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Introduction: There is increasing evidence that response to
pharmacological treatment for nicotine dependence may be
moderated by genetic polymorphisms. However, the feasibility,
acceptability, and impact of genetically tailoring treatment in
real-world clinical settings are unknown.

Methods: We conducted a multiphased, mixed-methods fea-
sibility study with current smokers to develop and evaluate a
patient-centered, theoretically grounded personalized medi-
cine treatment protocol. The initial research phase included
formative work to develop intervention materials. The second
phase included a randomized pilot trial to evaluate the inter-
vention. Trial participants (n = 36) were genotyped for ANKKI
rs1800497 and were randomized to receive genetic feedback
(GF) plus standard behavioral counseling (BC) for smoking ces-
sation or BC without GE All participants received genetically
tailored pharmacotherapy (nicotine patch or bupropion).

Results: The intervention was feasible to implement and was
acceptable to participants based on satisfaction ratings and objec-
tive measures of participation. There was no evidence that the GF
resulted in adverse psychological outcomes (e.g., depression, fatal-
ism, reduced perceived control over quitting, differential motiva-
tion for quitting) based on quantitative or qualitative outcomes.

Conclusions: Study results suggest that it is feasible to offer
treatment within a health care setting that includes geneti-
cally tailored pharmacotherapy and doing so had no apparent
adverse psychological impacts. Further evaluation of pharma-
cogenetically tailored smoking cessation interventions appears
warranted.
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Introduction

Best practice for the treatment of nicotine dependence calls for a
combination of behavioral counseling (BC) and pharmacotherapy
(Fiore et al., 2008). However, even with our best combination
therapies, most smokers relapse or do not maintain long-term
abstinence (Fiore et al., 2008). The limited efficacy of our current
standard, “one-size-fits-all” treatments has prompted researchers
to explore whether individual treatment response varies by geno-
type (David et al., 2008, 2011). Emerging evidence from candidate
gene and genome-wide association studies have identified associa-
tions between genetic polymorphisms in multiple pharmacologi-
cal pathways (drug receptor, signaling, or metabolic) and efficacy
of or side effects from nicotine replacement therapy (NRT), bupro-
pion, or varenicline (Gold & Lerman, 2012; Kortmann, Dobler,
Bizarro, & Bau, 2010; Uhl et al., 2008, 2010). This suggests that
individual treatment response may be influenced by one’s genetic
profile. In addition, when people believe their health problems
have a genetic cause, the perceived effectiveness of pharmacologi-
cal treatment increases (Marteau & Weinman, 2006). Since per-
ceived effectiveness predicts treatment use, there is good reason to
assume that genetically tailoring pharmacotherapy could improve
treatment outcomes through a combination of improved adher-
ence (Marteau et al., 2012) and better treatment response.

At present, it remains unclear which genetic polymorphisms
will be most informative for treatment tailoring, but personalized
medicine is expected to play a larger role in standard clinical
care in the future (Altman, 2011; Collier, 2012). This innovation
has been met with both enthusiasm and caution (Allison, 2008;
Goldsmith, Jackson, O’Connor, & Skirton, 2012; Hamburg &
Collins, 2010). Barriers include cost (Dean, 2009), the need
for greater education and genetic literacy among patients and
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providers (Baars, Henneman, & Ten Kate, 2005; Collier, 2012;
Quaak, Smerecnik, van Schooten, de Vries, & van Schayck, 2012;
Suther & Goodson, 2003), and individuals’ skepticism about
genetic testing and its benefits for treatment (Park et al., 2011).
Despite these concerns, rapid developments in industry-based
direct-to-consumer marketing of pharmacogenetic products
could drive demand from consumers. Thus, there is a need to
understand how to best design and deliver genetically tailored
interventions, in addition to understanding their effectiveness.
It is also important to determine that these interventions are
safe (Collins, Green, Guttmacher, Guyer, & U.S. National
Human Genome Research Institute, 2003; Secretary’s Advisory
Committee on Genetics Health and Society, 2008). That is, that
they do not result in adverse psychological outcomes such as
increased depression and that they do not undermine important
cognitive treatment mediators such as motivation, intent to
quit, self-efficacy, or perceived control over one’s ability to quit
smoking. These are issues that warrant further research.

