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Abstract

In a placebo-controlled trial, we examined the efficacy of a 6-month (“extended”) transdermal
nicotine therapy vs. the 8-week (“standard”) therapy in 471 Caucasian smokers with either normal
or reduced rates of nicotine metabolism as determined at pretreatment. Extended therapy was
superior to standard therapy in genotypic or phenotypic reduced metabolizers (RMs) of nicotine
but not in normal metabolizers (NMs). RMs of nicotine are candidates for extended transdermal
nicotine therapy, whereas an alternative therapeutic approach may be needed for those with
normal rates of nicotine metabolism.

Tobacco dependence is a chronic disorder that may require extended therapy. Indeed,
smokers who receive extended (6-month) therapy with transdermal nicotine are
approximately twice as likely to be abstinent at the end of treatment than those receiving the
standard (8-week) therapy that is usually prescribed.! However, extended therapy is more
costly, and there is substantial interindividual variability in treatment outcome.! There is
therefore a strong rationale for identifying pretreatment biomarkers that can be used to
inform decisions about treatment duration. Genotypic or phenotypic measures of the rate of
nicotine clearance have promise in this regard.?

Nicotine is metabolized to cotinine, and cotinine is metabolized to 3’-hydroxycotinine,
primarily by CYP2A6.3 Approximately 60% of the variability in nicotine metabolism is
heritable,* and reduced-activity and inactive variants of the CYP2A6 gene associated with
slower nicotine clearance have been well characterized.® Among smokers receiving a
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standard dose of transdermal nicotine, those with such genetic variants achieve higher
therapeutic doses of nicotine than those without such variants, at comparable levels of
treatment compliance.8 Correspondingly, a phenotypic measure of the ratio of the nicotine
metabolites derived from smoking (plasma 3’-hydroxycotinine/cotinine) predicts the
efficacy of transdermal nicotine therapy across independent clinical trials.”-8 Lower values
of this nicotine metabolite ratio (NMR), indicating reduced nicotine metabolism, are
associated with more successful smoking cessation. On the basis of the greater
responsiveness to transdermal nicotine shown by slow metabolizers of nicotine, we tested
the hypothesis that this subgroup, defined by CYP2A6 genotype or NMR, would be more
likely to benefit from a 6-month therapy with transdermal nicotine than from an 8-week
therapy, as compared with normal metabolizers (NMs) of nicotine. We refer to these
treatment arms as “extended” and “standard,” respectively; however, we recognize that there
is variability in duration of administration across settings and countries.

Descriptive data

In this study, 243 participants were assigned to standard therapy and 228 were assigned to
extended therapy. We assigned the participants to one of two NMR phenotype groups,
defined by the first quartile of the NMR vs. the second to fourth quartiles: (i) reduced
metabolizer phenotype (RM-P) (n = 118, 25%) and (ii) NM phenotype (NM-P) (n = 353,
75%). Our decision to dichotomize the NMR in this fashion was based on the results of our
prior validation study,® which showed that the main difference in quit rates was between the
first quartile (slowest metabolizers) and the second through fourth quartiles. We also created
two genotype-defined groups: (i) RM CYP2A6 genotype (RM-G), consisting of all
individuals with variant (i.e., not CYP2A6* 1/* 1) genotypes (n = 109, 23.1%), and (ii) NM
genotype (NM-G) (n = 362, 76.9%).° These RM-G and NM-G groupings allowed us to
compare the utility of the genotype and phenotype groupings, as these provided comparable
group sizes (23.1 vs. 25%, respectively) with similar CYP2AG6 activity (i.e., NMR and
plasma nicotine levels; see below).

Of the total cohort, 58% were men, and the mean age was 44.6 years (SD = 10.4). The mean
number of cigarettes smoked per day was 22.1 (SD = 9.0), and the mean Fagerstrom Test for
Nicotine Dependence score was 5.28 (SD = 2.16). On average, NM-P participants were
older (P = 0.009) and more likely to be women (P = 0.017), as compared with RM-Ps. There
were no significant differences in demographic or smoking variables by treatment arm or

genotype group.

