
Tyndale LaboratoryTyndale Laboratory
EwaEwa HoffmannHoffmann
Sharon Sharon MiksysMiksys
Helma NolteHelma Nolte
Anna LeeAnna Lee
Eric SuiEric Sui
Shirley WongShirley Wong
MeenalMeenal JoshiJoshi
Jill Jill MwenifumboMwenifumbo
VibaViba MaliayandiMaliayandi
Jiang Jiang YueYue
QianQian ZhouZhou
Linda LiuLinda Liu
NaelNael Al Al KoudsiKoudsi
Kerri Kerri SchoedelSchoedel
AmanAman MannMann
Sandy Sandy FaheimFaheim
JibranJibran KhokarKhokar
Lisa HowardLisa Howard
MankiManki HoHo
Former, Summer and thesis studentsFormer, Summer and thesis students

Funding FromFunding From
CIHR: MT-14173; MT-14719, Tobacco research 

training grants and doctoral awards
Canadian Research Chair in Pharmacogenetics
NCIC: 010271
NIH Pharmacogenetics Network 
NIDA: DA06889
Centre for Addiction and Mental Health
Nicogen Research Inc

Highlights from 
Pharmacogenetics

Highlights from Highlights from 
PharmacogeneticsPharmacogenetics

Collaborators
Ed Sellers
Caryn Lerman
Neal Benowitz
Gary Swan
Huijun Ring
Jennifer O’Loughlin
Janet Audrain
Margaret Spitz
John McLaughlin
Tamara Wall
Jeff Jones

Dec 1942

Denise Kandel
Jasjit Ahluwalia
Lisa Cox
Ming Tsao
Kolawole Okuyemi
Frank Gonzalez
Mark Myers



Pharmacogenetics of 
Treatment
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Current treatment: low efficacy 

Genetic variation in response

Tailor medication to genetic 
make-up

Discover novel targets for drug 
development



Genetically Reduced CYP2A6 
increases nicotine plasma levels

Genetically Reduced CYP2A6 Genetically Reduced CYP2A6 
increases nicotine plasma levelsincreases nicotine plasma levels
Nicotine 4 mg base, oral Japanese subjects 
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CYP2A6 Genotype: Fractional 
Clearance of Plasma NIC to COT

(Twin NIC infusion cohort)

CYP2A6 Genotype: Fractional CYP2A6 Genotype: Fractional 
Clearance of Plasma NIC to COTClearance of Plasma NIC to COT

(Twin NIC infusion cohort)(Twin NIC infusion cohort)
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Other enzymes are not compensating Other enzymes are not compensating 
for altered CYP2A6 activityfor altered CYP2A6 activity

Decreased CYP2A6 activity :Decreased CYP2A6 activity :
↓↓ Number of Cigarettes/day Number of Cigarettes/day 
↓↓ Duration Tobacco DependenceDuration Tobacco Dependence
↓↓ Risk to be an adult smokerRisk to be an adult smoker
↑↑ Success of QuittingSuccess of Quitting
↑↑ Success on Nicotine patchSuccess on Nicotine patch

Genetic studies suggest smoking is 
altered by variable nicotine metabolism:

Genetic studies suggest smoking is 
altered by variable nicotine metabolism:

Rao et al., 2000; Gu et al., 2000; Xu et al., 2002; Scheodel et al. 2004; O’Loughlin et al 2004



Slow Metabolism and Nicotine Replacement 
Therapy Hypotheses:

Slow Metabolism and Nicotine Replacement Slow Metabolism and Nicotine Replacement 
Therapy Hypotheses:Therapy Hypotheses:

Slow nicotine metabolizers will have:Slow nicotine metabolizers will have:
Nicotine PatchNicotine Patch

== use of patch (?)use of patch (?)
nicotine levels on the patch (25% higher) nicotine levels on the patch (25% higher) 
treatment responsetreatment response