The goal of the current study was to develop and evaluate
a patient-centered personalized medicine protocol for smokers
ready to quit. We examined the feasibility of offering the person-
alized intervention within the context of a health care setting, the
acceptability of the intervention to smokers, and the preliminary
psychological and behavioral impacts of offering genetic feed-
back (GF) and tailored pharmacotherapy to smokers. Findings
from this pilot work are intended to inform future research.

There are hundreds of candidate genes that could ultimately
inform cessation treatment outcome, but at the time this study
was designed in 2006, the most widely replicated gene associa-
tions with abstinence outcomes were with dopamine pathway
genotypes with bupropion and NRT. Data on varenicline were
not yet available. Candidate gene selection for this trial was
largely informed by two placebo-controlled trials of bupropion
and one of transdermal NRT (David, Brown et al., 2007; David,
Strong et al., 2007; E. Johnstone et al., 2004; Lerman et al., 2003).
Observed abstinence effect sizes for the most widely studied
of these polymorphisms (rs1800497) suggested that NRT was
more effective among persons with the A1/A1 or A1/A2 alleles
and bupropion was more effective among persons with the A2/
A2 allele. These results are consistent with more recent trials that
have also shown that persons with A1/A1 or A1/A2 genotypes
have more favorable response to NRT patch (Breitling et al.,
2011; Stapleton, Sutherland, O’Gara, Spirling, & Ball, 2011).
Others have suggested a gene (ANKKI) X sex interaction (E.
C. Johnstone et al., 2004; Yudkin et al., 2003) or gene (ANKKI)
x gene (CYP2B6 or SLC6A3) interactions (David, Brown et al,,
2007; Lerman et al., 2003; Swan et al., 2007), but the limited state
of the science in 2006 precluded these details from informing
the design of the current pilot trial, which is aimed at under-
standing the psychological and behavioral impact of the GF as
opposed to the efficacy of the genetically tailored treatment.

Overview of Mixed-Methods Study

Design
We conducted a two-phased, mixed-methods study. Phase 1
involved formative research to develop and refine a patient-centered,

theoretically grounded behavioral intervention for delivering
genetically tailored smoking cessation treatment. Phase 2 assessed
the feasibility and acceptability of delivering the comprehensive,
genetically tailored smoking cessation intervention and the impact
of this intervention on key psychological and behavioral outcomes.
The study was not designed to examine gene x drug interactions.
Rather, our intent was to evaluate the effect of the GF on our out-
comes of interest. All activities were reviewed and approved by the
Institutional Review Boards at Group Health Cooperative (GHC;
protocol ID HS-09-040), Stanford University (protocol ID 16513),
and SRI International (DHHS Registration/ID No. IRB00000110
and Assurance No. FWA00007933).

Study Population and Recruitment:
Phases 1 and 2

All Phase 1 and Phase 2 participants were recruited from GHC, a
large, regional not-for-profit health plan in the Pacific Northwest.
Potential participants were identified based on electronic health
records (Phases 1 and 2) and a subset of participants in a previ-
ous smoking cessation study (Phase 2; Swan et al., 2010), who
had been previously genotyped and provided consent to be
recontacted. Potential participants were mailed an invitation let-
ter, contacted by phone, and screened for eligibility. Additional
screening and enrollment details are described below.

