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Abstract

Introduction: Varenicline doubles cessation over nicotine replacement therapy (NRT) patch for
“normal,” but not “slow,” nicotine metabolizers, as assessed by the nicotine metabolite ratio
(NMR). Metabolism-informed care (MIC) could improve outcomes by matching normal metaboliz-
ers with non-nicotine medication (e.g., varenicline) and slow metabolizers with NRT patch.
Methods: We conducted a feasibility randomized controlled trial of MIC versus guideline based care
(GBC) among 81 outpatient adult daily smokers with medical comorbidity. Participants reported
perceptions of MIC, underwent blood draw for NMR, and received expert cessation counseling.
For MIC participants, medication selection was informed by NMR result (normal (>0.31) vs. slow
(< 0.31)).The primary outcome was MIC feasibility, reflected by attitudes toward MIC and by match
rates between NMR and medication. Secondary endpoints (cessation confidence, medication use,
smoking status) were assessed over 6 months to inform future studies.

Results: Participants were median age 53 years, 46% female, 28% black, and ~90% endorsed MIC.
Despite high varenicline prescription rates (~60%) in both arms, NMR-medication matching was
higherin MIC (84%) versus GBC (58%) participants (p=0.02); unadjusted odds ratio (OR) 3.67,95% con-
fidence interval [1.33, 11.00; p-value=0.02]. Secondary endpoints were similar at 1, 3, and 6 months.
Conclusions: MIC, an NMR-based precision approach to smoking cessation, was acceptable to 90%
of smokers and improved NMR-medication match rates more than 3-fold compared to GBC, even
with generally high use of varenicline.These data support the feasibility of MIC, which could maxi-
mize efficacy of smoking cessation medication while minimizing side effects and cost.
Implications: Among treatment-seeking daily smokers with medical comorbidity, most viewed metab-
olism-informed care (MIC), guided by the nicotine metabolism ratio (NMR), favorably, and were will-
ing to accept MIC-guided medication. Compared to GBC participants (58%), more MIC participants
(84%) were prescribed NMR-matched medication (i.e., normal metabolizers received varenicline; slow
metabolizers received NRT patch). MIC increased the odds of optimized matching between NMR and
medication more than 3-fold over GBC. Because the number needed to treat (NNT) to help one normal
metabolizer quit smoking is only 4.9 for varenicline versus 26 for patch, broad implementation of MIC
will improve drug efficacy in normal metabolizers as well as minimize side effects in slow metabolizers.
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Introduction

Smoking is the leading preventable cause of disease and death in the
world.! In 2015, 15% of US adults, approximately 40 million peo-
ple, smoked cigarettes and 11% were daily smokers.? Although 70%
of adult smokers see a healthcare provider annually, only one third
of those attempting to quit use proven pharmacotherapy such as
varenicline or nicotine replacement therapy (NRT).>* Additionally,
even with use of proven behavior therapy and FDA-approved med-
ications, less than 25% of smokers, on average, are abstinent for
6 months or more.*

The rate of nicotine metabolism predicts nicotine dependence,
cessation success, and outcomes with pharmacotherapy.®'* Nicotine
is rapidly metabolized in the liver, primarily by the cytochrome
P450 enzyme CYP2A6,' to cotinine, which is further metabolized
to 3-hydroxycotinine (3-HC) by CYP2A6." The ratio of 3-HC to
cotinine, known as the nicotine metabolite ratio (NMR), reflects
CYP2A6 activity and the rate of nicotine metabolism among regular
smokers.® In a 2015 landmark randomized controlled trial (RCT),"
varenicline nearly doubled end of treatment cessation rates over
NRT patch among “normal” metabolizers as assessed by NMR.
Among normal metabolizers, the number needed to treat (NNT) was
4.9 for varenicline and 26 for NRT patch. By contrast, quit rates
were equal in “slow” metabolizers, who also reported more side
effects with varenicline compared to placebo (NNT 8.1 for vareni-
cline, 10.3 for NRT patch). Bupropion could be a viable non-nico-
tine alternative for normal metabolizers who are unable or unwilling
to take varenicline."