Inactive and reduced-activity variants of genotypes commonly found among Caucasians
were found at expected frequencies (Table 1);%:10 each variant genotype was found to be in
Hardy—Weinberg equilibrium. The expected gene—dose effect on the NMR was observed:
those with CYP2A6* 1/* 1 had a higher mean NMR than those with CYP2A6* 1/*2, which in
turn was higher than in those homozygous for CYP2A6* 2 (P = 0.001); the *1/*1 group also
has a higher mean NMR than the CYP2A6*9 group (P < 0.0001, Table 1).

Treatment-related plasma nicotine levels

In smokers with verified abstinence at 1 week after quitting smoking (CO < 10 p.p.m.), we
measured plasma nicotine levels arising from the treatment with transdermal nicotine. The
abstinent participants in the RM-G group (n = 81) had significantly higher plasma nicotine
levels from treatment (17.8 ng/ml (SD = 8.0)) as compared with the abstinent participants in
the NM-G group (n = 242) (14.9 ng/ml (SD = 7.2), P = 0.003). Likewise, plasma nicotine
levels were higher among abstinent RM-P participants (n = 88) than among the NM-P ones
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(n=235) (18.1 ng/ml (SD = 9.3) vs. 14.8 ng/ml (SD = 6.5), P = 0.003). Compliance was
similar in the groups, with the rate of daily patch use being only slightly higher in RM-Gs
than in NM-Gs (3.6%, P = 0.20), and slightly higher in RM-Ps than in NM-Ps (2.5%, P =
0.34); it is clear, therefore, that the higher levels of plasma nicotine in RM-Gs and RM-Ps
(relative to the respective normal groups) cannot be attributed to differences in compliance.

Efficacy of extended therapy vs. standard therapy

As reported in Table 2 and illustrated in Figure 1a, at 24 weeks (end of the extended
treatment phase), there was a significant interaction between CYP2A6 genotype and
treatment duration (P = 0.04), indicating the greater relative efficacy of extended therapy vs.
standard therapy for RM-Gs (P = 0.002) but not for NM-Gs (P = 0.13). This interaction
effect was no longer statistically significant after the medication period ended (i.e., 52
weeks). For NMR phenotype, as shown in Table 2 and Figure 1b, there was a significant
treatment effect in RM-Ps (P = 0.02) but not in NM-Ps (P = 0.078) at 24 weeks; however,
the effect of the interaction of NMR phenotype with treatment duration was not statistically
significant (P = 0.346).

In addition to longitudinal modeling of extended therapy vs. standard therapy within
genotype or NMR group, we also examined whether there were genotype or NMR
phenotype effects on abstinence rates at the end of 8-weeks of standard therapy (independent
of treatment group, because all the participants were on active patch for the first 8 weeks).
There was a significant difference in abstinence rates between the RM-Ps and NM-Ps (x2 =
10.99, P = 0.001), as reported previously.8 For genotype, by contrast, the difference was not
significant (x2 = 1.5, P = 0.13). Consistent with the aforementioned analysis, at 24 weeks,
the effect of CYP2A6 genotype on abstinence was significant only in the extended therapy
group (x2 = 3.76, P = 0.039) and not in the standard therapy group (x2 = 1.61, P = 0.14).
Likewise, the effect of NMR phenotype was significant only in the extended therapy group
(x2 = 11.02, P = 0.001) and not in the standard therapy group (32 = 1.97, P = 0.12).

DISCUSSION

The results show that smokers with reduced nicotine metabolism benefit more than NMs
from extended (6-month) transdermal nicotine therapy as compared to standard (8-week)
therapy. At the end of extended therapy, the treatment effect was significant among RMs by
genotype and phenotype but not among NMs; however, the group-by-treatment interaction
was significant only for the genotype measure. The substantial benefits of extended therapy
for RMs were maintained during the treatment period, and quit rates exceeded the 6-month
quit rates achieved with 12 weeks of bupropion or varenicline therapy.1! However, these
benefits for RMs dissipate once treatment ends, suggesting that they may benefit more from
even longer treatment.

