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Abstract

Background The feasibility of precision smoking treatment in socioeconomically disadvantaged communities
has not been studied.

Methods Participants in the Southern Community Cohort Study who smoked daily were invited to join a pilot
randomized controlled trial of three smoking cessation interventions: guideline-based care (GBC), GBC plus nicotine
metabolism-informed care (MIC), and GBC plus counseling guided by a polygenic risk score (PRS) for lung cancer. Fea-
sibility was assessed by rates of study enrollment, engagement, and retention, targeting > 70% for each. Using logistic
regression, we also assessed whether feasibility varied by age, sex, race, income, education, and attitudes toward pre-
cision smoking treatment.

Results Of 92 eligible individuals (79.3% Black; 68.2% with household income < $15,000), 67 (72.8%; 95% Cl 63.0-
80.9%) enrolled and were randomized. Of these, 58 (86.6%; 95% Cl 76.4-92.8%) engaged with the intervention,

and of these engaged participants, 43 (74.1%; 95% Cl 61.6-83.7%) were retained at 6-month follow-up. Conditional
on enrollment, older age was associated with lower engagement (OR 0.83, 95% Cl 0.73-0.95, p=0.008). Conditional
on engagement, retention was significantly lower in the PRS arm than in the GBC arm (OR 0.18, 95% CI 0.03-1.00,
p=0.050). No other selection effects were observed.

Conclusions Genetically informed precision smoking cessation interventions are feasible in socioeconomically
disadvantaged communities, exhibiting high enrollment, engagement, and retention irrespective of race, sex, income,
education, or attitudes toward precision smoking treatment. Future smoking cessation interventions in this popula-
tion should take steps to engage older people and to sustain participation in interventions that include genetic risk
counseling.

fScott S. Lee and Nicole Senft Everson are Co-first authors.

*Correspondence:

ScottS. Lee

scottlee@vumc.org

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13722-024-00441-1&domain=pdf
http://orcid.org/0000-0002-0970-1941

Lee et al. Addiction Science & Clinical Practice (2024) 19:16

Page 2 of 12

Trial registration: ClinicalTrials.gov No. NCT03521141, Registered 27 April 2018, https://www.clinicaltrials.gov/study/

NCT03521141

Keywords Smoking cessation treatment, Precision medicine, Health disparities

Background

Smoking is the leading cause of preventable death in the
United States, with minority and low-income individu-
als living in the southern US more likely to develop and
die from smoking-related disease [1, 2]. FDA-approved
smoking cessation medications (i.e., nicotine replace-
ment, varenicline, bupropion) significantly increase the
odds of quitting successfully, yet fewer than one-third
of people who are trying to quit smoking use any quit
aid, and fewer than 5% use both counseling and medi-
cation as recommended by national guidelines [3-5].
This is problematic given that over 95% of unaided
quit attempts fail [4, 6—8]. Evidence-based smoking
treatment is especially underutilized among Black and
low-income individuals, contributing to low quit rates
in these populations despite most reporting a desire to
quit and many attempting to quit [4, 9-11].

Novel, genetically informed precision approaches to
smoking treatment may help engage people who smoke
in care and improve outcomes, but the feasibility of
implementing these approaches in community set-
tings, especially socioeconomically disadvantaged ones,
remains understudied [12-14]. In a survey of predomi-
nantly low-income people residing in the southern US
who smoke, most (71%) respondents reported favora-
ble attitudes toward precision smoking treatment, but
Black race and low education were negative predictors,
suggesting potentially greater challenges in reaching
these populations [15]. On the other hand, outreach
and counseling tailored to specific populations is
known to increase the reach and acceptability of smok-
ing cessation interventions [16, 17]. In this respect, the
inherently personalized nature of precision interven-
tions has the potential to be a more inclusive antidote
to approaches that nominally are “one-size-fits-all”
but in fact have been tested in and developed for more
advantaged populations.

On balance, whether precision approaches mitigate
tobacco-related disparities is likely to be a function of
both their overall feasibility in community settings and
their ability to reach, engage, and retain in care the
more marginalized members of these communities.
To address these questions, in a sample of predomi-
nantly low-income Black people in the southern US
who smoke, the current study examined the feasibil-
ity of two genetically informed precision approaches

to smoking treatment: (1) counseling and medica-
tion selection guided by nicotine metabolism and (2)
genetic risk counseling guided by a polygenic risk score
for lung cancer.