Nicotine SprayNicotine Spray
== nicotine levels (titration) but will require nicotine levels (titration) but will require 

doses to achieve this (50% less)doses to achieve this (50% less)
= = treatment response treatment response 



Genetically Slow Metabolizers 
smoke less per day
(treatment seeking population)

Genetically Slow Metabolizers Genetically Slow Metabolizers 
smoke less per daysmoke less per day
(treatment seeking population)(treatment seeking population)
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Genetically Slow Metabolism 
alters smoking

(treatment seeking population)

Genetically Slow Metabolism Genetically Slow Metabolism 
alters smokingalters smoking

(treatment seeking population)(treatment seeking population)
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Genetically Slow Metabolizers have 
higher nicotine on the patch 

(treatment seeking population)

Genetically Slow Metabolizers have Genetically Slow Metabolizers have 
higher nicotine on the patch higher nicotine on the patch 

(treatment seeking population)(treatment seeking population)
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Genetically Slow Metabolizers have lower 
usage & equal nicotine using the spray

(treatment seeking population)

Genetically Slow Metabolizers have lower Genetically Slow Metabolizers have lower 
usage & equal nicotine using the sprayusage & equal nicotine using the spray

(treatment seeking population)(treatment seeking population)
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Slow Metabolizers have better treatment 
with Nicotine Patch but not Spray

Slow Metabolizers have better treatment Slow Metabolizers have better treatment 
with Nicotine Patch but not Spraywith Nicotine Patch but not Spray
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Pharmacogenetic Impact on 
Nicotine Replacement Therapy
PharmacogeneticPharmacogenetic Impact on Impact on 

Nicotine Replacement TherapyNicotine Replacement Therapy

Slow metabolizers:
Baseline smoking (similar to non-treatment seeking smokers)

Cigs/day (titration)
Time to first cigarette, but = interest in first cigarette

Treatment effects
Patch

Nicotine levels on nicotine patch, = usage
Cessation than on nicotine patch

Spray
= Nicotine levels on nicotine spray, but usage
= Cessation in spray

Maliyandi et al., Mol Psych 2006      Lerman et al., Clin. Pharm Ther. 2006



Pharmacogenetic Impact on 
Nicotine Replacement Therapy
PharmacogeneticPharmacogenetic Impact on Impact on 

Nicotine Replacement TherapyNicotine Replacement Therapy

Identify Fast and Slow metabolizers using
3HC/COT ratio from smoking (blood, saliva, urine)
CYP2A6 genotype

Treatment 
Fast metabolizers need higher doses of NRT patch 
Fast metabolizser will titrate spray levels

Maliyandi et al., Mol Psych 2006      Lerman et al., Clin. Pharm Ther. 2006



Bupropion (Zyban®) in Smoking Cessation

Damaj 2004, Hayford 1999, Hurt 1997, Slemmer 2000, Stahl 2003, Tonnesen 2003, Faucette 2000

• Only non-nicotinic drug approved for smoking cessation
• Inhibits norepinephrine and dopamine reuptake; is a nicotinic receptor antagonist
• Bupropion is also Wellbutrin® used for depression
• Six month bupropion abstinence rates are 11-15% above placebo rates
• Half-lives: bupropion 19 ± 5 h; active metabolite 21 ± 5 h

Bupropion

Will genetic variants that result in slow CYP2B6 affect 
bupropion-mediated smoking cessation? 