These findings provide a rationale for metabolism-informed care
(MIC), an approach that matches normal metabolizers with non-
nicotine based therapy (preferably varenicline) and slow nicotine
metabolizers with NRT patch. By thus increasing the match rates
between NMR and pharmacotherapy, MIC could maximize the
efficacy for normal metabolizers while minimizing side effects for
slow metabolizers. Several key knowledge gaps remain regarding
the feasibility of employing MIC for smoking cessation in a clinical
population. First, smokers’ perceptions and attitudes about MIC are
unknown, and thus it is unclear whether they would be willing to
undergo extra testing for NMR (i.e., blood draw) and whether they
would follow through with the NMR-informed medication recom-
mendation. If smokers accept the precision intervention, then this
should be reflected in high match rates between NMR and medi-
cation, such that most normal metabolizers accept varenicline or
bupropion, while most slow metabolizers accept NRT patch. We
hypothesized that MIC would be accepted by most smokers, and
that MIC participants would exhibit higher NMR-medication match
rates than GBC participants.

Theoretically, MIC could also offer smokers a reason to be more
confident about quitting smoking. For example, if normal metabo-
lizers knew that varenicline could double their quit rates over NRT
patch, they may be more likely to use the medication and to quit
smoking. Similarly, if slow metabolizers knew they could avoid
potential side effects of varenicline and do just as well on NRT
patch, then this knowledge could also support adherence and ces-
sation efforts.

In this context, we determined the feasibility of MIC by assess-
ing smokers’ attitudes toward a precision-guided approach to ces-
sation and quantifying the extent to which MIC improves match
rates between NMR and pharmacotherapy as compared to GBC.
Secondary outcomes for which the study was not powered included
self-reported confidence to quit smoking, use of medications, and

7-day point-prevalence abstinence at 1, 3, and 6 months (with bio-
chemical validation at 6 months). Biochemically validated abstin-
ence was defined as end-expired CO <§ parts per million (ppm).'¢
Self-reported use of medication was assessed at 1 and 3 months.

Methods

Enrollment and Randomization

The study protocol was approved by the Vanderbilt University
Medical Center (VUMC) Institutional Review Board, and enroll-
ment was conducted between May 18, 2016 and September 27,
2016. This study was registered with ClinicalTrials.gov (identifier
NCT03227679). Participants were recruited from multiple venues
across VUMC, including outpatient Cardiology and Inflammatory
Bowel Disease (IBD) clinics and the Vanderbilt Clinical Trials
Center (CTC), which focused on patients who had recently attended
a clinic visit for cardiovascular care. Selection of cardiovascular and
IBD patients was based on the desire to recruit smokers with med-
ical comorbidity, who were considered to be the most representative
of future MIC recipients in clinical practice. Participants enrolled
directly from Cardiology and IBD clinics were approached in per-
son by study staff for eligibility screening and consent. Enrollment
through the CTC consisted of telephone-based engagement/screen-
ing of smokers who recently attended a cardiovascular clinic visit as
identified in the electronic health (EHR), with subsequent in-person
consent/enrollment at the dedicated CTC facility on the VUMC
campus. Eligible participants were adult (218 years), daily smok-
ers (=5 cigarettes/day) who were medically appropriate to receive
at least 2 FDA-approved smoking cessation medications (nicotine
patch and either varenicline or bupropion). Participants had to be
willing to accept a medication prescription for one FDA-approved
medication for which they were eligible. Smokers were ineligible
if they had serious or unstable psychiatric disease (schizophrenia,
psychosis, active suicidal ideation, or psychiatric hospitalization/
change in psychiatric medications in prior 3 months) or advanced
neurocognitive disease (dementia, severe mental retardation). By
contrast, individuals with stable depression were not excluded.
Additional exclusion criteria included: inability to reliably receive
telephone calls, inability to read and speak English, being pregnant
or actively breastfeeding, receiving hospice or palliative care, or
complete abstinence from cigarettes for >3 days (which invalidated
the NMR results). Participants were assigned to MIC or GBC via a
stratified block randomization with block size of 10 and four strata
defined by self-reported baseline cigarettes per day (<10/>10) and
venue (Cardiology/IBD) (Figure 1). Randomization was not strati-
fied by NMR status.

