefit from extended treatment would be observed among those in 

Q2-Q4 or with NM genotype. The rationale for hypothesizing that smokers with high CYP2A6 

activity would achieve a greater benefit from extended versus standard therapy is based on 

previous studies that suggest smokers with high 3HC/COT were less successful quitting on 

standard nicotine patch (Lerman et al. 2006), and that smokers with high 3HC/COT or NM 

genotype smoke more intensely and for longer durations (Rao et al. 2000; Ariyoshi et al. 2002a; 

Benowitz et al. 2003; Schoedel et al. 2004; Malaiyandi et al. 2006; Strasser et al. 2007).  

As expected, smokers in Q1 or with RM genotype achieved higher abstinence on extended 

therapy at EOT (24 weeks) and at 28 weeks compared to standard therapy (Figure 3.11), but the 



 110 

benefits of longer treatment did not continue long after treatment ended. Contrary to 

expectations, however, smokers in Q2-Q4 and with the NM genotype only showed a slight 

improvement (not significant) in EOT (24 weeks) quit rates with extended versus standard 

treatment, and showed no differences at follow-up sessions (1 month or 7 months after EOT) 

(Figure 3.12). These findings were unexpected, given that we hypothesized all quartiles and 

genotype groups to have better quitting success on extended treatment at EOT (24 weeks), and 

furthermore that Q2-Q4 and NMs would show the largest gain in abstinence. 

The different effects of treatment duration on Q1 versus Q2-4 and on RMs versus NMs 

provide future directions for nicotine patch treatment studies. Since smokers in Q1 or RMs 

responded advantageously to increased duration of patch therapy (i.e. as long as they remained 

on treatment), perhaps we should investigate even longer treatment (e.g. 1 year) for this 

subpopulation. If high abstinence can be maintained for an even longer duration, this may lead to 

increased odds of remaining abstinent long-term. On the other hand, smokers in Q2-4 or NMs 

did not benefit from longer treatment. Future trials should explore the effect of increasing the 

dose of nicotine patch (e.g. 42 mg/day nicotine with 24 hour patch) in this subpopulation, 

especially since the NMs in our study experienced lower nicotine levels from the patch therapy. 

A future direction for this study in particular, is to create a model for abstinence rates within 

each treatment group, where we control for covariates such as gender, race, level of nicotine 

dependence or CPD, in order to assess the relationship between 3HC/COT, CYP2A6 genotype 

and abstinence. The findings we reported here were raw quit rates, and perhaps controlling for 

covariates with a future model will allow for a more precise measure of the predictability of 

3HC/COT and CYP2A6 genotype on abstinence.  
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4.5 Limitations of study 

Although, the impact of CYP2A6 genotype on nicotine patch efficacy compared to placebo 

has not been previously determined, this study did not include a control group (e.g. placebo patch 

for 24 weeks) because previous studies have shown that nicotine patch is effective compared to 

placebo. Therefore, the potential effect of CYP2A6 genotype on quitting without active nicotine 

patch treatment in our study population was unknown. However, placebo-controlled clinical 

trials with nicotine gum (Ho et al. 2009) and bupropion (Patterson et al. 2008) suggest that SMs 

have higher quit rates on placebo treatment compared to NMs. 

The exclusion criteria for our sample population in this study was extensive, and the final 

sample population most likely excluded several important groups present in the general smoking 

population, such as smokers who also suffer from other substance use disorders or psychiatric 

disorders. These co-morbidities could perhaps affect treatment outcomes with nicotine patch 

therapy, and instead of exclusion, perhaps some of the variables could have been included as 

covariates. For instance, there is a strong association between alcohol and tobacco use, where 

80% of individuals dependent on alcohol also smoke cigarettes, and alcoholism is about 10x 

more common among smokers versus non-smokers (Romberger and Grant 2004). Therefore, 

alcohol dependence or history of alcohol use could have been included as a covariate, rather than 

excluding those who were alcohol dependent or with a history of use. 

A history of major depression could have also been removed from the exclusion criteria. 

Although history of major depression does not appear to affect smoking cessation rates (meta-

analysis: Hitsman et al. 2003), post-cessation major depression is more common in those with a 

previous history of major depression (Covey et al. 1997). It would have been interesting and 

potentially important to invest this population throughout treatment and follow them long-term. 



 112 

Overall, incorporating several exclusion criteria as covariates or designing a study to include 

specialized populations would allowed us to explore whether extended nicotine patch treatment 

could increase quitting success in these groups, and whether 3HC/COT or CYP2A6 genotype 

influence cessation. 

