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Abstract

Objective—Recent evidence suggests that the efficacy of smoking cessation pharmacotherapy 

can vary across patients based on their genotypes. This study tests whether the coding variant 

rs16969968 in the CHRNA5 nicotinic receptor gene predicts the effects of combination nicotine 

replacement therapy (cNRT) and varenicline on treatment outcomes.

*Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:…
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Method—In two randomized smoking cessation trials comparing cNRT vs. placebo, and 

varenicline vs. placebo, we used logistic regression to model associations between CHRNA5 

rs16969968 and abstinence at end of treatment.

Results—For abstinence at end of treatment, there was an interaction between cNRT and 

rs16969968 (X2=8.15, df=2, omnibus-p=0.017 for the interaction); individuals with the high-risk 

AA genotype were more likely to benefit from cNRT. In contrast, varenicline increased 

abstinence, but its effect did not vary with CHRNA5. However, the genetic effects differed 

between the placebo control groups across two trials (wald=3.94, df=1, p=0.047), this non-

replication can alter the interpretation of pharmacogenetic findings.

Conclusions—Results from two complementary smoking cessation trials demonstrate 

inconsistent genetic results in the placebo arms. This evidence highlights the need to compare the 

most effective pharmacotherapies with the same placebo control to establish pharmacogenetic 

evidence to aid decisions on medication choice for patients trying to quit smoking.
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1. INTRODUCTION

Smoking is a leading cause of preventable death and disability worldwide (Knopik et al., 

2012; Schroeder, 2013; Thun et al., 2013; Whiteford and Baxter, 2013), and smoking 

cessation greatly diminishes the increased risk of mortality (Jha et al., 2013). Two 

pharmacotherapies have been shown to be more effective than others for smoking cessation: 

combination Nicotine Replacement Therapy (cNRT) and varenicline (Fiore and Baker, 

2011; Fiore et al., 2008; Piper et al., 2009).

Cessation treatment may be improved via personalized medicine: i.e., using individual 

genetic markers to maximize efficacy and minimize side effects (McMahon and Insel, 2012; 

Vaidyanathan, 2012). Smokers vary greatly in the benefit they derive from particular 

pharmacotherapies, and genotypes may predict their response to a specific pharmacotherapy 

(Chen et al., 2014; David et al., 2013; Gold and Lerman, 2012; McGeary et al., 2012; Ray et 

al., 2009; Rose et al., 2010; Uhl et al., 2010). Large scale genome-wide association (GWA) 

meta-analyses (Liu et al., 2010; TAG, 2010; Thorgeirsson et al., 2010) have confirmed an 

association between nicotine dependence and the genetic variant rs16969968, which results 

in an amino acid change (D398N) in the nicotinic receptor gene CHRNA5 (Saccone et al., 

2007). CHRNA5 encodes the α5 nicotinic receptor subunit and plays a role in the 

pharmacodynamic pathway of nicotine dependence (Fowler et al., 2011). Further studies 

have demonstrated change in the receptor function in response to nicotine agonists given this 

amino acid change in the a5 nicotinic receptor subunit (Bierut et al., 2008a; Brown et al., 

2007). Growing evidence indicates that rs16969968 in CHRNA5 is a predictor for smoking 

cessation in some circumstances and predicts a delay in successful smoking cessation (Baker 

et al., 2009; Bergen et al., 2013; Chen et al., 2012, 2015; Freathy et al., 2009; Munafo et al., 

2011; Sarginson et al., 2011; Zhu et al., 2014).
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Using data from the University of Wisconsin Transdisciplinary Tobacco Use Research 

Center (UW-TTURC), we have previously shown that CHRNA5 gene modulates clinical 

response to NRT. Specifically, smokers with the high risk genotypes were less likely to quit 

while receiving placebo medication (Chen et al., 2012). Whether the effects of these two 

effective pharmacotherapies (cNRT and varenicline) vary with CHRNA5 is of clinical 

interest because these results may potentially inform medication choice.

Using data from both the UW-TTURC trial and the varenicline smoking cessation trial by 

Pfizer (Gonzales et al., 2006; Jorenby et al., 2006), we can examine the effects of CHRNA5 

and the two most effective cessation pharmacotherapies (varenicline and cNRT) on smoking 

abstinence. These two studies differ in type of participants, medication comparator, study 

duration, and design. However, complementary analyses can be developed for these two 

research designs. Our primary aim was to obtain and compare evidence on how the genetic 

effect of CHRNA5 predicts smoking abstinence when subjects receive different treatments.