NMR Determination

At the time of consent, all participants underwent a blood draw for
subsequent measurement of nicotine, cotinine, and 3-HC. VUMC cur-
rently contracts with ARUP national reference laboratory (Salt Lake
City, Utah) to conduct this clinical assay by quantitative high per-
formance liquid chromatography-tandem mass spectrometry using
Clinical Laboratory Improvement Amendments (CLIA)-approved
protocols (http://ltd.aruplab.com/tests/pub/0092361), with a limit of
detection of 2 ng/ml for all analytes. Results are reported in the EHR
within 2-5§ days from sample collection and values were entered into
a secure database!'” by personnel not involved in the study interven-
tion or follow-up assessments. The NMR was calculated automatic-
ally as the ratio of 3-HC to cotinine. Following the a priori threshold
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used by Lerman et al., slow metabolizers were defined by an NMR
<0.31 and normal metabolizers by an NMR > 0.31.13

Interventions and Medication Provision

All participants received a telephone-based intervention from a
nurse certified tobacco treatment specialist 1-2 weeks after enroll-
ment, during which they received smoking cessation counselling and
referral to their state tobacco quitline. For participants in GBC, the
nurse tobacco specialist educated participants regarding smoking
cessation medications for which they were eligible (as determined
during eligibility screening), including efficacy and common side
effects, and co-selected medication from those they were medically
able to receive. Procedures for MIC were identical to GBC except
that for MIC, the nurse tobacco specialist, who was unblinded to
treatment arm, recommended NMR-informed choice of pharma-
cotherapy (i.e., varenicline as a first choice for normal metaboliz-
ers and NRT patch for slow metabolizers). MIC participants were
made aware of their NMR result and were encouraged to follow the
NMR-informed recommendations, but could choose any medication
for which they were medically eligible. By contrast, GBC partici-
pants were blinded to their NMR results, as was the nurse tobacco
specialist for this treatment arm.

Participant Assessments and Follow-up

At enrollment (prior to NMR determination), all participants com-
pleted an in-person baseline questionnaire assessing attitudes toward
using biological information to inform care of smoking (e.g., “I
approve of using tests to determine how my body breaks down nico-
tine to help me quit smoking.”; “The development of blood tests to
help match patients with the drugs that might work best for them is
a positive medical progress.”), willingness to participate in precision
tobacco treatment research, confidence in ability to quit smoking,'®
and smoking behavior (cigarettes per day and time to first cigarette
years of smoking to calculate the Heaviness of Smoking Index)."”
Participants underwent baseline screening for depression (PHQ-
2)?° and hazardous alcohol use (AUDIT-C),*! but were not excluded
based on results of these surveys. Participants also completed a
baseline assessment of physical, behavioral, and neuropsychiatric
symptoms. Follow-up assessments were conducted by telephone at
1, 3, and 6 months by study personnel blinded to treatment arm
assignment, and included self-reported confidence to quit smoking/
maintain abstinence, medication use in the past 7 days, 7-day point-
prevalence abstinence, perceived helpfulness of care received during
the study, and a symptom survey. Subjects self-reporting abstinence
were invited for biochemical validation by measurement of end-
expired carbon monoxide (CO), where abstinence was defined as
end-expired CO <5 parts per million (ppm).'® Clinically significant
side effects to medication were defined as new or worsening physical
complaints (e.g., palpitations, nausea) self-reported as severe, behav-
ioral/neuropsychiatric symptoms (e.g., hostility, agitation) reported
as > moderate, or any report of suicidal/homicidal ideation, hospi-
talization, death, or life-threatening medical diagnosis (e.g., malig-
nancy, myocardial infarction).