The rate at which an individual metabolizes nicotine is
quantified by the nicotine metabolite ratio (NMR), a vali-
dated biomarker that primarily reflects hepatic CYP2A6
activity [18-20]. In a large, multisite randomized con-
trolled trial (RCT) for smoking cessation, fast metaboliz-
ers (defined by NMR>0.31) were approximately twice
as likely to quit smoking with varenicline as with nico-
tine patch [21]. In contrast, among slow metabolizers
(NMR<0.31), varenicline and nicotine patch were equally
effective, but varenicline produced more side effects [21].
These results support the general approach of matching
fast metabolizers with varenicline and slow metabolizers
with nicotine replacement therapy (NRT) [22]. Evidence
from a pilot RCT of precision care for smoking cessation
among outpatients at an academic medical center found
that informing patients of their NMR status improved
NMR-medication match rates more than three-fold com-
pared to guideline-based (i.e., non-precision) care [23].

Respiragene " is a commercially available test that cal-
culates a polygenic risk score (PRS) for lung cancer using
genetic information along with demographics, smok-
ing history, and personal and family health histories.
In previous studies, people who smoke who received
Respiragene” PRS results were more likely to undergo
lung cancer screening, use NRT, and quit smoking [24,
25]. More broadly, research testing the effects of com-
municating genetic risk results on smoking behavior sug-
gests a small-to-moderate benefit in cessation rates and,
importantly, does not show any negative impact of test
results indicating normal or lower genetic risk, such as
diminished motivation to quit smoking [26, 27]. Further
enthusiasm for this type of precision approach is bol-
stered by evidence that many people who smoke want to
know their genetic susceptibility to smoking-related dis-
eases [15, 28, 29].

In this study, we examined the feasibility of enroll-
ing, engaging, and retaining predominantly low-income
Black people in the southern US who smoke in a pilot
pragmatic RCT comparing guideline-based care with
two precision treatment approaches: metabolism- and
PRS-informed care. Objectives were to assess overall trial
feasibility, feasibility of each precision intervention, and
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variation in feasibility with respect to sociodemographic
traits and attitudes toward precision smoking treat-
ment. We hypothesized that both the metabolism- and
PRS-informed precision interventions would be feasible
to implement, that participation would not vary by soci-
odemographic traits, and that those with more favorable
attitudes toward precision smoking treatment would be
more likely to enroll, engage, and remain in the study.

Methods

The Precision Interventions for Smoking (PRISM) trial
took place from May 2018 to March 2019 in Tennessee
and Mississippi, two southern US states with the 8th- and
5th-highest smoking prevalence in the country, respec-
tively [30]. The trial was administratively based at Van-
derbilt University Medical Center (VUMC), an academic
medical center in Nashville, Tennessee, but trial activities
took place in the community. A timeline of the trial from
a participant’s perspective is shown in Additional file 1:
Figure S1.

Population and sample

Participants were recruited through the Southern Com-
munity Cohort Study (SCCS), a National Cancer Insti-
tute (NCI)-sponsored longitudinal cohort study initiated
in 2001 to investigate the determinants of cancer-related
health disparities [31]. The cohort includes approximately
85,000 primarily low-income Black adults throughout
the southeastern US, along with a large biorepository of
blood and saliva samples provided by participants for
future research. The study population for the PRISM
trial was derived from the Precision Smoking Cessation
Survey, which was conducted in 2017 and is described in
detail in [15]. This survey sampled SCCS participants in
Tennessee and Mississippi who smoked, and yielded 880
respondents. Of these, 458 were excluded due to survey
responses that did not meet pre-screening criteria for the
PRISM trial (daily smoking, presence of a primary care
provider (PCP) or enrollment in Medicare and/or Med-
icaid (which, under the Affordable Care Act, provides
coverage for smoking cessation treatment [32]), and con-
sent to future research contact), and 58 were excluded
because they had no blood sample in the SCCS biore-
pository. In 2018, the remaining 364 individuals were
contacted via phone and screened for full eligibility with
respect to additional criteria for inclusion (>5 cigarettes
smoked per day, medically eligible for and willing to use
either nicotine replacement or varenicline, and posses-
sion of a valid mailing address and phone number) and
exclusion (pregnancy or breastfeeding, cognitive disor-
der precluding comprehension of study procedures (e.g.,
dementia), unstable psychiatric disease (suicidal idea-
tion or recent psychiatric hospitalization or medication
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changes), currently taking smoking cessation medication,
or enrolled in another cessation program). Eligible and
interested participants initially provided verbal consent
by phone and were subsequently required to provide
written informed consent to officially enroll in the study.

Biospecimen processing

After return of written consent, stored blood samples
were retrieved from the SCCS biorepository for testing.
The NMR and Respiragene’" tests were run on all avail-
able specimens regardless of treatment arm.

Nicotine Metabolite Ratio (NMR). Blood specimens
were analyzed for nicotine, cotinine, and 3-hydroxyco-
tinine (3-HC) via quantitative high-performance liquid
chromatography-tandem mass spectrometry at Univer-
sity of Toronto. The NMR was calculated as the ratio of
3-HC to cotinine. Slow metabolizers were defined by
NMR<0.31 and fast metabolizers by NMR>0.31 [21].
NMR results were deemed invalid (i.e., missing) if the
cotinine level was less than 10 ng/ml, indicating that
there was no recent nicotine exposure to allow measure-
ment of metabolites [33, 34].