Phase 1 Methods

Phase 1A: Expert Opinion Panel

We convened a panel of doctorate-level experts (n = 10) in phar-
macogenetics; smoking cessation treatment; ethical, legal, and
social implications of genetics research; genetic literacy; patient—
clinician communications; and mixed-methods research to guide
development of the pharmacogenetic treatment, GE, and evalu-
ation. The panel recommended that participants receive sup-
plemental written materials addressing the following topics: the
role of genes in medication outcomes and side effects, the role of
genes in nicotine dependence, the implications of one’s ANKKI
genotype (Al vs. A2) on pharmacotherapy selection (NRT vs.
bupropion), and the rationale for genetically matching pharmaco-
therapy selection based on enhanced treatment outcomes. It was
recommended that materials be kept brief and written in plain
language. The panel further advised that phone-based counseling
was a reasonable treatment approach and was consistent with the
standard care quitline counseling offered to health plan mem-
bers through their insurance coverage. Despite the limitations of
our current knowledge base, it was recommended that the role of
genetics in treatment outcome not be downplayed too much, as
this could diminish GF participants’ confidence in quitting. This
advice informed the design of the pilot study educational materi-
als and treatment protocol. Material design was also influenced
by an earlier, transdisciplinary conference of physicians, clini-
cal geneticists, genetic counselors, genetic epidemiologists, and
others convened by the National Cancer Institute (NCI) and the
National Human Genome Research Institute to educate primary
care physicians how to translate genetic technology to medical
education and practice (David & Gramling, 2003).

Phase 1B: Formative Patient Interviews

Participants were eligible for Phase 1 if they were aged 18-65,
were a current smoker, smoked at least 5 cigarettes/day, could

519



Pharmacogenetic smoking cessation feasibility study

read and speak English, did not have a diagnosis or history
of treatment for schizophrenia or a psychotic disorder in the
past 5 years, and self-identified as non-Hispanic, White. All
participants provided consent to participate. Interviews were
conducted by research staff trained in cognitive interviewing
and using a structured guide. Smokers were asked about
their familiarity with genetic concepts (e.g, DNA, genes),
understanding of the roles genes play in smoking behavior
and treatment response, reaction to the concept of genetically
tailoring pharmacotherapy, familiarity with the Genetic
Information Nondiscrimination Act, concerns about privacy
of genetic information, and interest in genetically tailored
treatment. Each interview was audiotaped and transcribed.
Participants received $25 and reimbursement for parking, as
applicable. Interviews were continued until response saturation
(i.e., when responses became redundant and no new themes
emerged) was achieved (n = 10; six females, mean age = 46.1).
Transcripts were reviewed by the study investigators (SPD,
JM) for key themes and specific feedback that then informed
the content, tone, and best format for delivering GF to pilot
participants.

Phase 1C: Protocol Development

Based on the feedback from smokers and our expert panel, we
drafted a one-page information sheet describing how genes
influence medications; two one-page GF forms, called Personal
Treatment Profiles (one for persons with the A1 genotype and
one for persons with the A2 genotype), which informed partici-
pants of their genotype, the relevance of this to smoking cessa-
tion pharmacotherapy outcomes, and the medication (NRT or
bupropion) that had been assigned to them based on their geno-
type and a cover letter for these materials. Next, we created a
cognitive behavioral counseling program based on best practice
standards (Fiore et al., 2008).

