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Abstract

It is unclear if genetic variants affect smoking cessation treatment response. This study tested
whether variants in the cholinergic receptor nicotinic alpha 5 subunit (CHRNAS) predict response
to smoking cessation medication by directly comparing two most effective smoking cessation
pharmacotherapies. In this genotype-stratified randomized, double-blind, placebo-controlled
clinical trial (5/2015-8/2019 in St. Louis, Missouri), smokers were randomized by genotype in
blocks of 6 (1:1:1 ratio) to 3 conditions: 12 weeks of placebo (n=273), combination nicotine patch
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and lozenge (cNRT, n=275), or varenicline (n=274). All participants received counseling and were
followed for 12 months. The primary endpoint was biochemically verified 7-day point prevalence
abstinence at the end of treatment (EOT, week 12). Trial registration and eligibility criteria are on
clinicEiltrials.gov (NCT02351167). We conducted the genetic analyses separately for 516
European American (EA) smokers and 306 non-EA smokers (including 270 African American
smokers). In African American smokers, there was a genotype-by-treatment interaction for EOT
abstinence (X2=10.7, df=2. P=0.0049): specifically, cNRT was more effective in smokers with
rsl6969968 GG genotypes than was placebo, while varenicline was more effective in smokers of
GAJ/AA genotypes. In EA ancestry smokers, there was no significant genotype-by-treatment
interaction. In the whole sample, only varenicline, and not cNRT, produced higher abstinence at 6-
month follow-up. In the whole sample, although both were effective at EOT, only varenicline, and
not cNRT, was significantly effective relative to placebo at 6-month follow-up. Importantly, this
study suggests that genetic information can further enhance their effectiveness.
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INTRODUCTION

Tobacco smoking reduces life expectancy by at least ten years on average with many
smoking-related deaths (1). Such premature deaths are preventable; quitting at any age can
lead to numerous health improvements and improve life expectancy by up to ten years.
Unfortunately, most smoking cessation attempts are unsuccessful, even when evidence based
treatments such as FDA approved medications are used (2-5).

Two smoking cessation medications have been shown to be especially effective; multiple
studies have identified varenicline and combination nicotine replacement therapy (CNRT) as
the two most efficacious smoking cessation medications (4-7). Although both medications
are effective, CNRT is more accessible due to availability over the counter and generally
lower cost. Varenicline is less accessible due to its requirement of a physician prescription,
cost, and a previous black box warning (2012-2016) on neuropsychiatric adverse effects (2).
Efficacy of even these two medications are limited in the majority of smokers (4-6).

Many factors may limit the effectiveness of smoking medications: e.g., adverse effects that
limit use and inadequate adherence (3-5). Precision medicine initiatives have the goal of
using individual differences such as genotypes to guide treatment so as to improve health
outcomes (8). One approach would be to identify genetic moderators of smoking treatment
effectiveness or adverse effects and then use such information to inform treatment
application (3, 9, 10).

Multiple large meta-analyses, including our own, have identified genetic markers that predict
heaviness of smoking and smoking cessation, most notably near the cholinergic receptor
nicotinic alpha 5 subunit (CHRNAS) (11-14). In particular, the coding variant rs16969968
changes an amino acid (aspartic acid to asparagine) in CHRNAS. Individuals with the A
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allele: 1) Eire more likely to smoke heavily, 2) have increased risk for lung cancer, 3)
develop lung cancer nearly four years earlier, 4) delay their quitting age by four years, 5) are
less successful in unassisted quit attempts, and 6) may be more likely to benefit from
pharmacotherapy for smoking cessation (15-21).

A 2017 Cochrane review examined different biomarkers and smoking cessation medication
efficacy (22). This review and other evidence, including our own, (23) reported inconsistent
data on the relation of CHRNAS5 with medication efficacy for individuals of European
Ancestry (EA) (15, 17, 22). Specifically, the Cochrane review offers little evidence that NRT
efficacy differs for EA smokers across rsl6969968 genotypes (22).