Respiragene'". Although typically a saliva test, in this
study blood samples were used as they were already
available in the SCCS biorepository. Blood samples were
extracted for genotyping by the Molecular Epidemiology
Core Laboratory of the Institute for Medicine and Pub-
lic Health at VUMC. The Respiragene'" test estimates a
polygenic lung cancer risk score from 1 to 10, with higher
numbers indicating higher risk of lung cancer relative to
someone who has never smoked. These numeric scores
were categorized as “high” (1-4), “higher” (5-7), and
“highest” risk (8—10), corresponding to roughly 10, 20,
and 40 times higher lung cancer risk, respectively, than
someone who has never smoked.

Study interventions

After return of written consent, participants were con-
tacted by phone for an initial counseling call with a cer-
tified tobacco treatment counselor to prepare to quit
smoking, during which they were provided with the NCI
Clearing the Air program, a booklet to support smoking
cessation at any stage of readiness to quit. Participants
were then stratified by self-reported cigarettes per day
(>10,<10) and randomized to treatment arm.

The main source of experimental variation in the trial
was the intervention counseling call, during which a
tobacco treatment counselor delivered information and
counseling tailored to treatment arm (described further
below). Due to the time required to process the biospeci-
mens for the NMR and Respiragene tests, the interven-
tion call was scheduled an average of two months after
the initial counseling call. Participants were informed that
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engagement, as defined by completion of the interven-
tion call, was required to continue in the study. Tobacco
treatment counselors, study personnel, and participants
were not blinded to treatment arm but were blinded to
test results outside the treatment arm (e.g., participants
assigned to metabolism-informed care received their
NMR results but not Respiragene™ results). Upon study
completion, all participants were informed of their NMR
and Respiragene' test results and given the opportunity
to discuss them with a tobacco treatment counselor.

Guideline-Based Care (GBC). In the GBC arm, during
the intervention counseling call, participants and tobacco
treatment counselors discussed FDA-approved smok-
ing cessation medications (i.e., varenicline and NRT) and
then co-selected one through shared decision-making.
Participants were also offered a referral to the state quit-
line. Following the call, to facilitate a medication pre-
scription, study personnel sent a fax to participants’ PCPs
stating their patients’ chosen medication and preferred
pharmacy, with a request to both prescribe the medica-
tion for the patient and fax a copy of the prescription to
the study team for verification.

At 2 weeks and 2 months after the intervention call,
respectively, tobacco treatment counselors conducted
follow-up calls to identify and troubleshoot prob-
lems with obtaining study medication or taking it once
obtained. These medication check-ins were designed
to support guideline-based use of both counseling and
pharmacotherapy and did not involve data collection
intended for analysis.

GBC plus nicotine metabolism-informed care (MIC).
Participants in the MIC arm received all components
of GBC with one modification: shared decision-mak-
ing during the intervention call regarding medication
selection was guided by the participant’s NMR status
(i.e., varenicline for fast metabolizers and NRT for slow
metabolizers). To aid discussion of NMR results, the
tobacco treatment counselor used an infographic devel-
oped by the study team with input from a community
advisory board [35] (Additional file 1: Figure S2). The
NMR results and infographic were mailed to study par-
ticipants in advance of the intervention call to facilitate
discussion. These materials were also sent to the partic-
ipant’s PCP. Participants whose NMR test did not yield
a valid result were informed that their blood sample
likely did not have enough nicotine exposure at the time
of their blood draw, and counselors provided a general,
rather than individually tailored, description of the NMR
and its implications for medication selection. Though
medication selection in this arm was guided by NMR
test results, patients’ choices and providers’ prescriptions
could result in patients receiving medications discordant
with their NMR status.

Page 4 of 12

GBC plus lung cancer polygenic risk score counseling
(PRS). Participants in the PRS arm received all compo-
nents of GBC with one modification: tobacco treatment
counselors provided counseling related to the partici-
pant’s Respiragene’ polygenic risk score during the inter-
vention call. To aid discussion of the PRS, the tobacco
treatment counselor used an infographic developed by
the study team with input from a community advisory
board (Additional file 1: Figure S2) [35]. The genetic test
result and infographic were mailed to study participants
in advance of the intervention call to facilitate discussion.
These materials were also sent to the participant’s PCP.
Participants’ PRS scores did not explicitly influence med-
ication selection or prescription, though this may have
occurred organically (e.g., higher-risk participants, upon
learning their PRS score, may have developed a stronger
preference for varenicline, or PCPs may have been more
likely to prescribe medication for these patients).