The higher treatment-related plasma nicotine levels among RMs as compared with NMs
may contribute to the greater quitting success in RMs during transdermal nicotine therapy.
In addition, in RMs, the pharmacokinetics of transdermal nicotine (i.e., stable nicotine
levels) may be more similar to that of nicotine derived from smoking, whereas NMs may be
more accustomed to intercigarette variation (peaks and troughs) in nicotine levels from
smoking. It appears that the benefit of transdermal nicotine is maintained among RMs but
only as long as therapy is continued (Figure 1). The differences in outcome between RMs
and NMs cannot be attributed to differences in dependence or smoking rate because these
variables were controlled for in the models and are not strongly associated with nicotine
metabolism rate, as shown in earlier studies.12.13
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As we reported previously,! significant benefits of extended vs. standard therapy are
observed in the full cohort when nicotine metabolism rate is not considered. However, a
prior study reported no benefits of an extended transdermal therapy regimen.1# In addition to
differences in study design and outcome assessment, it is possible that the lack of
concordance of findings is partly attributable to variability in nicotine clearance rates across
the two study populations. Assessment of nicotine metabolism rate in clinical trials of
smoking cessation treatment may provide valuable information for interpretation of effects
within and between studies.

A limitation of this study is that the study sample was restricted to Caucasians to minimize
population stratification in the genotype assessment. In other populations, this benefit of
extended treatment may be even more important because RMs of nicotine represent a
substantially larger portion of the African-American and Asian populations.>12:16 Similar
studies in these populations are warranted to test the generalizability of these findings.
Another limitation is the lack of data collected immediately following the change from
active to placebo patch in the standard therapy group, leaving open questions as to the
mechanisms responsible for differential efficacy.

We have shown that the benefit of extending transdermal nicotine therapy to 6 months is
greatest among smokers with reduced nicotine metabolism. NMs who benefit less from
standard or extended transdermal nicotine therapy may be good candidates for higher-dose
nicotine replacement or for non-nicotine therapies for smoking cessation. A placebo-
controlled trial of bupropion showed a substantial benefit of therapy with this drug for NMs,
particularly those with the highest metabolism rates.1’ If further studies confirm these
results, determination of nicotine metabolism rate can be used to tailor the type, dose, and
length of smoking cessation treatment in clinical practice.

Individuals who responded to advertisements for a free smoking cessation program and
provided written informed consent were screened for eligibility. Eligible participants were
18-65 years of age, reported smoking more than 10 cigarettes per day, had no prior history
of a DSM-1V (Diagnostic and Satistical Manual of Mental Disorders, 4th ed.) axis |
psychiatric or substance use disorder, and were not using psychotropic medications. The full
exclusion criteria can be found elsewhere.! The study was restricted to 471 Caucasian
smokers (Figure 2).

Participants’ smoking rates and nicotine dependence were reported on the basis of the
Fagerstrom Test for Nicotine Dependence.1®. They were randomized to one of two treatment
arms using a computer-generated randomization scheme accessible only to the senior
programmer. At baseline, participants provided samples for the NMR plasma assay and
DNA for genotyping.

As previously described,! treatment was initiated on the target quit date. All participants
received 8 weeks of open-label 21-mg transdermal nicotine (Nicoderm CQ;
GlaxoSmithKline, Research Triangle Park, NC). Thereafter, those who were randomized to
standard treatment received placebo patches for 16 weeks, and those randomized to
extended treatment received 21-mg nicotine patches for 16 weeks. The study condition was
concealed from participants and staff.

Clin Pharmacol Ther. Author manuscript; available in PMC 2014 January 21.
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The NMR was measured at baseline using liquid chromatography-mass spectrometry.1? In
participants who were abstinent from smoking at 1 week, plasma nicotine levels were
assessed by gas chromatography.