The pharmacogenetic evidence is more convergent for smokers of African American
Ancestry than it is for EA smokers. The Cochrane review and other evidence showed that
rsl6969968-GG was associated with higher abstinence at end of treatment (EOT)/12 weeks
and 6-month amongst African American smokers who received NRT versus placebo (17,
22). However, while the data suggest that NRT may be the treatment of choice for
rsl6969968-GG smokers, the extant data do not indicate how to treat smokers with the
GAJ/AA genotypes. Previous pharmacogenetic studies have focused on how the efficacy of
NRT varies with CHRNAS5 genotype, but there is limited research in this area on varenicline.
What is needed is a prospective, genetically stratified trial to determine the relation of
CHRNAS genotypes with the two most effective cessation treatments (combination NRT &
varenicline), which have not yet been directly compared with a placebo control in the same
genetically informed trial.

This is the first, prospective, genotype-based stratified randomization trial to compare the
two most effective smoking cessation medications, combination NRT (patch and lozenge:
cNRT) and varenicline, versus placebo, in smokers of European Ancestry and smokers of
non-European Ancestry. This study used a stratified randomized trial design that ensured a
balanced design based on a participant’s pertinent CHRNA5 rsI6969968 genotype. We
examine these hypotheses: 1) whether medication effects on abstinence (CNRT vs.
varenicline vs. placebo) vary with CHRNAS5 rsI6969968 status (i.e. a genotype-by-
medication interaction) and 2) whether the probability of adverse events varies with
genotype within the medication groups (CNRT vs. varenicline vs. placebo).

METHODS

Study design and participants

This is a prospective, genotype-based, stratified randomization trial. We randomly assigned
participants by CHRNA5 516969968 genotypes to one of three treatments for 12 weeks: (1)
varenicline tartrate, (2) nicotine patches and nicotine lozenges, or (3) placebo varenicline
tartrate or placebo nicotine patches/lozenges. Participants receiving active/placebo nicotine
patches/lozenges initiated lozenge use one week pre-quit and initiated patch use on the quit
date. Participants assigned to active/placebo varenicline started 1-week titration pre-quit. All
treatment conditions received cessation counseling (Figure 1). Our primary aim was to
compare the efficacies of cNRT and varenicline with one another and with placebo as a
function of rsl6969968 genotype. Full eligibility criteria are available at clinicaltrials.gov,
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NCT02351167. All patients provided written, informed consent, as approved by the
Institutional Review Board at Washington University in St. Louis. See Supplementary Text 1
for additional information.

Randomization and masking

Procedures

Outcomes

We randomly assigned participants to three treatments in a 1:1:1 ratio. Randomization was
stratified by rsl6969968 genotype in blocks of 6 patients (2 per treatment per block) to
ensure approximate balance. Participants, investigators, and personnel (except for the
biostatistician and senior data manager) were masked to treatment group allocation and
genotype status.

Participants provided a blood sample for genetic analysis. The survey and blood sample
collection were completed at baseline prior to randomization (stratified by CHRNAS
rsl6969968 genotypes). Genotyping for rsl 6969968 was obtained with TagMan® assay or as
part of the GWAS Illumina Omni 2.5 microarray (www.illumina.com) before enrollment.

Participation in this randomized cessation trial involved follow-up assessments for up to 12
months after the scheduled quit date. Self-reported smoking status was assessed using a
standard timeline follow-back procedure, and biochemically verified. See Supplementary
Text 1 for additional information.

The primary outcome was 7-day point prevalence abstinence at EOT (week 12) to estimate
the medication by genotype interaction during the medication period. Abstinence was
defined as no self-reported smoking (not even a puff) for at least 7 days before the
assessment with biochemical verification for those self-reporting abstinence (CO < 8 ppm).
During an in person visit, research assistants assessed tobacco smoke exposure by expired
CO levels using the Micro+™pro Smokerlyzer® (coVita, Haddonfield, NJ). Participants lost
to follow-up were considered smokers.

Secondary endpoints were 7-day point prevalence abstinence with CO verification at 6
months, 7-day point prevalence abstinence at 1 year by self report, adverse effects, and
adherence. Adverse effects were assessed with a detailed inquiry of common adverse effects
at multiple time points (pre-quit, quit, post-quit, weeks 1, 2, 4, 12) and a general inquiry
when participants were off medication (6 months, 1 year). The adverse effects during the
medication phase (pre-quit, quit, post-quit, weeks 1, 2, 4, 12) were summed to create an
overall adverse effect severity score reflecting both frequency and severity. Medication
adherence was assessed by self report and verified with collection of unused medication (or
pill count for phone visits) at EOT.