Data collection, outcome measures, and analytic methods
Participant characteristics and trial outcomes. Baseline
sociodemographic variables including age, sex, race,
highest education completed, and annual household
income were gathered during prior survey waves of the
SCCS, including the Precision Smoking Cessation Sur-
vey conducted one year prior to the launch of the pilot
RCT. Sex (male vs. female), race (Black vs. non-Black),
highest education completed (high school diploma and
beyond vs. no high school diploma), and annual house-
hold income ($15,000 and above vs. less than $15,000)
were operationalized as binary variables. Age was treated
as a continuous variable. Other baseline variables were
collected through a survey conducted at the time of study
enrollment.

The Precision Smoking Cessation Survey also collected
two self-report measures of attitude toward precision
smoking treatment, in which participants were asked,
“If a blood test could help my doctor choose the best
medicine for me to quit smoking, I would take that blood
test” (henceforth “attitude toward NMR testing”), and “If
a saliva test could use information on my genes to pre-
dict my risk of getting lung cancer, I would take the saliva
test” (henceforth “attitude toward PRS testing”). Both
were queried with Likert scales ranging from 1 (“strongly
disagree”) to 5 (“strongly agree”). A “favorable” attitude
was defined as a response of 4 (“agree”) or 5.

Collection of outcomes data, which was restricted
to those completing the intervention counseling call,
occurred through phone surveys at 1, 3, and 6 months
after the intervention call. At each follow-up survey,
participants were asked about their smoking status and
if they had received their chosen smoking cessation
medication from any source. At 6-month follow-up, for
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participants reporting 7-day point prevalence smoking
abstinence, saliva samples were requested through mail
using kits manufactured by Salimetrics, LLC. Biochemi-
cal verification of self-reported abstinence was assessed
through salivary cotinine testing (cotinine <10 ng/ml)
performed at the VUMC Pathology Laboratory.

Feasibility measures. Feasibility was assessed by rates
of study enrollment (proportion of eligible individuals
enrolling in the study), intervention engagement (pro-
portion of enrolled participants completing the inter-
vention counseling call), and retention (proportion of
engaged participants completing the 6-month follow-
up survey). We also examined two secondary measures
of engagement defined as (1) the proportion of enrolled
participants both completing the intervention call and
receiving their chosen smoking cessation medication
during the course of the study and (2) the proportion of
participants completing the intervention call (denomina-
tor) receiving their chosen smoking cessation medication
during the course of the study (numerator). This level of
“full” engagement with respect to both counseling and
pharmacotherapy was deemed clinically important, as
treatment with both modalities was a focus of the inter-
vention call and is more effective than either alone and
hence guideline-recommended [3].

The target rate to establish feasibility was>70% for
each stage of implementation. Rates were calculated as
binomial proportions, with 95% confidence intervals esti-
mated using the Wilson score method [36].

Differential enrollment, engagement, and retention.
Variation in feasibility was assessed by testing for selec-
tion effects at each stage of implementation. We con-
ducted logistic regressions of each implementation stage
(enrollment, engagement, retention) on age, sex, race,
income, education, and attitudes toward NMR and PRS
testing. At each stage, the sample was restricted to those
“at-risk” (e.g., retention among engaged participants only,
not all eligible participants) in order to isolate selection
effects at each stage rather than cumulatively. Robust
standard errors were estimated throughout. All analysis
was conducted using Stata version 17.

Results

Sample characteristics

Table 1 summarizes baseline demographics, smok-
ing history and attitudes, biosample measurements,
and treatment assignment of five subsamples corre-
sponding to progressive stages of study implementa-
tion. The eligible population was predominantly elderly
(mean age 60 years), female (66.3%), Black (79.3%), high
school-graduated (72.7%), and low-income (68.2% with
household income less than $15,000 per year). These
raw proportions were qualitatively unchanged among
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those enrolling in the study, those engaging in the study
interventions, and those remaining in the study through
6-month follow-up. Results also indicate that most
(75.0% and 78.7%) eligible participants had favorable atti-
tudes toward the NMR and PRS tests, respectively, and
this proportion was roughly similar across the stages of
implementation. In the eligible population, of the demo-
graphic variables presented in Table 1, only education
was significantly associated with either attitude: the odds
of a favorable attitude toward the NMR test was 3.3 times
higher among those with a high school diploma vs. those
without (p=0.031; not shown).

As described above, biosample measurements were
obtained for the 67 enrolled participants only. Among
these, 38 (56.7%) were classified as fast metabolizers, 24
(35.8%) were classified as slow metabolizers, and 5 (7.5%)
could not be classified due to invalid NMR results. Lung
cancer risk as predicted by the Respiragene PRS was
distributed roughly uniformly across the three risk cate-
gories: 26 (38.8%) were high-risk, 21 (31.3%) were higher-
risk, and 20 (29.9%) were highest-risk. There were no
invalid results for the PRS.