Statistical Analysis

Summary statistics were calculated as median with lower and upper
quartile for continuous variables, and as percentages for categor-
ical data. Between-group comparisons were performed using Fisher’s
Exact test for categorical data and the Kruskal-Wallis rank sum test

as appropriate. We used a logistic regression to model the ratio of
odds of achieving a pharmacotherapy-NMR match for MIC versus
GBC. We did not additionally control for NMR status, which would
not be expected to have a main effect on the outcome of pharmaco-
therapy-NMR matching. Due to sample size, we elected not to test
for an interaction between NMR status and treatment arm; p values
of <0.05 were considered statistically significant. Analyses were per-
formed using R version 3.1.1.

Results

A total of 81 participants were randomized (Figure 1), including 14
from Cardiology outpatient clinics, 31 from outpatient IBD clinics,
and 36 through the CTC. Participants were a median age of 53 years
[IQR 44-61 years], 44% female, 28% black, with 44% reporting
a high school education or less. Household income ranged widely:
<$15K (17%), $15K-$35K (26%), >$35K-$75K (30%), >$75K
(12%). Half of participants had a high Heaviness of Smoking Index
(HSI > 4), 12% screened positive for depression (PHQ-2 > 3), and
17% screened positive for problem drinking (Audit-C >3 (women),
>4 (men)) (Table 1). Approximately 60% of participants received
varenicline, with similar rates of use in both arms.

Participants reported high approval of MIC, with ~90% of
smokers endorsing (Agree or Strongly Agree) multiple aspects of
NMR-guided care. However, at baseline 15% expressed worry
about consequences of knowing their nicotine metabolism status in
terms of chances of quitting (i.e., possibly more difficult for normal
metabolizers), and 11% expressed fear of knowing about their own
nicotine metabolism (Table 2). Both worry and fear were associated
with smoking fewer (<10) cigarettes per day (p = 0.03 and p = 0.01,
respectively). Fear of knowing was associated with high AUDIT-C
(p = 0.05). The study sample size was too small to further analyze
by NMR status.

Nicotine metabolites were detected in all subjects. The median
NMR was 0.36 [0.27-0.59], and Supplementary Figure 1 shows the
distribution of NMR values for the entire cohort. Normal metabo-
lizers represented 55% of MIC participants and 73% of GBC par-
ticipants, respectively. The median NMR for slow metabolizers was
0.22[0.18-0.27] and for normal metabolizers was 0.54 [0.38-0.82],
which is similar to values reported in studies of ambulatory smokers
with fewer comorbidities.’* One participant in each group did not
receive the allocated medication intervention. Overall, 36/43 MIC
participants (84%) who were assigned a medication accepted the
prescription that matched their NMR status. By comparison, among
GBC participants who were prescribed a medication, just over half
(21/36, or 58%) happened to receive (i.e., by chance) smoking cessa-
tion medication that matched their NMR. Put another way, 42% of
GBC participants were “mismatched” as compared to only 16% in
MIC (p = 0.02). The odds of matching were greater among MIC as
compared to GBC participants (OR 3.67, 95% confidence interval
[1.33, 11.00; p = 0.015]) (Table 3).

The study was not powered to assess confidence in quitting,
medication adherence, or smoking cessation, and therefore these
endpoints were secondary outcomes. Descriptive statistics for these
secondary endpoints are presented in Supplementary Table 1. In brief,
6-month follow-up was successfully completed in 65 (80%) partici-
pants. Among those completing follow-up at 6 months, the overall
self-reported 7-day point-prevalence abstinence rate was 25% and
similar between groups (23% for MIC and 27% for GBC). Of the 16
participants self-reporting abstinence at 6-months, 10 agreed to and
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Charts reviewed

for preliminary eligibility

(n=758)