2. METHODS

2.1 University Of Wisconsin Transdisciplinary Tobacco Use Research Center (Uw-Tturc) 
Trial

Participants were eligible if they were 18 years of age or older, and smoked 10 or more 

cigarettes per day (Piper et al., 2009). The University of Wisconsin-Madison IRB approved 

this trial, and all subjects provided written informed consent. Participants (N = 328) were 

randomly assigned to either placebo (n = 135) or cNRT (nicotine patch and nicotine lozenge, 

n =193) for 8 weeks. Additional arms in this trial, not analyzed in this analysis, included 

nicotine patch, nicotine lozenge, bupropion SR, and bupropion/nicotine lozenge (n = 747). 

All participants received individual counseling.

The primary outcome was the biochemically confirmed 7-day abstinence at end of treatment 

(EOT, 8 weeks post-quit). All self-reports of abstinence were confirmed by an expired 

carbon monoxide (CO) level of less than 10 parts per million (ppm). Individuals with 

missing data were considered to be smoking. This sample was previously examined by Chen 

et al. (2012) who reported the interaction of CHRNA5 and medication on smoking 

abstinence (Chen et al., 2012). This paper presents new analyses targeting the effect of 

CHRNA5 rs16969968 in the cNRT and placebo arms.

Genotyping was performed by the Center for Inherited Disease Research at Johns Hopkins 

University using the Illumina Omni2.5 microarray (www.illumina.com). Data cleaning was 

led by the GENEVA Coordinating Center at the University of Washington.

2.2 Varenicline Randomized Controlled Trial

Participants were eligible if they were 18–75 years of age, smoked 10 or more cigarettes per 

day, and had < 3 months of abstinence in the past year (Gonzales et al., 2006; Jorenby et al., 

2006). This trial was conducted at 19 centers in the US and the IRB at each site approved 

this trial. All subjects provided written informed consent including genetic analyses. 

Participants (N=790) were randomly assigned to either placebo (n = 376) or varenicline (n = 
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414) for 12 weeks. An additional study arm not included in this analysis was bupropion (n = 

345). All participants received individual counseling.

The primary endpoint was 4-week continuous abstinence for the last 4 weeks of treatment 

(weeks 9–12). Abstinence at each visit was defined as a self-report of no smoking since the 

previous visit, confirmed by an expired CO level of 10 ppm or less. In the case of missed 

visits, if at the next visit there was a self-report of no smoking and no use of other tobacco 

products, a status of not smoking was imputed. This sample was previously examined by 

King et al who reported association of multiple nicotinic receptor genes including CHRNA5 

(reported variant rs518425 has low correlation with rs16969968) and abstinence in the 

varenicline arm (King et al., 2012). This paper presents new analyses targeting the 

comparison of cNRT vs. placebo arms focusing on the CHRNA5 rs16969968 genotype.

Genotyping was performed on the Illumina Golden Gate platform, ABI Taqman and SNPlex 

methods. Genotyping call rates and Hardy-Weinberg equilibrium were previously published 

(King et al., 2012).

2.3 Analysis

The primary phenotype was smoking abstinence at EOT, and the primary predictor was the 

rs16969968 genotype. We used logistic regression models. Subjects of European ancestry 

were examined. The following covariates were tested: gender, age, cigarettes per day (in 4 

levels: < 10, 11–20, 21–30, ≥31), and treatment (placebo vs. cNRT in the UW-TTURC trial; 

placebo vs. varenicline in the varenicline trial). Age did not differ across treatment arms and 

was not significantly associated with cessation outcomes, so it was not included in the final 

models.

3. RESULTS

3.1 CHRNA5 and pharmacotherapy are associated with abstinence

3.1.1 UW-TTURC Trial (N=328)—Table S11 shows demographics and genotype 

frequencies. 48.5% of participants were abstinent at EOT (8 weeks post-quit). Receiving 

cNRT, compared to placebo, increased abstinence (60.1% in cNRT n =193; 31.9% in 

placebo n =135; OR=3.17, 95% CI=1.99–5.05, df=1, p= 8.1×10−6).