Feasibility

Table 2 reports rates of enrollment, engagement, and
retention both overall and by treatment arm, and Fig-
ure 1 details the reasons for attrition at each stage. Of the
364 SCCS participants meeting pre-screening criteria,
226 (62.1%) could not be reached for eligibility screening,
three (0.8%) did not complete eligibility screening, and 43
(11.8%) completed screening but did not meet eligibility
criteria. Of the remaining 92 (25.3%) participants con-
firmed to be eligible, 24 (26.1%) verbally consented but
did not return written consent as required by the insti-
tutional review board, and one (1.1%) declined partici-
pation. Thus, of 92 eligible participants, 67 (72.8%; 95%
confidence interval (CI) 63.0—-80.9%) enrolled and were
randomized.

Of the 67 enrolled participants, 58 (86.6%; 95% CI
76.4-92.8%) completed the intervention counseling
call in which counseling and medication selection were
customized by treatment arm. Furthermore, Table 2,
Column 2b shows that 64.2% (95% CI 52.2-74.6%) of
enrolled participants both completed the intervention
call and reported receiving their chosen smoking cessa-
tion medication over the 6-month follow-up period of
the study. As a proportion of engaged participants, this
figure was 74.1% (i.e., 43 of 58 participants completing
the intervention call reported receiving study medica-
tion; 95% CI 61.6—83.7%; not shown). Finally, of the 58
engaged participants, 43 (74.1%; 95% CI 61.6—83.7%)
were retained at 6-month follow-up. Cumulatively, 46.7%
(95% CI 36.9-56.9%) of eligible participants enrolled in
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Table 1 Sample characteristics, by trial stage
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Eligible (n=92) Enrolled (n=67) Engaged Retained (n=43)
All (n=58) Received med
(n=43)
(m (2 (3a) (3b) (4)
Demographics
Age (years) 60.0 59.7 59.2 58.8 589
Female sex (%) 66.3 70.1 724 721 721
Black race (%) 79.3 79.1 81.0 76.7 814
High school graduate (%) 727 75.0 782 78.0 780
Household income < $15,000 (%) 68.2 65.1 63.6 60.0 634
Smoking history and attitudes
Cigarettes per day 134 13.8 13.5 14.8 137
Age started smoking (years) 17.6 17.3 174 17.1 16.7
Time to first cigarette < 30 min (%) 68.5 68.7 69.0 744 62.8
Planning to quit smoking (%) 63.5 63.0 64.1 64.5 586
Confidence in quitting (1-5) 3.26 323 3.27 3.19 3.27
Favorable attitude toward NMR test (%) 75.0 778 778 78.0 775
Favorable attitude toward PRS test (%) 78.7 785 75.0 744 714
Biosample measurements
Nicotine metabolite ratio (3-HC/cotinine) 0410 0.386 0.406 0.383
Fast metabolizer (%) 56.7 535 58.1 535
Slow metabolizer (%) 35.8 379 30.2 395
Invalid result (%) 7.5 8.6 11.6 7.0
Respiragene™ polygenic risk score (1-10) 5.78 557 5.53 567
High risk (%) 3838 39.7 41.9 372
Higher risk (%) 313 345 349 349
Highest risk (%) 29.9 259 233 279

All values are means. “Engaged” refers to completion of the intervention counseling call; Column 3a comprises all participants who completed the intervention call,
whereas Column 3b comprises all participants who both completed the intervention call and reported receiving their chosen smoking cessation medication during

the study. “Retained” refers to completion of the 6-month follow-up survey. “Fast” and “slow” metabolizers correspond to NMR >0.31 and NMR < 0.31, respectively.
“High,""higher,” and “highest” risk correspond to polygenic risk scores of 1-4, 5-7, and 8-10, respectively

NMR nicotine metabolite ratio, PRS polygenic risk score, 3-HC 3-hydroxycotinine

the study, engaged with the intervention, and completed
the 6-month follow-up survey. The study completion rate
among enrolled participants, a more standard measure of
cumulative retention, was 64.2% (43 of 67 participants;
95% CI 52.2—74.6%; not shown).

The middle and bottom panels of Table 2 report rates
of engagement and retention by treatment arm (rates of
enrollment by treatment arm are not applicable since
enrollment occurred before randomization). In addi-
tion, each column reports the odds ratios (OR) of a
logistic regression of each implementation stage on the
two treatment arms, which formally tests the hypoth-
esis of whether engagement and retention in each preci-
sion treatment arm differed from those in GBC. Results
show that engagement in each precision treatment arm
did not significantly differ from that in GBC (Columns 2a
and 2b), although there was a trend toward participants
randomized to MIC having lower odds of receiving their

chosen smoking cessation medication during the study
(OR 0.34, 95% CI 0.10-1.20, p=0.095). Regarding reten-
tion, conditional on engagement, randomization to PRS
(vs. GBC) was associated with marginally significantly
lower odds of retention at 6 months (OR 0.18, 95% CI
0.03-1.00, p=0.050).