Phase 2: Randomized Pilot Trial and
Summative Interviews

Phase 2A: Recruitment and Enroliment

Pilot participants were recruited from April 2010 through
February 2011. Potential participants were mailed an invitation
letter, contacted by phone, and if willing, screened for eligibil-
ity. Participants were eligible if they were aged 18-65; currently
smoked at least 10 cigarettes/day and wanted to stop smoking in
the next 3-6 weeks; self-identified as White, non-Hispanic; were
comfortable reading and writing in English; had a telephone;
were currently enrolled in GHC and eligible to receive medica-
tions from the mail order pharmacy; and were willing to receive
information about their genotype. Individuals were ineligible if
they reported medical contraindications for NRT or bupropion,
or evidenced current depression as assessed by a Patient Health
Questionnaire (PHQ; Kroenke et al., 2009) score >10. Persons
with documented evidence of psychotic, mood, or other Axis
I disorders were also excluded based on their medical records
and were prescreened out of the invitation pool. Ethnic and
racial minorities were excluded because the current evidence
base does not yet allow informed decisions regarding how to
genetically tailor NRT or bupropion in these populations. All
participants who did not have a genotype on file were genotyped
for rs1800497 prior to randomization. Participants were mailed
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a written consent form and saliva collection kits, which they
returned directly to the study lab for analysis. Upon return of
the consent form and prior to genotyping, baseline assessments
were scheduled. Randomization occurred within approximately
1 week from the baseline assessment.

Phase 2B: Intervention

Following the baseline assessment, participants were rand-
omized to treatment (GF or BC) using an automated algorithm
that stratified by gender and genotype. Treatment groups dif-
fered in whether they were informed that their treatment had
been selected based on their genotype but each received the
same motivationally enhanced cognitive behavioral counseling
(up to three brief calls delivered by a certified tobacco treatment
specialist), a self-help guide for smoking cessation (Clearing the
Air, NCI), and a standard 8-week course of pharmacotherapy.
Smokers with the Al allele (TT/CT) were assigned to receive
NRT and participants with the A2 allele (CC) were assigned to
receive bupropion. Each counseling call was designed to last
~20min. The first call preceded the target quit date (TQD), the
second call was scheduled at about 2 weeks post-TQD, and the
third call scheduled approximately 2 weeks after the second call.

During the first counseling call, GF participants were
informed of their genotype, assigned pharmacotherapy, and
provided the rationale for this assignment based on their geno-
type. BC participants were simply informed the medication they
would receive, based on the study physician’s recommendation,
with no GE Following this call, GF participants were mailed a
self-help guide for smoking cessation, a reminder when their
next counseling call was scheduled, the one-page Personal
Treatment Profile, and a one-page description of how genes
influence the ways drugs work. The Personal Treatment Profile
echoed each participant’s ANNKI genotype, the implications of
this for smoking cessation treatment outcome, and the medi-
cation that was chosen for them based on their genotype. For
example, people with the Al genotype were informed, “people
with the A1 gene are more likely to quit smoking using the nico-
tine patch than people who have the A2 gene. People with the
Al gene are no more likely to quit smoking using bupropion
SR than when they use placebo. In short, if you have the Al
gene, you are more likely to benefit from the nicotine patch than
bupropion. Based on your genotype, we recommend you use
the nicotine patch and counseling to quit smoking.” This level
of probabilistic language was considered to be more straightfor-
ward for participants to understand than presenting numerically
based probabilities and less likely to conflict with new findings
that could emerge during the study period.

Phase 2C: Assessment

Participants were assessed by phone at baseline, approximately
1 week prior to the TQD, and 12 weeks following the TQD.
Participants who reported abstinence at the 12-week assessment
were mailed a saliva collection kit for cotinine analyses
to biochemically confirm abstinence (Hughes et al, 2003;
Hukkanen, Jacob, & Benowitz, 2005). Psychological outcomes,
baseline descriptors, and mediational process measures included
the following: the Fagerstrom Test for Nicotine Dependence
(FTND; Heatherton, Kozlowski, Frecker, & Fagerstrom, 1991);
the Center for Epidemiological Studies Depression Scale (CES-
D; Ratloff, 1977); four items from the Smoking Risk Perceptions
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Table 1. Baseline Characteristics of
Pilot Sample

Genetic Behavioral
feedback  counseling
(n=19) (n=17)  pvalue
Demographics
Age (mean, SD) 52.8(8.6) 49.4(10.6) .39
Female (1, %) 11(63%) 10 (58%) .83
Married (1, %) 15(88%) 12 (75%) .52
High school education or 17 (100%) 16 (100%) 1.00
greater (11, %)
Employed (1, %) 17 (88%) 15(88%) .95
Genotype (1, %)
A1/Al or A1/A2 4024%)  6(32%) —
A2/A2 13 (76%) 13 (68%) .74