Statistical analysis

All participants enrolled in the trial (N=822: genotypes = 454 GG, 368 GA/AA) were
included in the analyses including 516 smokers of European ancestry (EA), and 306 non-
European ancestry (non-EA) (270 smokers of African American ancestry, and 36 smokers of
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other ancestry). With pre-specified analytic plan, we conducted the genetic analyses
separately for EA smokers and African American smokers. We also conducted separate
analyses for smokers of non-EA ancestry. Minor allele frequency and linkage disequilibrium
patterns differ across ancestry group for rs16969968 and its region.

To test the main effects of medication, genotype, and a genotype-by-treatment interaction on
the primary and secondary outcomes, we used generalized linear models with PROC
GENMOD using SAS software. We also tested multivariate models controlling for age and
sex. Adverse effects and adherence were examined for each active treatment (vs. placebo)
within each genotype group using generalized linear models. To correct for multiple
comparisons, the adjusted p value threshold was 0.00625 with 8 tests across ancestry groups
and key outcomes.

Retention rates at EOT exceeded 87% and retention did not vary across racial groups,
treatment groups, or CHRNA5rs16969968 genotypes (consort diagram in Figure 1). The
treatment groups did not differ on demographic and smoking history variables (Table 1).
CHRNA5 1516969968 GA/AA genotypes were more common in EA smokers than in non-
EA smokers as expected because the minor allele A is less common in non-EA individuals
than EA individuals (24).

Genotype and Smoking Behaviors

Smokers with CHRNA5s16969968 GA/AA genotypes smoked more cigarettes per day
(B=2.75, 95%CI=1.63-3.88, p=1.0x10-5), versus smokers with CHRNA51s16969968 GG, as
expected since risk genotypes of rsl6969968 (GA/AA) have an established association with
increased smoking quantity (12). There was a nonsignificant trend that smokers in the
placebo arm with CHRNA5 1516969968 GA/AA vs. GG genotypes were associated with
lower abstinence at end of treatment (7.3% vs. 10.0%, X2=0.80, df=I, p=0.44) and lower
abstinence at 6 months (5.7% vs. 12.0%, X2=3.10, df=l, p=0.078).

Pharmacotherapy Effectiveness of cNRT and Varenicline vs. Placebo

For the primary outcome 7-day point prevalence abstinence at EOT, both cNRT and
varenicline vs. placebo were effective (20.0% vs. 8.8%, X?=13.3, df=l, p=0.00026 for cNRT
vs. placebo; 25.5% vs. 8.8%, X2=24.9, df=I, p<0.0001 for varenicline vs. placebo, Figure
2A). For the secondary outcome, 7-day point prevalence abstinence at 6 months, cNRT vs.
placebo was no longer significant (13.5% vs. 9.2%, X2=2.49, df=I, p=0.11), and varenicline
vs. placebo remained significant (20.4% vs. 9.2%, X2=13.2, df=I, p=0.00029, Figure 2B). In
pairwise comparison, varenicline was associated with significantly higher abstinence at 6
months compared to cNRT (20.4% vs. 13.5%, X2=4.70, p=0.030). Age and sex were not
associated with the primary outcome, abstinence at EOT (X2=0.049, p=0.12 for age;
X2=2.37, p=0.83 for sex).
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Pharmacotherapy Effectiveness and Race

Race significantly predicted the primary outcome abstinence at EOT as abstinence rates
were lower in non-EA smokers than EA smokers as shown in Figure 2A1 (OR=0.65, 95%
0=0.44-0.96, p=0.030). Within each racial group, both cNRT and varenicline were effective
compared to placebo at EOT: In EA, cNRT vs. placebo abstinence 21.4% vs. 10.1%,
X2=8.19, p=0.004, and varenicline vs. placebo abstinence 29.6% vs. 10.1%, X2=19.4,
p<0.001. In non-EA, cNRT vs. placebo abstinence 17.8% vs. 6.4%, X2=5.49, p=0.019, and
varenicline vs. placebo abstinence 19.0% vs. 6.4%, X?=6.40, p=0.021. There was no race-
by-treatment interaction (interaction X2=0.65, df=2, p=0.72).