'Some patients reviewed/approached more than once

+ Reviewed as ineligible (n=44)
O  Smokes <5 CPD (n=16)
O  Not cleared for medications (n=15)
O  Unstable psychiatric condition (n=9)
O  Palliative or Hospice care (n=2)

O  Does not speak/read English; Unwilling to quit (n=1)

A

+ Unable to be contacted (n=306)

Approached in person/by phone

(n = 408)

-~

+ Refused eligibility assessment (n=70)

v

Agreed to be assessed for eligibility

(n =338)

Excluded (n=256)
+ Not meeting eligibility criteria (n=212);
O  Smokes <5 CPD (n=180)

Unwilling to quit (n=9)
Not cleared for medications (n=8)

A 4

Unwilling to take medications (n=5)
Taking cessation meds already (n=4)
Deceased (n=3)

Does not speak/read English (n=2)

ooooooao

Enrolled (n=82)

Unstable psychiatric condition (n=1)
+ Unwilling to participate (n=44)

S

+ Did not complete NMR Blood Draw (n=1)

v

Randomized (n=81)

v

v

Allocated to MIC (n = 44)
+ Received phone intervention (n = 43)
+ Did not receive allocated phone intervention (n = 1):
Could not be reached (n = 1)
+ Received med intervention (n = 43)

+ Did not receive allocated med intervention (n = 1):
Could not be reached (n = 1)

!

1 Month follow-up (81.1%)
+ Completed follow-up (n = 36)

+ Did not receive allocated follow-up (n = 8)
Could not be reached (n =7)

v

Allocated to GBC (n = 37)
+ Received phone intervention (n = 37)
+ Did not receive allocated phone intervention (n = 0)
+ Received med intervention (n = 36)

+ Did not receive allocated med intervention (n = 1):
Declined medications (n = 1)

!

!

1 Month follow-up (73.0%)

+ Completed follow-up (n = 27)
+ Did not receive allocated follow-up (n = 10)

Could not be reached (n = 9)
Withdrawn from active follow-up (n = 1)

3 Month follow-up (75.0%)
¢ Completed follow-up (n = 33)
+ Did not receive allocated follow-up (n = 11)
Could not be reached (n = 11)

Deceased (n=1)

|

3 Month follow-up (89.2%)

+ Completed follow-up (n = 33)
+ Did not receive allocated follow-up (n = 4)

Could not be reached (n = 4)

6 Month follow-up (79.5%)

+ Completed follow-up (n = 35)
Eligible for CO validation (n = 8)
Completed validation (n = 2)
Did not complete validation (n = 6)
Time/Hassle (n = 2)
Transportation (n = 1)
No show to appt. (n = 1)
Distance (n = 2)

+ Did not receive allocated follow-up (n = 9)
Could not be reached (n = 8)
Withdrawn from active follow-up (n = 1)

Deceased (n=1)

'

Figure 1. CONSORT Diagram.

6 actually completed end-expired CO measurement. Among these,
end-expired CO was <5 ppm in half (3/6), and <10 ppm in all (6/6)
participants. At three-months (end of treatment), overall past 7-day

6 Month follow-up (81.1%)

+ Completed follow-up (n = 30)

Eligible for CO validation (n = 8)
Completed validation (n = 4)
Did not complete validation (n = 4)
Time/Hassle (n = 2)
Distance (n = 2)

+ Did not receive allocated follow-up (n = 7)

Could not be reached (n =7)

use of study medication was 59% and similar in both arms (61%
for MIC and 58% for GBC; p = ns). Clinically important medica-
tion side effects were uncommon (13% of all participants taking
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Table 1. Baseline characteristics of enrolled participants