Tobacco dependence and history
Nicotine dependence 43(1.7)
(FTND; mean, SD) (range:

0-8)
Cigarettes/day (mean, SD) 16.5 (4.6)

46(15) .63

209(10.1) .13

Previous quit attempts, 1.9(1.8) 0.9(12) .07
past year (mean, SD)
Longest abstinent period 0.9 (1.2) 0.9(1.2) .87
(years; mean, SD)

Psychosocial measures (mean, SD)
Genetic literacy (Real-G;  7.1(1.5)  7.6(0.6) .18
range: 0-8)
Numeracy (range: 0-3) 1.8(0.9) 2.1(0.8) .44
Risk perception (range: 16.7 (2.1) 16.1(2.6) 47
4-20)
Threat minimization 6.5(3.5) 8.8(2.9) .04
(range: 2-14)
Depression (CES-D; range: 5.3 (7.6)  4.2(3.9) .62
0-60)
Motivation to quit (range: 5.7 (1.2) 5.5(1.5) .64
1-7)
Intent to quit (range: 155(5.1) 153(5.1) .92
3-21)
Self-efficacy for quitting  14.2 (4.0) 13.4(3.9) .52
(range: 3-21)
Perceived control over 11.4 (4.0) 11.8(3.2) 75

quitting (range: 3-21)

Note. CES-D = Center for Epidemiological Studies Depression Scale;
FTND = Fagerstrom Test for Nicotine Dependence; SD = standard
deviation. Ranges refer to range of possible scale scores.

Scale (SRPS; Park et al., 2007); the eight-item Rapid Assessment
of Adult Literacy for Genetics (REAL-G) (Erby, Roter, Larson, &
Cho, 2008); the Schwartz Numeracy Scale (Schwartz, Woloshin,
Black, & Welch, 1997); and the Morisky Scale of medication
adherence (Morisky, Green, & Levine, 1986). To assess smokers’
fatalistic beliefs about the genetic determinism of smoking,
we modified the Powe Fatalism Inventory (Powe, 1995) by
rephrasing items to reflect fatalistic beliefs about the determined
nature of smoking, as opposed to fatalistic beliefs about cancer.
Five items from the original scale were dropped because they
were not relevant for the revised scale, for example, “I believe
if someone gets cancer their time to die is near” The modified

10-item scale had high internal validity (Cronbach’s o = 0.93 at
follow-up). Additional measures assessed smokers perceived
control over quitting smoking, their belief that their behavior
can mitigate the risks of smoking (threat minimization; Wright,
French, Weinman, & Marteau, 2006), self-efficacy for quitting
smoking, motivation for quitting, intent to quit, treatment
interest, and a series of items assessing general satisfaction
with their interventionist in the following domains: general
communication, trust in the clinician, and overall satisfaction
(Schneider, Kaplan, Greenfield, Li, & Wilson, 2004). All
preceding constructs were measured using Likert scale items
(see Tables 1 and 2 for scale score ranges).

Summative Interviews

Nineteen participants, representing both genders and genotypes,
were randomly chosen to participate in a summative interview
following the first assessment. Interviews were conducted using
an in-depth interview guide and explored participants’ overall
satisfaction with the interventionist, the patient-centeredness of
the GF and counseling, the overall acceptability of the treatment,
understanding and recall of the GF results, self-efficacy, any
negative emotional or cognitive reactions to the GE and areas of
concern about the intervention.

Pilot Trial Data Analyses

Descriptive statistics were used to characterize the baseline
sample and t tests used to compare mean differences at baseline.
Linear regression was used to estimate the effect of group on
follow-up psychological and process measure scores, controlling
for baseline scores.