For the secondary outcome, abstinence at 6-month, race was no longer a significant predictor
as shown in Figure 2B1 (OR=0.69, 95%CI1=0.45-1.05, p=0.080). In EA, both cNRT and
varenicline were effective compared to placebo at 6 months (17.3% vs. 8.4%, X2=5.94,
p=0.015 for NRT vs. placebo; 22.5% vs. 8.4%, X2=12.5, p<0.001 for varenicline vs.
placebo). In non-EA, neither cNRT nor varenicline were effective compared to placebo at 6
months (7.5% vs. 10.6%, X2=0.61, p=0.44 for cNRT vs. placebo; 17.1% vs. 10.6%,
X2=1.71, p=0.19 for varenicline vs. placebo). There was no race-by-treatment interaction
(interaction X2=4.07, df=2, p=0.13).

The Interplay of Genotype and Pharmacotherapy on Smoking Cessation Outcomes

Smokers of European Ancestry (EA)—There were 516 EA smokers. For the primary
outcome of abstinence at EOT, both cNRT and varenicline vs. placebo were efficacious
regardless of rs16969968 genotypes (Figure 3B). There was no genotype-by-treatment
interaction for the primary outcome, abstinence at EOT (Interaction X2=0.20, df=2, p=0.91).
Medication efficacy is similar for smokers with rsl6969968 GG vs. GA/AA genotypes
(abstinence 25.4%, 32.3% vs. 12.7% for cNRT, varenicline vs. placebo in GG genotypes;
abstinence 19.3%, 27.9% vs. 8.3% for cNRT, varenicline vs. placebo in GA/AA genotypes).
We confirmed similar results of no genotype-by-treatment interaction after adjusting for age
and sex (interaction X2=0.24, df=2, p=0.89). While adjusting for age, sex, and cigarettes per
day, we found no significant association between baseline cigarettes per day and abstinence
(OR=0.97, X2=3.15, df=I, p=0.076), and reached a similar result of no genotype-by-
treatment interaction (interaction X2=0.32. df=2, p=0.85).

For the secondary outcome, abstinence at 6 months, we found similar results of no
genotype-by-treatment interaction (Interaction X2=0.93, df=2, p=0.63, Figure 4B). For
abstinence at 1 year we found no genotype-by-treatment interaction (Interaction X2=1.04,
df=2, p=0.59; Figure SIB).

We also tested the interaction of each rs16969968 genotypes (GA vs. GA vs. AA) and
medication and found no significant interactions for both abstinence at EOT (X2=4.56, df=4,
p=0.34) and abstinence at 6 months (X2=1.32, df=4, p=0.86), as shown in Figure S2.

Smokers of African American Ancestry—There were 270 African American smokers
within a total of 306 non-European Ancestry smokers. Figure 3C shows the genotype-by-
treatment interaction which was significant for the primary outcome, abstinence at EOT
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(X2=10.7, df=2, p=0.0049). For smokers with rsI6969968 GG, cNRT vs. placebo was
efficacious (abstinence 21.4% vs. 8.6%, X2=4.51, df=l, p=0.029), but varenicline vs. placebo
was not (abstinence 14.8% vs. 8.6%, X2=1.36, df=I, p=0.24). The paired cNRT vs.
varenicline comparison was not significant (abstinence 21.4% vs. 14.8%, X?=1.2, df=,
p=0.27). In contrast, for smokers with rs16969968 GA/AA, varenicline vs. placebo was
efficacious (abstinence 40.0% vs. 0%, X?=7.40, df=I, p=0.0014), but cNRT vs. placebo was
not (abstinence 0% vs. 0%). The pairwise varenicline vs. ctNRT comparison was significant
(abstinence 40.0% vs. 0%, X2=7.79, df=I, p=0.0052). After adjusting for age and sex, we
confirmed similar results of the genotype-by-treatment interaction (interaction X2=I 1.3,
df=2, p=0.0035). While adjusting for age, sex, and cigarettes per day, we found no
significant association of baseline cigarettes per day (OR=0.99, X?= 0.09, df=I, p=0.76), and
reached a similar significant result of a genotype-by-treatment interaction (Interaction
X2=10.9. df=2, p=0.0043).