Treatment Arm

Metabolism informed care

Guideline based care

Variable Total (N = 81) (N = 44) (N=37)
Age (years)
Median 53.5 53.2 54.4
Interquartile range (44.5, 60.6) 45.8,60.8 43.9,59.6
Minimum/maximum 28 0/79.9 28 0/71.9 28 6/79.9
Gender Female 6 (44.4%) 0 (45.5%) 6 (43.2%)
Race White 5(67.9%) 0 (68.2%) 5(67.6%)
Black 3(28.4%) 2(27.3%) 1(29.7%)
Heaviness of smoking index Light 5(6.2%) 3(6.8%) 2 (5.4%)
Moderate 5(43.2%) 1(47.7%) 4(37.8%)
Heavy 1(50.6%) 0(45.5%) 1(56.8%)
Cigarettes per day over last 7 days >10 7 (82.7%) 5(79.5%) 2 (86.5%)
Income <$15000 4(17.3%) 6 (13.6%) 8 (21.6%)
$15000-$35000 1(25.9%) 2(27.3%) 9 (24.3%)
$35000-$75000 4(29.6%) 6(36.4%) 8 (21.6%)
>$75000 0 (12.3%) 6(13.6%) 4(10.8%)
Don’t know/decline 2 (14.8%) 4(9.1%) 8 (21.6%)
Education High school or less 6 (44.5%) 21 (47.7%) 15 (40.5%)
Vocational 8 (9.9%) 4(9.1%) 4(10.8%)
Some college/college graduate 7 (45.7%) 19 (43.2%) 18 (48.6%)

Audit-C High (>3 women, >4 men) 4 (17.3%) 9 (20.5%) 5(13.5%)

PHQ-2 High (>3) 0 (12.3%) 6(13.6%) 4(10.8%)

Medication prescribed Varenicline 5(58.4%) 23 (56.1%) 22 (61.1%)

Bupropion 7(9.1%) 2 (4.9%) 5(13.9%)
Nicotine patch 25 (32.5%) 16 (39%) 9 (25%)
Table 2. Baseline participant perceptions of metabolism-informed care
N (%) N (%)
Metabolism Guideline
N (%) Overall informed care based care

Survey question Response (N =81) (N =44) (N=37)

I approve of using tests to determine how my Strongly agree/Agree 79 (97.5%) 43 (97.8%) 36 (97.3%)
body breaks down nicotine to help me quit Neither agree nor disagree/ 2 (2.5%) 1(2.3%) 1(2.7%)
smoking. Disagree/Strongly disagree

Don’t know/ decline 0 (0%) 0(0%) 0 (0%)

The development of blood tests to help match Strongly agree/Agree 74 (91.4%) 40 (90.9%) 34 (91.8%)
patients with the drugs that might work best Neither agree nor disagree/ 3(3.7%) 1(2.3%) 2 (5.4%)
for them is a positive medical progress. Disagree/Strongly disagree

Don’t know/ decline 4 (4.9%) 3(6.8%) 1(2.7%)

If a blood test told me that I might have a more Strongly agree/Agree 7 (8.6%) 5(11.4%) 2 (5.4%)
difficult time quitting smoking than some other Neither agree nor disagree/ 71 (87.7%) 37 (84.1%) 34 (91.9%)
people I wouldn’t even bother trying to quit Disagree/Strongly disagree

Don’t know/ decline 3(3.7%) 2 (4.5%) 1(2.7%)

I worry about the consequences of knowing how Strongly agree/Agree 12 (14.8%) 9 (20.5%) 3 (8.1%)
my body breaks down nicotine for the chances Neither agree nor disagree/ 68 (84.0%) 34 (77.3%) 34 (91.9)
of quitting smoking. Disagree/Strongly disagree

Don’t know/ decline 1(1.2%) 1(2.3%) 0(0%)

The idea of knowing how my body breaks down Strongly agree/Agree 9(11.1%) 7 (15.9%) 2 (5.4%)

nicotine frightens me. Neither agree nor disagree/ 70 (86.4%) 35(79.5%) 35 (94.6%)
Disagree/Strongly disagree
Don’t know/ decline 2(2.5%) 2 (4.5%) 0(0%)

I would want to know if the way my body breaks Strongly agree/Agree 75(92.6%) 40 (90.9%) 35 (94.6%)
down nicotine makes it harder for me to stop Neither agree nor disagree/ 5(6.2%) 3(6.8%) 2 (5.4%)
smoking compared to some other people Disagree/Strongly disagree