Differential enrollment, engagement, and retention

Table 3 examines whether feasibility of enrollment,
engagement, and retention varied with respect to demo-
graphic traits and attitudes toward precision smoking
treatment. Each column represents a logistic regression
of an implementation stage (column header) on a set
of explanatory variables, with odd-numbered columns
examining demographic traits and even-numbered col-
umns examining attitudes. Columns 1 and 2 show that
neither demographics nor attitudes toward the NMR
and PRS tests predicted eligible respondents’ decision



Lee et al. Addiction Science & Clinical Practice (2024) 19:16 Page 7 of 12
Table 2 Rates of study enrollment, engagement, and retention, overall and by treatment arm
Eligible N=92 Enrolled/Randomized Engaged Retained
All Received Med
(1 (2a) (2b) (3)
Full sample (N) 67 58 43 43

72.81[63.0,80.9]
Cumulative rate (% of eligible) 72.81[63.0,80.9]
MIC arm only (N) 23
Marginal rate (% of prior stage)
Odds ratio (MIC vs. GBC)
PRS arm only (N) 22
Marginal rate (% of prior stage)
Odds ratio (PRS vs. GBC)

Marginal rate (% of prior stage)

86.6 [76.4,92.8]
63.0[52.8,72.2]

64.2 [52.2,74.6]
46.7 [36.9, 56.9]

74.1[61.6,83.7]
46.7 [36.9, 56.9]

19 1 14
82.6[62.9,93.0] 47.81[29.2,67.0] 73.7[51.2,88.2]
0.75[0.15, 3.86] 0.34[0.10, 1.20] 0.33[0.05, 2.00]
20 16 12

90.91[72.2,97.5]
1.5810.23,10.67]

72.7151.8,86.8]
1.00 [0.26, 3.81]

60.0[38.7,78.1]
0.18*[0.03, 1.00]

The top panel (“Full Sample”) reports marginal and cumulative rates for each stage of study implementation, where “marginal” denotes rates as a proportion of the
prior stage. The middle (“MIC arm only”) and bottom (“PRS arm only”) panels show treatment arm-specific marginal rates as well as results of a logistic regression
of each stage (column header) on dummy variables for each of the two precision treatment arms (reference group: Guideline-Based Care arm).“Engaged” refers

to completion of the intervention counseling call; Column 2a comprises all participants who completed the intervention call, whereas Column 2b comprises all
participants who both completed the intervention call and reported receiving their chosen smoking cessation medication during the study. “Retained” refers to

completion of the 6-month follow-up survey
MIC Metabolism-Informed Care, PRS Polygenic Risk Score
" Significant at the 5% level

to enroll in the study. In contrast, Column 3 shows that,
conditional on enrollment and controlling for other
demographic traits, older age was associated with lower
odds of engagement as defined by completion of the
intervention counseling call (OR 0.83, 95% CI 0.73-0.95,
p=0.008). There was no significant association between
attitudes toward precision smoking treatment and inter-
vention engagement. Finally, Columns 7 and 8 show that
neither demographic traits nor attitudes toward preci-
sion smoking treatment influenced retention through
6-month follow-up.

Discussion

In this pilot feasibility trial of precision smoking cessa-
tion interventions among a predominantly Black, low-
income community sample of adults who smoke, 72.8%
of eligible individuals enrolled in the study, 86.6% of
enrolled participants engaged with the intervention, and
74.1% of engaged participants were retained through six
months of follow-up, exceeding targets for feasibility of
enrollment, engagement, and retention. Furthermore,
examination of selection effects revealed that enroll-
ment, engagement, and retention did not vary by sex,

(See figure on next page.)

race, education, income, or attitudes toward precision
smoking treatment. This finding helps allay concerns
about precision approaches inadvertently excluding some
groups, such as those who are socioeconomically more
disadvantaged or who report less favorable attitudes
toward precision approaches that require the collection
of biological specimens, and appears to support broad
representativeness of reach.

Taken together, this study provides preliminary sup-
port for the feasibility of implementing precision smok-
ing interventions in the low-income community setting
in an equitable manner. A previous survey of predomi-
nantly low-income Black SCCS participants who smoke
found that most had favorable attitudes toward precision
approaches to smoking cessation treatment [15]. The cur-
rent experimental findings build on this research, with
high rates of study enrollment, engagement, and reten-
tion providing behavioral confirmation of self-reported
attitudes.