For the secondary outcome, abstinence at 6 months, the genotype-by-treatment interaction
was trending, but no longer significant for abstinence at 6 months (Interaction X2=4.96,
df=2, p=0.084, Figure 4C). Specifically, for smokers with rsl6969968 GG, neither cNRT nor
varenicline vs. placebo was significant (cNRT vs. placebo, abstinence 8.3% vs. 14.3%,
X?2=1.35, df=l, p=0.24; varenicline vs. placebo, abstinence 13.6% vs. 14.3%, X?=0.02, df=l,
p=0.90). In contrast, for smokers with rsl6969968 GA/AA, varenicline vs. placebo was
efficacious (abstinence 30.0% vs. 0%, X?=5.31, df=I, p=0.021), but not cNRT vs. placebo
(abstinence 7.7% vs. 0%, X2=1.35, df=I, p=0.25). The paired varenicline vs. cNRT
comparison was no longer significant (abstinence 30.0% vs. 7.7%, X2=1.99, df=I, p=0.16).
The 6-month outcome occurred 12 weeks after medication was discontinued. For abstinence
at 1 year, the genotype-by-treatment interaction for rs16969968 GA/AA smokers was no
longer significant (interaction X2=0.78, df=2, p=0.68, Figure SIC).

In addition, we reached similar results when examining all 306 non-European Ancestry
smokers including 270 African American smokers. For abstinence at 12 weeks/end of
treatment, there was a gene-by-treatment interaction (X2=I 1.4, df=2, p=0.0033, Figure 5C).
For abstinence at 6 months, there was a trending but no longer significant gene-by-treatment
interaction (Interaction X2=5.59, df=2, p=0.061, Figure S3C).

Adverse Effects

The frequencies of adverse effects are listed for each treatment group in Table 2. In EA
smokers, there was no significant difference in overall adverse effect severity score across
medication groups of placebo, cNRT vs. varenicline (score means 4.16, 4.07, 4.97, X2=4.45,
df=2, p=0.11) or genotype groups of GG vs. GA/AA (4.31, 4.94, X2=0.31, df=I, p=0.58).
Table S1 shows overall adverse effect severity score stratified by both medication and
genotype groups and there was no significant genotype-by-treatment interaction (X2=4.26,
df=2, p=0.12).

In African American smokers, there was no significant difference in overall adverse effect
severity score across medication groups of placebo, cNRT vs. varenicline (score means 4.15,
4.14, 4.99, X2=1.14, df=2, p=0.57) or across genotype groups of GG vs. GA/AA (4.31, 5.23,
X2=0.71, df=l, p=0.40). Table S1 shows overall adverse effect scores stratified by both
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medication and genotype groups and there was no significant genotype-by-treatment
interaction (X2=4.9, df=2, p=0.086). In addition, we reached similar results when examining
all 306 non-EA smokers including the majority of 270 African American smokers (Table
S2).

Serious adverse events (SAESs), defined as any adverse event irrespective of causality that
resulted in death, was life threatening, required hospitalization, or resulted in disability or
incapacity, were determined by the principal investigator physician and adjudicated by the
DSMB. There were 27 (10%), 23 (8%), and 17 (6%) participants affected by SAEs on
placebo, cNRT, and varenicline, respectively. See additional information on clinicaltrials.gov
(identifier NCT02351167). Treatment effects or genotype-by-treatment interactions on SAE
counts were not significant.

Medication adherence was 64% (95% CI 61%-67%) for EA smokers and 64% (95% Cl
60%—-68%) for African American smokers. Medication adherence was 62% (95% CI 58%
-67%) for placebo, 65% (95% Cl 61%-69%) for cNRT, and 66% (95% CI 61%-70%) for
varenicline. Medication adherence was 65% (95% CIl 61%-68%) for rsl6969968 GG
genotypes and 64% (95% CIl 60%-67%) for GA/AA genotypes. Adherence was similar
across racial groups, treatment arms and genotype groups.