Don’t know/ decline 1(1.2%) 1(2.3%) 0 (0%)
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Table 3. Matching of NMR to pharmacotherapy by treatment arm

Treatment arm by NMR status

Metabolism-informed Care

Guideline based care

Baseline (n =44) (n=37)
Normal (7 = 24) Slow (n = 20) Normal (n = 27) Slow (n = 10)
Medication prescribed* Varenicline 19 (79.2%) 4 (21.1%) 14 (52.9%) 8 (80.0%)
Bupropion 2(8.3%) 0 (0.0%) 5 (18.5%) 0 (0.0%)
Nicotine Patch 3(12.5%) 15 (75%) 7 (25.9%) 2 (20.0%)

NMR-medication matching* 36/43 (84%)

21/36 (58%)

*p=0.02

medications; N = 5) and too rare to permit statistical comparisons
between treatment groups. Participants in both groups reported high
confidence in quitting and high satisfaction with the care throughout
the trial.

Discussion

Here we report results of a pilot RCT of metabolism-informed care
(MIC), a precision treatment for smoking cessation, in a diverse
clinical population of daily smokers in care. Overall, about 9 out
of 10 participants endorsed the concept of MIC, including wanting
to know the consequences of their NMR for quitting smoking and
development of blood tests to help match patients with smoking ces-
sation drugs, and MIC participants demonstrated high willingness to
accept the NMR-guided pharmacotherapy. Even with very high rates
of varenicline use in both study arms and the preservation of patient
autonomy in choice of medication, MIC still produced more than
a 3-fold higher odds of matching NMR and medication, with most
normal metabolizers receiving varenicline and most slow metaboliz-
ers receiving NRT patch.

These results, in combination with the recent study demonstrat-
ing greater efficacy of varenicline among normal metabolizers,"
have potentially broad implications for tobacco treatment. The land-
mark EAGLES trial established the safety of varenicline and other
FDA-approved smoking cessation medications for diverse smok-
ers, including those with medical and psychiatric illness.?? Because
varenicline is more effective than NRT patch (when NMR is not
considered), its use is expected to increase. However, varenicline
and NRT patch differ greatly in cost and side-effect profiles, and
while increased varenicline use may be associated with increased ces-
sation, it is also predicted to result in substantially increased cost
and side effects, perhaps reducing overall cost-effectiveness. In this
context, there could be significant benefit from precision medicine
approaches such as MIC that use patient-specific information to
customize prescribing by matching patients with the medications to
which they are more likely to respond and/or have fewer side effects.
Specifically, the increase in varenicline use could be targeted to the
~2/3 of smokers who are normal metabolizers'® and would derive
additional benefit, while varenicline could be avoided in the ~1/3 of
smokers who do not derive additional benefit over NRT patch, and
who may also experience more side effects with varenicline. Indeed,
one of our major findings was dramatically increased concordance
between nicotine metabolism status and medication in MIC com-
pared to GBC. This increased concordance was largely driven by

the avoidance of varenicline in slow metabolizers. The frequency of
medication side effects was low in both groups and there were an
insufficient number of events to compare treatment groups.

Nearly half of patients treated with GBC received medications
that were not matched with their NMR. Quantifying this discord-
ance illustrates the generic nature of GBC and underscores the need
for interventions such as MIC. Further, the 42% mismatch in our
study is likely to be a conservative estimate, because the prescrip-
tion rates of varenicline in GBC were extremely high compared
to its relatively low rates of use in clinical care, even in developed
countries.”*** One aspect of MIC that this study was not able to
address is whether such a precision approach could actually drive
increased prescription rates of varenicline, which is vastly underu-
tilized in large part due to persistent concerns among smokers and
providers about potential side effects. These concerns unfortunately
persist more than a year after the EAGLES trial was published. It
is possible that NMR test results could persuade providers to pre-
scribe varenicline (and persuade smokers to accept the medication)
by having a clear biochemical basis for selecting it, especially in light
of the dramatically lower NNT for varenicline compared to NRT
patch (4.9 vs. 26) and favorable side-effect profile of varenicline in
normal metabolizers."> Our study could not address this question
because the medication teaching was conducted by the research
nurse tobacco specialist, and the prescriptions were written by the
study physicians.