Phase 1: Formative Interview Results

All Phase 1 participants had some level of familiarity with basic
genetic concepts, with moderate genetic literacy overall. One
third thought that genetics probably was important in their
personal smoking behavior, but only one participant thought
it clearly played no role. However, most (n = 6) accepted the
idea that genetics were important to others’ smoking behavior
and most thought genetics could be important for cessation (n
= 7). These findings are in contrast to other published reports,
which indicate both higher and lower proportions of people
who attribute smoking, at least in part, to genetics (Park et al.,
2011; Wright et al., 2007).

Confidentiality was raised as a concern but not an appar-
ent barrier to genetic testing for most (7/10) participants. All
respondents were interested in genetic testing for smoking ces-
sation. These findings are consistent with those reported by oth-
ers (Park et al.,, 2011). Finally, all participants were receptive to
phone-based counseling with supplemental written materials.

Phase 2: Pilot Trial Results

Study Population

The recruitment flow is presented in Figure 1. Potential partici-
pants (n = 374) were screened for eligibility. Primary reasons
for ineligibility were not smoking/not smoking enough (n =
139), currently using pharmacotherapy for smoking cessation
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Table 2. Quantitative Measures of Treatment Acceptability

Genetic feedback Behavioral counseling  Genetic feedback

mean (SD) mean (SD) effect (SE) T value p value
Morisky adherence (range: 0-8) 1.8(1.6) 2.7 (1.9) —0.90 (0.64) -1.41 .170
Trust (range: 5-30) 18.8(2.3) 19.3 (2.5) ~0.46 (0.88) ~0.53 604
Communication (range: 4-20) 19.4 (1.5) 19.4 (1.4) —0.18 (0.51) -0.03 972
Satisfaction (range: 4-20) 19.5(0.8) 19.4 (1.8) 0.16 (0.51) 0.31 757
Treatment interest (range: 1-10) 9.6 (0.74) 9.0 (1.6) 0.60 (0.44) 1.36 184

Note. SD = standard deviation; SE = standard error. Ranges refer to range of possible scale scores.

Screened for eligibility (n = 237 genotyped & 137 non-genotyped)

Excluded (n =338)

= Ineligible (n =214)
= Eligible, declined (n = 115)
= Other (n=9)

Randomized
(n=36%)

Allocated to GF (n =19)
Received intervention (n = 17)

Allocated to BC (n=17)
Received intervention (n = 16)

Lost to 1 week pre-TQD follow-up
(n=2)

Refused/dropped (n = 1)
Unable to reach (n = 1)

Lost to 1 week pre-TQD follow-up
(n=1)

Refused/dropped (n = 1)
Unable to reach (n = 0)

Lost to 12 week post-TQD follow-up
(n=2)

Refused/dropped (n = 1)
Unable to reach (n =1)

Lost to 12 week post-TQD follow-up
(n=1)

Refused/dropped (n = 1)
Unable to reach (n = 0)

*32 participants had been previously genotyped. 4 were genotyped for this study.
GF = genetic feedback. BC = standard behavioral counseling. TQD = target quit date.

Figure 1. Recruitment flow for pilot trial.

(n=125), and having an exclusionary psychiatric diagnosis (n =
48). Recruitment was heavily targeted to previously genotyped
participants, as reflected in the higher enrollment of these par-
ticipants (n = 32) compared with persons who were genotyped
as part of the current study (n = 4). The final sample consisted
of 36 participants, of whom 10 were A1/A1 or A1/A2 genotype
(28%) and 26 were A2/A2 genotype (72%). Of the 10 smok-
ers assigned to NRT patch, 7 had used it previously. Of the 26
assigned bupropion, 10 had used it previously.