The generalization of our findings regarding baseline characteristics (e.g. FTND, CPD, age 

of smoking initiation) to the general smoking population is limited by our exclusion criteria and 

because our study was designed for treatment-seeking smokers. Previous studies have shown that 

treatment-seeking smokers have different smoking behaviours and characteristics from those of 

the general smoking population (McGovern et al. 1994). For instance, compared to the general 

smoking population, smokers attending smoking cessation clinics were more likely to be women 

(although our study was made up of equal proportions of men and women), better educated, 

older, lighter in weight, white and married. They were also found to be heavier smokers.  

Another limitation of the study was that only smokers that smoked >10 CPD were asked to 

participate, which excludes a population of light smokers that may also want to quit smoking. In 

this way, our study population was not representative of the smoking behaviours seen in the 

general population, but was consistent with most clinical trials. Furthermore, previous studies 

along with our present study have shown that smokers with slow CYP2A6 activity smoke fewer 

CPD (Rao et al. 2000; Ariyoshi et al. 2002a; Benowitz et al. 2003; Schoedel et al. 2004; 

Malaiyandi et al. 2006), which suggests that we are potentially excluding a population of light-

smoking slow metabolizers from our study that are seeking cessation therapy. In addition, slow 

CYP2A6 metabolizers smoke for shorter durations and are less likely to be adult smokers, and 

therefore they would be under-represented among long duration smokers (Schoedel et al. 2004). 

It may be that treatment-seeking smokers with slow CYP2A6 activity represent the portion of 
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slow metabolizers that have previously failed cessation therapy and/or have had a difficult time 

quitting on their own. This under-representation of slow metabolizers in cessation trials could 

reduce the effect of CYP2A6 genotype on abstinence on the total smoking population.  

There are also limitations inherent in genotyping and the assays that we chose to perform. As 

mentioned, we did not genotype for all known slow CYP2A6 variants, as well as some variants 

that increase CYP2A6 activity, such as CYP2A6*1x2 and CYP2A6*1B. There may also be 

unknown CYP2A6 variants that were not detected by our genotyping assays. This means that 

some individuals were incorrectly categorized into a genotype group, which would reduce the 

power of detecting the effect of CYP2A6 on quitting rates with nicotine patch.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 114 

5. GENERAL CONCLUSIONS 

Aim #1: Efficacy of Standard versus Extended Nicotine Patch Therapy 

1. Maintenance on nicotine patch therapy (extended treatment) resulted in maintenance of 

abstinence rates. 

2. Extended treatment did not increase long-term abstinence.  

Aim #2: Effect of CYP2A6 Genotype on Efficacy of Nicotine Patch Therapy 

3. RM genotype trended towards increased abstinence on extended treatment at 8 weeks and 

EOT (24 weeks) compared to NM genotype, but the differences did not reach 

significance. Genotype did not predict long-term abstinence (52 weeks). 

4. RM genotype predicted higher abstinence with extended treatment compared to standard 

treatment at EOT (24 weeks). Extended treatment did not increase long-term abstinence 

(52 weeks) for those with RM genotype. 

5. NM genotype did not predict a difference in abstinence between standard and extended 

patch therapy at EOT (24 weeks) or long-term (52 weeks). 

Aim #3: Comparison of CYP2A6 Genotype and 3HC/COT as Predictors of Smoking Abstinence 

6. Unlike RM genotype (summarized in conclusion 3), low 3HC/COT predicted higher 

abstinence on extended treatment compared to high 3HC/COT at 8 weeks, EOT (24 

weeks) and 28 weeks. Similar to RM genotype, 3HC/COT did not predict long-term 

abstinence (52 weeks). 

7. Similar to RM genotype (summarized in conclusion 4), low 3HC/COT predicted higher 

abstinence with extended treatment compared to standard treatment at EOT (24 weeks) 

and 28 weeks. Extended treatment did not increase long-terms abstinence (52 weeks) for 

those with low 3HC/COT. 
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8. Similar to NM genotype (summarized in conclusion 5), high 3HC/COT did not predict a 

difference in abstinence between standard and extended patch therapy at EOT (24 weeks) 

or long-term (52 weeks). 

Additional Conclusions for Smoking and Treatment Variables: 

9. CYP2A6 genotype associated with baseline CPD, where SMs smoked fewer CPD 

compared to NMs. 

10. CYP2A6 genotype associated with baseline 3HC/COT, where SMs had lower 3HC/COT 

and thus lower CYP2A6 activity compared to NMs. 

11. CYP2A6 genotype associated with plasma nicotine and COT levels obtained from patch 

treatment, where SMs obtained higher plasma nicotine and COT levels compared to 

NMs. 
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