Consistent with our previous findings, the association of rs16969968 genotypes with 

abstinence depended upon treatment condition. Rs16969968 genotypes were associated with 

abstinence in the placebo group (X2=6.54, df=2, p=0.038), but not in the cNRT group 

(X2=2.55, df=2, p=0.28). The effect of cNRT differed across genotype groups (GG: 

OR=1.57, 95% CI=0.79–3.16, df=1, p= 0.20; GA: OR=4.45, 95% CI=2.21–8.98, df=1, p= 

3.1×10−5; AA: OR=14.7, 95% CI=2.57–84.3, df=1, p= 0.0025). These results reflect a 

significant interaction between treatment (placebo versus cNRT) and rs16969968 genotypes 

(Table 1; Figure 1).

1Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:…
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We found a similar pharmacogenetic interaction result after adjusting for cigarettes per day 

(CPD; Table S32). We identified the utility of CHRNA5 genotypes in predicting response to 

cNRT (Fig 1A): the clinical impact of this interaction was exemplified by the number 

needed to treat (NNT), which varied with genotypes. Smokers with AA and GA genotypes 

were more likely to respond to cNRT (NNT=2.6 and 3.9, respectively). Conversely, smokers 

with the GG genotype received less benefit from cNRT (NNT=19.2).

3.1.2 Varenicline Trial (N=790)—In the trial, 38.0% of participants had 4-week 

continuous abstinence at EOT (weeks 9–12 post-quit). Receiving varenicline, compared to 

placebo, increased abstinence (53.1% in varenicline arm n=414; 21.3% in placebo arm 

n=376; OR=4.18, 95% CI=3.05–5.72, df=1, p= 5.5×10−19). Varenicline was associated with 

abstinence across all three genotype groups (GG: OR=4.65, CI=2.85–7.57, p= 7.0×10−10; 

GA: OR=3.89, 95% CI=2.44–6.20, df=1, p= 1.0×10−8; AA: OR=3.80, 95% CI=1.56–9.27, 

df=1, p= 0.0033).

Unlike the UW-TTURC trial results, rs16969968 genotype was not associated with 

abstinence in the placebo group or the varenicline group (Table 1; Figure 1), and there is no 

pharmacogenetic interaction. Given the sample size (n=403 in placebo; n=428 in 

varenicline), 2-sided α of 0.05, and baseline abstinence rate of 0.21, we had power to detect 

a genotypic association with an OR of 0.66 or lower. In the varenicline trial, NNT for 

varenicline did not vary much by genotype (NNT=3.6, 3.3, 2.9 for smokers with AA, GA 

GG genotypes, respectively).

3.2. Placebo arms differ between trials

Both trials include a placebo arm and the genotypic associations in the placebo arms 

significantly differed between these two trials (interaction wald=3.94, df=1, p=0.047). In the 

UW-TTURC trial, CHRNA5 rs16969968 genotypes were associated with abstinence at EOT 

in the placebo group (X2=6.54, df=2, p=0.038). Unlike the UW-TTURC trial results, 

rs16969968 genotype was not associated with abstinence at EOT in the placebo group 

(X2=0.21, df=2, p=0.90) in the varenicline trial.

4. DISCUSSION

Our findings demonstrate the significant difference in the CHRNA5 genetic effect on 

abstinence at end of treatment in the placebo groups in two cessation trials. This difference 

across the two trials is likely due to heterogeneity in study design such as ascertainment, 

placebo conditions, and counseling effects. This difference in placebo groups substantially 

alters the interpretation and comparison of pharmacogenetic effects of two highly effective 

smoking cessation pharmacotherapies (cNRT and varenicline). Comparison of results from 

these two important trials highlights the need for a head-to-head comparison trial with a 

uniform placebo control to compare the pharmacogenetic effects related to both 

pharmacotherapies. No randomized trial has yet compared the efficacy of varenicline and 

cNRT with the same placebo control (Rigotti, 2013). Thus, the current results are intriguing 

and suggest caution in extrapolating research findings into clinical practice.

2Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:…
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Combination NRT (cNRT) and varenicline have been identified as the two most effective 

smoking cessation medications (Cahill et al., 2013; Fiore et al., 2008). In the UW-TTURC 

trial, the efficacy of cNRT varied with rs16969968 genotypes, representing a 

pharmacogenetic interaction. In contrast, in the varenicline trial, we found that the efficacy 

of varenicline did not vary with CHRNA5 genotypes, which then leads to the conclusion that 

all subjects respond to varenicline regardless of CHRNA5 rs16969968 genotype. These 

results are based on retrospective analyses of existing trials testing different medications, 

using dissimilar designs, and showing markedly different clinical success in the placebo 

arms (e.g., 44% vs. 22% abstinence for GG genotypes in the UW-TTURC and varenicline 

trials), all of which suggest caution in the interpretation of these pharmacogenetic effects as 

well as raise the question about why the placebo responses are differing significantly 

between the two studies.

The results of this study should be interpreted in the context of several limitations. First, the 

power was limited in specific treatment or placebo arms due to sample sizes. Thus, the 

observed association or lack of association between CHRNA5 and smoking cessation should 

be considered preliminary. Second, the genetic risk for cessation cannot be directly 

compared across the different pharmacotherapy conditions (cNRT vs. varenicline) due to 

dissimilar study designs. Third, this work studies only one gene and it is clear that multiple 

genes contribute to smoking cessation success. Finally, this study only included subjects of 

European descent.

In summary, this work highlights the challenges and needed evidence to translate genetic 

research findings in the area of precision medicine. Using two complementary trials, the 

genetic effect on placebo response differs significantly between the two trials and this 

difference then influences the interpretation of pharmacogenetic response of smoking 

cessation. If the results in the placebo groups were reversed in the two trials, a completely 

different interpretation of the pharmacogenetic results would follow. This finding highlights 

the importance of having a head-to-head comparison with the same placebo control in 

pharmacogenetic research in order to achieve the goal of precise smoking cessation 

treatments (Rutter, 2006).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Comparisons of smoking cessation trials demonstrate inconsistent genetic 

results.

• A placebo control arm is important to determine the pharmacogenetic effect.

• Individuals with risk genotypes have difficulty quitting smoking without 

treatment.

• This increased risk may be ameliorated by effective pharmacological treatment.
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Figure 1. 
Medication efficacy on abstinence EOT and CHRNA5 rs16969968 genotypes:

1. UW-TTURC trial shows that combination NRT increases abstinence EOT in 

genotypes GA and AA, but not GG. Varenicline trial shows that varenicline 

increases abstinence across genotypes.

2. Genotypic effects in the placebo groups differ between these two trials.

aUW-TTURC trial: Combination NRT increases abstinence(OR=3.17, 95% CI=1.99–5.05, 

df=1, p= 8.1×10−6). A significant interaction between treatment (placebo versus 

combination NRT) and rs16969968 genotypes (X2=8.15, df=2, omnibus-p=0.017 for the 

interaction).
bVarenicline trial: Varenicline increases abstinence (OR=4.18, 95% CI=3.05–5.72, df=1, 

p=5.5×10−19).

The CHRNA5 rs16969968 genotypic effects on abstinence in the placebo groups differ 

significantly between the two studies (rs16969968*Study Interaction Wald=3.94, df=1, 

p=0.047). There is a genotypic effect in the UW-TTURC trial placebo arm, but not in the 

varenicline trial placebo arm.

NNT: number needed to treat
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Table 1

CHRNA5 rs16969968 and the Medication Effect on Abstinence at End-of-Treatment

UW-TTURC Trial (N=328) Abstinence at End of Treatment

Odds Ratio 95% C.I. P-value

Genotypes (rs16969968)

  GG reference

  GA 0.42 (0.19, 0.90) 0.025

  AA 0.23 (0.05, 1.15) 0.073

Treatment Status

  Placebo reference

  Combination NRT (cNRT) 1.57 (0.78, 3.13) 0.21

Interaction of Genotypes and Intervention (a)

  GG*cNRT reference

  GA*cNRT 2.92 (1.09, 7.82) 0.033

  AA*cNRT 9.79 (1.51, 63.6) 0.017

Varenicline Trial (N=790)

Genotypes (rs16969968)

  GG reference

  GA 0.82 (0.59, 1.13) 0.23

  AA 0.75 (0.45, 1.24) 0.26

Treatment Status(b)

  Placebo reference

  Varenicline 4.18 (3.05, 5.72) 5.5*10−19

All models were adjusted for gender. C.I.=Confidence Interval

(a)
chi squared=8.15, df=2, omnibus p=0.017 for the overall interaction effect.

(b)
test of gene-treatment interaction is not significant with chi square=0.32, df=2, omnibus p=0.85.
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