Baseline characteristics are presented in Table 1. The two
groups were similar in terms of their education, genetic literacy,
numeracy, and other demographic and psychosocial character-
istics, with the exception of a significant difference in baseline
level of threat minimization. GF participants were less likely to
minimize the threat of their smoking to their health.
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Treatment Acceptability and Satisfaction

Acceptability and satisfaction were characterized using a vari-
ety of quantitative and qualitative measures. Dropout rates
were similar across groups (Figure 1) and participants in each
group appeared to be equally engaged in the intervention
based on their participation in all three counseling calls (GF =
89.5%, BC = 94.1%) Both groups were moderately adherent
to treatment as assessed by the Morisky scale (Morisky et al.,
1986), although BC scores suggest slightly better adherence
than among GF participants (see Table 2). Satisfaction with
the interventionist also appeared similar based on ratings of
trust, communication, treatment interest, and overall satisfac-
tion (Table 3).

Similar themes emerged in the qualitative interviews. All
participants in both groups reported that the calls, the counselor,



Nicotine & Tobacco Research, Volume 15, Number 2 (February 2013)

Table 3. Psychological Outcomes Assessed at 1-Week Post-TQD Follow-Up

Genetic feedback ~ Behavioral counseling Genetic feedback
Measure mean (SD) mean (SD) effect (SE) T value p value
Mood
Depression (CES-D) 4.1(8.2) 6.1(7.8) -2.9(1.8) -1.57 .598
Cognitive measures
Fatalism 0.4 (1.0) 1.1(1.8) -0.23(0.3) 0.69 496
Intent to quit 19.5(1.9) 18.3(2.9) 1.1(0.7) 1.42 .167
Motivation 6.4 (0.73) 6.2 (1.0) 0.14 (0.2) 0.60 555
Perceived control over quitting 13.4(3.4) 14.0 (2.5) —-0.53(0.97) —-0.55 .589
Risk perception 16.1 (2.5) 15.3(2.8) 0.15 (0.65) 0.24 812
Self-efficacy 15.6 (2.6) 16.2 (2.5) —1.05(0.76) -1.38 177
Threat minimization 7.3(3.6) 8.9(2.9) —0.44 (1.23) -0.36 724

Note. Regression analyses of genetic feedback vs. standard behavioral counseling. CES-D = Center for Epidemiological Studies Depression
Scale; SD = standard deviation; SE = standard error; TQD = target quit date. Analyses were adjusted for age and the interaction of age and

group.

and materials were helpful. When asked what, if anything, did
not go well in the participants’ opinion, two respondents in
the BC group and one in the GF group wished there had been
more counseling calls. When asked about recommendations for
improving the acceptability of treatment, the only specific rec-
ommendations were to include more calls, to “give more infor-
mation” and to provide “more simplistic information about the
treatment.” The latter two comments came from the GF group.
None of the participants in either group expressed ideations of
fatalism, genetic determinism, or privacy concerns.

Logistical Feasibility

Study staff did not identify any barriers to treatment using
the telephone-based GF or BC protocols. Biospecimen collec-
tion and genotyping went smoothly for the four smokers who
had not been previously genotyped. The time between mailing
biospecimen kits and receiving participants’ genotype ranged
from 20 to 69 days, largely reflecting individual differences in
the speed with which samples were returned to the lab. Once
received at the lab, biospecimens were analyzed within at least 2
weeks. Results suggest that the number needed to recruit previ-
ously genotyped patients (7.4 screened for every one enrolled)
was markedly lower than the number needed to recruit each
smoker among those who had not been previously genotyped
(68.5).

Psychological Impact

There was no evidence of adverse psychological effects caused
by the GE Groups reported similar levels of depression,
self-efficacy for quitting, intention to quit, motivation to quit,
fatalism about smoking, and perceived control over quitting at
follow-up (Table 3).