DISCUSSION

This genotype-stratified randomized clinical trial yielded evidence of differential treatment
response for African American Ancestry smokers with different CHRNA5rs16969968
genotypes, but not European Ancestry (EA) smokers. Both cNRT and varenicline were
effective at end of treatment amongst all smokers. Among African American smokers when
both medication and genotype are considered, cNRT is more effective in smokers with GG
genotypes, whereas varenicline is more effective for smokers with GA/AA genotypes. Thus,
this study supports existing pharmacogenetic evidence from independent trials (17, 22, 25)
that NRT vs. placebo may be more effective in African American smokers with rs 16969968
GG than in those with GA/AA genotypes. Beyond this, this study suggests that varenicline
enhances end of treatment abstinence in African American Ancestry GA/AA smokers while
cNRT does not.

This differential effectiveness of medications in African American smokers with different
CHRNAS genotypes does not appear to be due to differences in trial retention, medication
adherence, or adverse effects across genotypes or medications. For example, medication
adherence did not vary meaningfully with medication type and genotype. This is consistent
with existing findings in another trial (10).

Though replication is needed, it is important to note that the medication X gene interaction
amongst African American smokers in this study may be clinically meaningful. The efficacy
of varenicline is much higher (40%) than that of cNRT (0%) for smokers with GA/AA
genotypes. The base rate of GA/AA genotypes in the population must be considered in
evaluating the clinical relevance of these results. GA/AA genotypes occur in about 15% of
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African Americans while GG genotypes occur in about 85% of the population. Although the
percentage of African American smokers with GA/AA is relatively small, there should be
well over a million such smokers in the US given the number of African American smokers.
Cost-effectiveness analysis will be needed to evaluate the cost of genotyping, treatment,
continued smoking, and related health outcomes between precision vs. protocol treatment
regardless of genotypes.

Genotype did not interact with medication in EA smokers, which is in contrast with what we
have found in a previous study (16), but consistent with another study we conducted (23).
With the sample size of 516 EA smokers and 270 African American smokers, we had 0.8
power (2-sided a of 0.01) to detect an interaction effect size of 2.5 in EA smokers and 5.5 in
African American smokers due to the smaller sample size and lower minor allele frequency
in African Americans. Our evidence supports a significant interaction in African Americans
but cannot rule out the possibility of an interaction with a smaller effect size in EAs. In this
study, we tested the hypothesis regarding the effect of the most robust signal, rs16969968 in
CHRNAS, on medication efficacy across diverse ancestry groups. The discrepant findings
across ancestry groups not only highlight the need for replication, but also suggest an
underlying complex biology involving additional genetic markers or interactions.

CHRNAS clearly plays a role in heavy smoking, nicotine dependence, and delayed smoking
cessation as shown in large meta-analyses in EA individuals (12, 26). Our finding supports
the overall evidence that the high-risk genotypes, CHRNAS5 GA/AA are associated with
reduced abstinence. Whether CHRNAS serves as a marker for medication choice among EA
smokers is unclear. The previous Cochrane review on this gene-by-treatment interaction
among EA smokers yielded equivocal results (15,16, 22, 27). Some trials did not participate
in the Cochrane review, so a larger meta-analysis, including more studies, will be needed to
evaluate this issue. On the other hand, it is possible that this pharmacogenetic interaction is
observed in one ancestry group, but not the other, consistent with the Cochrane review, due
to the different genetic backgrounds across ancestry groups and interactions with other
unobserved factors such as nicotine metabolism, a critical factor that differs between
ancestry groups.