Despite overall supportive findings, results also high-
light several potential challenges of implementing
precision approaches in the low-income community
setting. First, while enrollment rates were high among

Fig. 1 Flow of participants in pilot RCT."Pre-eligible” refers to meeting eligibility criteria based on responses to the PSC survey conducted

before the launch of the pilot RCT. “Engaged” refers to completion of the intervention counseling call. “Retained” refers to completion

of the 6-month follow-up survey. SCCS Southern Community Cohort Study, PSC Precision Smoking Cessation, CPD cigarettes per day, PCP primary
care provider, GBC Guideline-Based Care, MIC Metabolism-Informed Care, PRS Polygenic Risk Score
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SCCS PSC survey
respondents (n=880)

b4

Pre-eligible survey
respondents (n=364)

Not pre-eligible

(n=458)

69 not smoking, 204 non-daily
smoking, 152 no PCP or
Medicare/Medicaid, 33

declined research contact
No biospecimen

(n=58)

h 4

Screened for eligibility

(n=135)

Unreachable
(n=226)

Incomplete screen
(n=3)

h 4

Eligible
(n=92)

Y

Ineligible (n=43)

12 non-daily smoking, 7 smoke
<5 CPD, 4 currently taking
cessation med, 7 medically

ineligible for varenicline, 10 no
PCP, 3 no mailing address

h 4

Enrolled/
Randomized (n=67)

GBC
(n=22)

MIC
(n=23)

PRS
(n=22)

Y

Non-consented
(n=24)
Declined

(n=1)

h 4

Engaged
(n=58)

GBC
(n=19)

MIC
(n=19)

PRS
(n=20)

Y

Y

Lost to follow-up
(n=8)
Deceased

(n=1)

h 4

Retained
(n=43)

GBC
(n=17)

MIC
(n=14)

PRS
(n=12)

Fig. 1 (Seelegend on previous page.)

Lost to follow-up
(n=13)
Deceased
(n=2)
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Table 3 Selection effects with respect to demographic traits and attitudes toward precision smoking treatment
Enrolled (n=92) Engaged Retained (n=43)
All (n=58) Received med (n=43)
(1) (2) (3) (4) (5) (6) (7) (8)
Demographics
Age 0.99[0.91, 1.07] 0.83%[0.73,0.95] 0.93[0.85, 1.08] 1.00 [0.91, 1.10]
Female sex 1.80 [0.66, 4.93] 24410.53,11.23] 1.35[0.39,4.62] 0.79[0.18, 3.36]
Black race 0.94[0.29,3.03] 3.441[0.65,18.20] 0.55[0.14, 2.06] 1.18 [0.26, 5.32]
High school graduate 1.15[0.39,3.41] 3.881[0.69,21.92] 1.54[046,5.22] 1.02[0.24,4.41]
Household 0.61[0.19,2.00] 0.68[0.10,4.52] 0.56[0.17,1.79] 1.24[0.36,4.31]
income < $15,000
Favorable attitude toward:
Nicotine metabolite 1.54[0.51,4.68] 1.71[0.28,10.49] 1.06 [0.25, 4.44] 1.28[0.23,7.20]
ratio test
Polygenic risk score test 1.02[0.31,342] 1 (omitted) 0.37[0.06, 2.31] 0.51[0.07, 3.83]
p-value of model chi- 0.803 0.725 0.126 0.560 0.503 0485 0.999 0.801
squared test
Pseudo-R-squared 0.026 0.006 0.236 0.007 0.055 0.020 0.005 0.010

Each column reports adjusted odds ratios [95% confidence intervals] of a logistic regression of each stage of implementation (column header) on a set of explanatory
variables (rows). “Engaged” refers to completion of the intervention counseling call; Columns 3 and 4 each comprise all participants who completed the intervention
call, whereas Columns 5 and 6 each comprise all participants who both completed the intervention call and reported receiving their chosen smoking cessation
medication during the study. “Retained” refers to completion of the 6-month follow-up survey

" Significant at the 5% level

confirmed-eligible individuals, many pre-screened indi-
viduals could not be reached via phone for formal eli-
gibility screening. Future interventions may be able to
reach more community members who smoke by collabo-
rating with local healthcare and community institutions.

Second, medication use was lower than expected.
Although the rate of combined use of counseling and
medication (64.2% of enrolled participants) far exceeded
the roughly 5% national average in the general adult
smoking population [4], nevertheless, 15 of 58 (25.9%)
participants who completed the intervention counseling
call did not receive their chosen smoking cessation medi-
cation during the study. This barrier may have been due
in part to lack of engagement from participants’ PCPs,
who were responsible for prescribing smoking cessation
medications for their patients. Future research should
focus on enhancing community providers’ engagement
in precision smoking treatment by taking more active
approaches, such as embedding interventions within
their clinics.