A large majority of participants approved of MIC. However, at
baseline a minority of smokers expressed worry and fear regard-
ing receiving NMR results. These results imply that patient educa-
tion and clinical support for MIC should be augmented to address
potential concerns, and highlight the need for future research to
assess patient perceptions of NMR-guided care and determine their
impact on process measures as well as clinical outcomes. It would
be informative for future studies to assess these outcomes both at
baseline and after intervention to quantify the effect of MIC on
patient attitudes.

This study offers a scalable model for integration of NMR-guided
smoking treatment into clinical workflows. The measurement of
nicotine metabolites is inexpensive (approximately $25) and widely
available as a routine clinical laboratory test. What is not yet clear is
how availability of NMR in the electronic health record would actu-
ally translate into its use by clinical providers, and to what extent
providers would require dedicated tobacco treatment expertise to
help interpret and integrate the NMR results into patient care.?® This
issue could be probed as part of a future implementation trial.
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Strengths of our trial include diverse representation across soci-
odemographic characteristics and a randomized controlled study
design. Additionally, almost two-thirds of participants received
varenicline, allowing a “fair” comparison between MIC and the
robust GBC intervention that recognized varenicline as first line, in
accordance with evidence-based practice.?? Such a robust control
condition offers another benefit over a “usual care” comparison in
that any demonstrated advantage of MIC over GBC is not simply
due to increased varenicline use, but to higher matching of NMR
and pharmacotherapy. At the same time, a limitation of the robust
GBC comparison is that power was limited to detect a difference in
efficacy for smoking cessation, which would require a much larger
trial and specifically, a larger population of normal metabolizers,
whose quit rates are expected to double with use of varenicline as
compared to NRT patch. A future study may require more than two
arms to sort out these key nuances. Additionally, although medica-
tion use was not a primary study outcome, the self-reported rates
of medication use may overestimate true adherence, which would
require objective verification such as blood drug levels.

Biochemical validation of self-reported abstinence was obtained at
6 months, but many participants were unable or unwilling to return
for the visit, underscoring the challenges of engaging clinical popula-
tions, especially those in specialty care at a tertiary care institution. For
example, many participants with inflammatory bowel disease lived far
away from the medical center, making non-essential travel prohibi-
tively expensive and time consuming. Finally, inclusion of participants
from sub-specialty clinics at a single institution could reduce the gen-
eralizability of the findings. Although participants enrolled the current
study are representative of daily smokers in care in the mid-South, our
results may not generalize to healthier populations, such as smokers
seen in primary care. The original trial demonstrating greater efficacy
of varenicline over NRT patch for cessation in normal metabolizers
as assessed by NMR" was conducted among a healthier group of
smokers including those without cardiac disease or psychiatric con-
ditions, suggesting that a population of healthier smokers would be
an appropriate target for implementation of precision treatment of
smoking. However, that study was not designed to assess whether
healthier smokers would be willing to undergo a blood test for NMR
and follow the treatment plan suggested by the results. Future research
should address ambulatory smokers’ attitudes, beliefs, and acceptance
of a precision approach to treatment of smoking.

In summary, MIC, an NMR-based precision smoking treatment,
is strongly endorsed by daily smokers and results in improved con-
cordance between nicotine metabolism status and pharmacotherapy.
To our knowledge, this is the first study to demonstrate feasibility of
an NMR-based approach to smoking cessation in a clinical setting.
Future trials are needed to test the effectiveness and implementation
of MIC for clinical populations.
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Supplementary data are available at Nicotine and Tobacco Research
online.
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