6-Hydroxybupropion
CYP2B6



Clinical Trial Design

Bupropion (150 mg bid) or placebo, and behavioural counseling
Started 2 weeks before target quit date, continued for 8 weeks
Inclusion criteria: minimum 10 cigarettes/day, 18 years old
Exclusion criteria: seizure disorder, psychiatric disorder, brain

tumor, diabetes, alcoholism, other drug addictions, pregnancy

Main outcomes:
Abstinence at EOT (measured 8 weeks after quit date)
Abstinence at 6 month follow-up
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CYP2B6*6 group

(CYP2B6*1/*6 & CYP2B6*6/*6)
predicted decreased activity

CYP2B6*1 group

(CYP2B6*1/*1)
predicted normal activity

Activity groups

Total 147 (45%)

70 on placebo
77 on bupropion

*1/*6 & *6/*6

Total 177 (55%)

78 on placebo
99 on bupropion

*1/*1

N=324 
(% of population)

CYP2B6 
genotypes

Population restricted to 
CYP2B6*1 or CYP2B6*6, and Caucasians



0.080.0817.7 17.7 ±± 4.44.416.6 16.6 ±± 3.13.116.9 16.9 ±± 3.23.216.3 16.3 ±± 3.43.4Age of smoking Age of smoking 
initiation (years)initiation (years)

0.610.616.4 6.4 ±± 1.41.46.3 6.3 ±± 1.51.56.3 6.3 ±± 1.21.26.1 6.1 ±± 1.21.2Urge to smoke Urge to smoke 
scorescore

0.420.4232.2 32.2 ±± 7.77.731.0 31.0 ±± 7.27.231.3 31.3 ±± 7.47.430.1 30.1 ±± 7.97.9Withdrawal and Withdrawal and 
craving scorecraving score

0.910.915.2 5.2 ±± 2.12.15.3 5.3 ±± 2.02.05.4 5.4 ±± 2.02.05.2 5.2 ±± 2.52.5Nicotine Nicotine 
dependence dependence 
(FTND)(FTND)

0.500.5020.8 20.8 ±± 8.08.021.4 21.4 ±± 6.76.721.7 21.7 ±± 9.09.023.1 23.1 ±± 12.212.2Cigarettes per Cigarettes per 
dayday

ppCYP2B6*6CYP2B6*6
bupropionbupropion

CYP2B6*6CYP2B6*6
placeboplacebo

CYP2B6*1 CYP2B6*1 
bupropionbupropion

CYP2B6*1CYP2B6*1
placeboplacebo

Baseline VariableBaseline Variable

No differences in baseline variables between 
genotype groups split by treatment



Genetic variation in CYP2B6 
alters Bupropion Efficacy

Genetic variation in CYP2B6 Genetic variation in CYP2B6 
alters alters BupropionBupropion EfficacyEfficacy

Placebo
Bupropion

End of treatment
Drug x Genotype 

OR 2.93 (1.04,8.28) p=0.04

6 Month follow-up
Drug x Genotype 

OR 2.94 (0.97,8.24) p=0.05
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Genetic variation in CYP2B6 
alters Bupropion Efficacy

Genetic variation in CYP2B6 Genetic variation in CYP2B6 
alters alters BupropionBupropion EfficacyEfficacy

Placebo
Bupropion

End of treatment
Drug x Genotype 

OR 2.93 (1.04,8.28) p=0.04

6 Month follow-up
Drug x Genotype 

OR 2.94 (0.97,8.24) p=0.057
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Genetic variation in CYP2B6 
alters Bupropion Efficacy

Genetic variation in CYP2B6 Genetic variation in CYP2B6 
alters alters BupropionBupropion EfficacyEfficacy

Placebo
Bupropion

End of treatment
Drug x Genotype 

OR 2.93 (1.04,8.28) p=0.04

6 Month follow-up
Drug x Genotype 

OR 2.94 (0.97,8.24) p=0.057
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CYP2B6*6 group vs CYP2B6*1
benefited more from bupropion over placebo 
bupropion abstinence rates were maintained at 6 months 
should be treated with bupropion, increases and maintains 
abstinence rates at 6 months (45% of pop.)

CYP2B6*1 group vs CYP2B6*6
had high placebo abstinence rates
did not benefit with bupropion over placebo (55% of pop.)

CYP2B6 genotype affects 
bupropion treatment outcomes
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