This study contributes to our understanding of medication effectiveness in two ways. First,
against a strong prior record of effectiveness for varenicline and cNRT, two recent studies
showed relatively weak effects of these two agents (28, 29). The current study confirms that
both cNRT and varenicline are effective, at least at end of treatment. The second
contribution is that this study suggests a relative long-term superiority of varenicline over
cNRT when both are compared with placebo. Much of prior evidence (4, 28) suggests near
equivalence of the two agents. However, in the current research only varenicline produced
significantly higher abstinence rates at 6-months, than did placebo. In addition, varenicline
produced significantly higher abstinence rates than cNRT at both end of treatment and 6
months. In the field of smoking cessation, the effect of treatment often decreases over time
after the medication is stopped and long-term abstinence remains an important challenge (4—
6).
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Our study had strengths and limitations. One strength is that it is the first smoking cessation
trial to use prospective stratification based on genotypes. Also, the rate of loss to follow up
did not differ by treatment or genotype group. Further, this trial occurred during a time when
electronic cigarettes increasingly became popular among smokers for cessation and
recreational purposes. However, the use of electronic cigarettes was infrequent and similar
across the treatment arms and genotypes, and unlikely to explain our findings. Also, the size
of the study and the mixed ethnicity of participants allowed for investigation of medication
effects in both EA and non-EA smokers. However, there is a clear need to replicate these
findings in independent studies. Our finding regarding higher efficacy of cNRT compared to
placebo in CHRNA5T1s16969968 GG non-EA smokers is consistent with findings reported in
previous trials including a Cochrane review (17, 22). However, our findings regarding
medication effects in GA/AA non-EA smokers should be viewed with caution given the
novelty of the findings and the small size of this subsample. Finally, we examined variants in
only one gene (CHRNADS). It would be important to study the combined effects of additional
biomarkers such as nicotine metabolite ratio (NMR). Genome wide polygenic scores have
become an increasingly useful tool in predicting disease risk, prognosis, and medication
response (12, 30).

The understanding that certain genetic groups are at higher risk for failed smoking cessation
is important. Most quit attempts are undertaken without any pharmacologic aid, while cNRT
and varenicline can improve successful smoking cessation. The prospect of improving
treatment effectiveness for African American smokers is of substantial public health
importance given the racial disparities in smoking-related health outcomes in the US. The
risk, prevalence, and mortality from smoking-related diseases are disproportionately higher
for African American smokers than for European Ancestry smokers, (31, 32) despite African
American smokers consuming fewer cigarettes and initiating smoking at a later age (33).
Moreover, African American smokers are less likely to quit smoking successfully either with
or without treatment (1, 34).

Our data show that in the whole sample of smokers, varenicline tended to produce higher
abstinence than did cNRT, and only varenicline produced significantly higher abstinence
than did placebo at 6-month follow-up. However, interactions between medication and
genotype amongst African American smokers in this study and existing evidence (17, 22,
25) suggest the potential for more precise treatment to further enhance the effectiveness of
cessation medication for this group of individuals who face disproportionate risks of
smoking related harm. Since genotyping is rapidly accepted by the general public via
consumer genomics and increasingly incorporated into electronic health records, it may
serve as a clinical decision aid as we enter the era of precision medicine. Our study identifies
the need for more genetically informed medication choice for all smokers, and in particular
those involving under-represented participants. Our research underscores the notion that
nicotine dependence may be a heterogeneous condition and pharmacotherapies are not
equally effective for all smokers. Continued genome wide research will pave the way for a
future comprehensive treatment algorithm including multiple genetic, non-genetic, and
clinical markers.
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STUDY HIGHLIGHTS
What is the current knowledge on the topic?

Smoking cessation medication efficacy may vary according to CHRNAS genotypes. Prior
research highlights differential response to pharmacotherapy rs16969968, but there is still
insufficient evidence indicating how to treat smokers of diverse ancestry background.

What question did this study address?

This study examined the relation of CHRNAS genotypes with the two most effective
cessation treatments (combination NRT and varenicline) against a placebo, including a
comprehensive pharmacogenetic model of both efficacy and adverse effects/adherence.

What does this study add to our knowledge?

Our findings indicate differential treatment response by CHRNA5 sl 6969968 genotypes
for smokers of African American Ancestry, but not for smokers of European Ancestry.
Among African American smokers, cNRT is more effective in smokers with GG
genotypes, whereas varenicline is more effective for smokers with GA/AA genotypes.

How might this change clinical pharmacology or translational science?

The risk, prevalence, and mortality from smoking-related diseases are disproportionately
higher for African American smokers than for European Ancestry smokers, and these
findings enhance our ability to improve smoking treatment effectiveness for African
American smokers.
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273 Allocated to placebo

3116 Agreed to telephone screening
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894 Consented to study participation

1887 Were excluded at screening
791 Smoked < 5 CPD
486 Declined to participate
242 Recent use of study medication
120 Exhaled CO less than 8 ppm
109 Active psychosis or poorly
controlled depression