Third, conditional on enrollment in the trial, older
age was associated with lower engagement in the inter-
vention counseling call (OR 0.83, 95% CI 0.73-0.95,
p=0.008). While this finding warrants qualitative prob-
ing as well as confirmation in larger studies, it raises the
possibility that older people who smoke may have lower
willingness and/or ability to participate in longitudinal
phone counseling as part of precision smoking cessa-
tion interventions. Regardless, given that age is a strong

predictor of smoking-related disease and death, it is
important to ensure that precision smoking cessation
interventions do not exclude high-risk individuals on
account of their older age.

Finally, conditional on engagement, retention was sig-
nificantly lower in the PRS arm than in the GBC arm (OR
0.18, 95% CI 0.03—1.00, p=0.050). While this marginal
result may have been due to random chance in a small
sample, it is also possible that delivering PRS results to
this population may have been associated with unin-
tended effects, such as fatalism among those at higher
risk of lung cancer or complacency among those at lower
risk [37]. Future research in socioeconomically disadvan-
taged community settings should focus on strategies to
maximize understanding of genetic risk and its implica-
tions for personal success in quitting—a task that is likely
to require participatory research to develop counseling
messages and tools tailored to this population [35, 38].

This study has several methodological limitations.
First, the sample size was relatively small, with only 92
eligible participants and 67 enrolled. This may have lim-
ited the statistical power to detect differences in enroll-
ment, engagement, and retention by treatment arm and
by participant traits and attitudes. For example, Black
participants had 3 times the odds of engaging with the
study than White participants (Table 3, Column 3), but
this point estimate was not statistically significant due
to the small sample size. Second, the study selected for
individuals who had already contributed biospecimens
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to the SCCS biorepository; it therefore may overstate
the acceptability of precision smoking interventions in
the general smoking population, which may be less will-
ing to provide biospecimens, though the fact that those
with unfavorable attitudes toward precision smoking
treatment were no less likely to participate in the study
is reassuring. Third, even among those willing to pro-
vide biospecimens, the reliance of the NMR on recent
nicotine exposure for valid measurement meant that
some specimens did not yield actionable results, as was
the case for 7.5% of the specimens in this study. Fourth,
there was a lack of robust measurement of provider
engagement in participants’ quit attempts and, specifi-
cally, provision of prescriptions for smoking cessation
medication. Thus, we can only speculate regarding the
extent to which participant vs. provider factors influ-
enced participants’ access to and use of cessation medi-
cation. Finally, although efficacy outcomes such as the
proportion of participants whose medications matched
their NMR status and the proportion abstaining from
smoking were measured, because of small sample sizes,
we were not able to formally test whether these out-
comes varied by treatment arm.

Despite these limitations, the study has several meth-
odological strengths, with significant implications for
future research and clinical practice. This study is the
first to test the feasibility of delivering, in any com-
munity setting, interventions based on the NMR, a
genetically informed biomarker of nicotine metabolism
with the potential to increase medication efficacy and
decrease side effects, and on the Respiragene " PRS, a
gene-based lung cancer risk score which may enhance
commitment to behavior change among people who
smoke. Community roll-out of these interventions will
be important for maximizing their real-world effec-
tiveness. Moreover, the study population consists of
people who smoke from social groups that are tradi-
tionally underrepresented in healthcare research and
are disproportionately burdened by tobacco. Under-
standing their likelihood of enrollment, engagement,
and retention in precision smoking treatment research
lays the foundation for larger intervention studies to
more formally examine the equity of these approaches
[39, 40]. This work also establishes the utility of the
SCCS biorepository and the more general approach
of collecting and storing biospecimens to facilitate
genetically guided interventions such as the NMR and
Respiragene” PRS. Finally, this study directly links
and compares attitudes and actions regarding preci-
sion smoking treatment—i.e., whether attitudes toward
precision smoking treatment affect actual decisions
to participate in such treatment. We show that, using
counseling messages developed with community input,
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precision smoking cessation interventions can recruit,
engage, and retain in care even those with unfavorable
attitudes toward precision smoking treatment.

Conclusions

Precision approaches to smoking cessation that account
for the genetics of smoking have the potential to improve
quit rates and mitigate racial and socioeconomic dis-
parities in smoking-related disease and death. However,
whether such approaches are feasible in low-income, pre-
dominantly minority community settings is unknown.
This study’s findings suggest that precision smoking
treatment can be feasibly studied and implemented in
community settings among groups that are at especially
high risk of tobacco-related disease and mortality. These
results lay the groundwork for future studies examining
the comparative effectiveness of precision approaches to
smoking cessation treatment in community settings, as
well as studies evaluating strategies to ensure the equita-
ble implementation of these approaches at scale.
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