Conclusions

Results from the Phase 1 formative interviews and the Phase
2 pilot study demonstrated the feasibility and acceptability of
offering a comprehensive, genetically tailored intervention for
smoking cessation. Smokers interviewed in Phase 1 were all
interested in the option of genetically tailored treatment and

participants in both phases had adequate genetic literacy for the
intervention. Phase 2 pilot participants further found the inter-
vention to be acceptable, as evidenced by their level of participa-
tion and satisfaction ratings. Despite disparities in recruitment
between participants who had been previously genotyped and
those who had not, the intervention was feasible to implement
in our health care setting. Finally, there was no evidence of
adverse psychological impacts on any of the qualitative or quan-
titative outcomes assessed. These results may not generalize to
all smokers or settings but bode favorably for delivering phar-
macogenetic interventions to insured health plan members in
the future.

A number of lessons can be gleaned from this formative
work to inform future research and treatment development
efforts. For one, recruitment is clearly easier among smokers
with biobanked data. Our data suggest that access to these data
may facilitate future research or provision of pharmacogenetic
treatment. It is unclear why smokers who had not been previ-
ously biobanked were less like to participate in this pilot trial,
but this could reflect a selection bias since these participants
had participated in prior research and, therefore, may have been
more willing to participate in clinical trials; it could reflect the
increased barrier to enrollment inherent in requiring smokers
to first provide a biospecimen for genetic analysis; or it could
reflect differences in the perceived benefit of participating in this
study. Unfortunately, we cannot determine the degree to which
possible selection bias accounted for differences in recruitment
feasibility from our data, but the proportion of eligible smok-
ers who refused participation was notably greater among those
requiring genotyping (56%) than those for whom genotypes
were already known (22%).

The results also demonstrate the ability to deliver a person-
alized medicine program without face-to-face contact. In our
pilot trial, all counseling was done by phone and the biospeci-
men collection and medication delivery were done by mail. By
centralizing these processes, it is possible to expand intervention
reach on a population level. For example, based on our expe-
rience, it may be feasible to integrate a personalized medicine
protocol into the structure of tobacco quitlines, such as those
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commonly offered in health plans or through state-sponsored
programs.

Finally, it is notable that the GF did not appear to have any
adverse outcomes on smokers motivation, self-efficacy, fatal-
ism, treatment participation, treatment adherence, or other key
psychological and behavioral outcomes of interest. Although
not definitive, the results provide encouraging preliminary data
in support of providing patients with pharmacogenetically tai-
lored treatments for smoking cessation in the future.

Strengths and Limitations

The current study has a number of strengths that include its use
of a mixed-methods study design, novel approach to treatment,
and development of a replicable, patient-centered, treatment
protocol for delivering a genetically tailored intervention to
smokers. The major limitation of this study is the small sam-
ple size, as is the nature with all exploratory pilot trials; how-
ever, greater confidence can be placed in the results based on
the alignment between qualitative and quantitative outcomes of
interest. Additionally, all participants were volunteer research
participants who were willing to be informed of their genotype.
As such, the results may not generalize to all smokers. In fact,
both genetic literacy and interest in genetic testing can vary
depending on the sample of interest (Park et al., 2011; Wright
etal., 2007).

Future Directions

Since the design and launch of the current study, a number
of notable changes have occurred, including the use of prede-
fined panels of thousands of polymorphisms identified from
genome-wide association studies to predict “quit success” (Uhl,
Drgon, Johnson, & Rose, 2009; Uhl et al., 2008), emergence of
other, more efficacious pharmacological treatments with pharma-
cogenetic signals (e.g., varenicline and combination bupropion/
NRT; King et al., 2012; Sarginson et al., 2011; Swan et al., 2012),
and Internet-based, direct-to-consumer genotyping services
offering pharmacogenomic advice. As a result, the single gene,
single polymorphism approach to tailoring treatment that was
used in this pilot trial may not be relevant to the future of per-
sonalized medicine. Nevertheless, the basic intervention frame-
work established in this trial will remain relevant, and the lack of
observable adverse psychological outcomes is somewhat reassur-
ing as we seek to design future intervention studies of this kind.
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