96 Not able to use study medication
(allergy, cardiac condition, kidney
disease)

38 Consume 2 6 alcoholic drinks

5 Recent use of electronic cigarettes

822 Randomized

275 Allocated to cNRT

72 Excluded after consent

17 Declined to participate

16 Not able to reach

10 Not able to use study medication
8 Active psychosis
6 Smoked <5 CPD
5 Exhaled CO less than 8 ppm
3 Recent use of study medication
7 Other

274 Allocated to varenicline

150 GG

123 GA/AA

151 GG

124 GA/AA

153 GG 121 GA/AA

134 Retained at EOT
14 Missed
2 Withdrew

104 Retained at EOT
15 Missed
4 Withdrew

141 Retained at EOT
7 Missed
3 Withdrew

107 Retained at EOT
14 Missed
3 Withdrew

143 Retained at EOT

109 Retained at EOT
10 Missed 6 Missed
0 Withdrew 6 Withdrew

140 Retained at 6
months

8 Missed

2 Withdrew

99 Retained at 6
months

14 Missed

10 Withdrew

138 Retained at 6
months

8 Missed

5 Withdrew

107 Retained at 6
months

9 Missed

8 Withdrew

137 Retained at 6

106 Retained at 6

months months
10 Missed 6 Missed
6 Withdrew 9 Withdrew

132 Retained at 1 year

94 Retained at 1 year

128 Retained at 1 year

106 Retained at 1 year

139 Retained at 1 year

105 Retained at 1 year

12 Missed 14 Missed 13 Missed 9 Missed 7 Missed 5 Missed
6 Withdrew 15 Withdrew 10 Withdrew 9 Withdrew 7 Withdrew 11 Withdrew
Figure 1 —.

Consort Diagram.
*full exclusion criteria are available at clinicaltrials.gov, identifier NCT02351167
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Abstinence by treatment group at 12 weeks (end of treatment) and 6 months for the entire

sample, and stratified by race

N=822, 516 smokers of European Ancestry, 306 smokers of non-European Ancestry. (A)
Abstinence at end of treatment. (A1) Abstinence at end of treatment stratified by race. (B)
Abstinence at 6 months. (B1) Abstinence at 6 month stratified by race.
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Table 2.

Adverse effect by treatment groups in the entire sample

Adverse effects among patients treated with placebo, varenicline, or C-NRT

Adverse Effect

Placebo (n=273)

cNRT (n=275)

Varenicline (n=274)

Section A. Agonist AE Symptoms

No. (%) with event

No. (%) with event

No. (%) with event

Nausea 59(21.6) 53(19.3) 92 (33.6)
Vomiting 27(9.9) 28(10.2) 36 (13.1)
Headache 71 (26) 81 (29.5) 81 (29.6)
Rapid, slow, pounding, or irregular heartbeat, 16(5.9) 27 (9.8) 24(8.8)
Insomnia 42 (15.4) 49(17.8) 55(20.1)
Vivid dreams 60(22.0) 63(22.9) 100(36.5)
Section B. Other Adverse Events

Dizziness 39 (14.3) 41 (14.9) 52 (19.0)
Weakness 32 (11.7) 25(9.1) 32 (11.7)
Sweating 29 (10.6) 46 (16.7) 40 (14.6)
Itching/hives 16(5.9) 35(12.7) 29 (10.6)
Rash 22(8.1) 33(12.0) 18(6.6)
Swelling in your face or hands 16(5.9) 15(5.5) 10(3.6)
Swelling or tingling in your mouth or throat 11 (4.0) 20 (7.3) 8(2.9)
Mouth problems 21(7.7) 21(7.6) 20(7.3)
Indigestion 36 (13.2) 41 (14.9) 51 (18.6)
Hiccups 22(8.1) 34(12.4) 43 (15.7)
Chest tightness 16(5.9) 24 (8.7) 24(8.8)
Trouble breathing 22(8.1) 16(5.8) 21(7.7)
Feeling worried, nervous, scared or anxious 58(21.2) 50 (18.2) 64 (23.4)
Feeling panicky or having panic attacks 22(8.1) 22 (8.0) 23(8.4)
Feeling agitated and restless 43 (15.8) 47 (17.1) 56 (20.4)
Feeling hostile or angry towards others 22(8.1) 15(5.5) 32 (11.7)
feeling significantly down, depressed or hopeless 44(16.1) 47 (17.1) 58(21.2)
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