DNA samples were genotyped for the following functionally impaired variant CYP2A6
alleles prominent in Caucasians: CYP2A6 *2, *9, and *12,56:15 as well as CYP2A6* 4, using
the assay® that detects the *4A/C, and D—F variants, suitably modified to use the reverse
primer RO in the first amplification® and R6 (previously described as “2A6reverse”)20 in
the second amplification. CYP2A6* 9 contains a change in the TATA box that reduces
transcription, *12 and *4 are hybrid CYP2A7/CYP2AG alleles, and *2 contains a single
amino acid change.

Follow-up telephone surveys were conducted at 8 weeks and at 6, 7, and 12 months after the
target quit date. Of the total study group, 411 (87.3%) participants completed the 6-month
survey, 397 (84.3%) completed the 7-month survey, and 387 (82.2%) completed the 12-
month survey. As compared to 6-month noncompleters, survey completers tended to be
older (P = 0.013), smoked fewer cigarettes per day at baseline (P = 0.018), had higher
Fagerstrom test scores (P = 0.001), and were more likely to be in the standard-therapy group
(P =0.005).

The primary outcome was 7-day point prevalence of abstinence.?! Self-reported smoking
status was assessed during the follow-up surveys using a validated timeline follow-back
assessment.22 Participants who reported on the survey that they had not smoked (even a
puff) were asked to come to the clinic to provide a CO breath sample for biochemical
verification. Consistent with guidelines,23 participants who failed to respond to the survey,
or who failed to provide a CO sample (n=57, 48, and 42 at 6, 7, and 12 months,
respectively), or who provided a CO sample >10 p.p.m. (n=15, 9, and 11 at 6, 7, and 12
months, respectively) were considered to be smokers at that time point.

Differences in demographic characteristics by treatment arm, CYP2A6 genotype, and NMR
group were assessed using x2-tests, one-way analysis of variance, or t-tests. We fitted
longitudinal logistic regression models of abstinence, using generalized estimating equations
with an unstructured correlation, incorporating time points (8 weeks, 6 months, 7 months,
and 12 months), treatment condition, group (e.g., RM-P vs. NM-P), and the group-by-
treatment interaction at each time point. The models were controlled for sex, age, and
Fagerstrom test score. Design codes were used to estimate adjusted odds ratios for treatment
that were specific to time point and metabolism group, and treatment effects were tested
using z-scores. Interactions were tested by comparing treatment odds ratios post hoc
between metabolism groups, using the Wald y2-test with one degree of freedom (z-test).
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Figure 1.

The impact of reduced nicotine metabolism on the efficacy of extended vs. standard duration
transdermal nicotine therapy. (a) Differences between CYP2A6 genotype groups as regards
response to extended vs. standard therapy (RM-G = reduced metabolism genotype; NM-G =
normal metabolism genotype). (b) Differences between baseline nicotine metabolite ratio
(3HC/cotinine) phenotype groups with respect to response to extended vs. standard therapy
(RM-P = reduced metabolism phenotype; NM-P = normal metabolism phenotype). 3HC, 3’-

hydroxycotinine.
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3276 Telephone assessment of eligibility

2,653 Excluded

1,977 Did not meet inclusion criteria*
620 Declined in-person eligibility screen
56 Did not attend in-person eligibility screen

623 Attended in-person eligibility screen

48 Excluded
3Time

3 Addiction
3 Asthma medication

1 Cancer
9 Contraindicated medication

7 Psychiatric medications

575 Randomized 3 Heart diseases

16 High-blood pressure
1 Steroids

1 Zyban/wellbutrin

1 Drug/alcohol treatment

287 Allocated to short-term therapy

288 Allocated to extended therapy

64 Lost to follow-up to week 24**
23 Refused/missed CO visit
41 Unreachable

52 Lost to Follow-up to Week 24**
33 Refused/missed CO visit
19 Unreachable

61 Lost to follow-up to week 28**
21 Refused/missed CO visit
40 Unreachable

61 Lost to follow-up to week 28**
27 Refused/missed CO visit
34 Unreachable

65 Lost to follow-up to week 52**
17 Refused/missed CO visit
48 Unreachable

61 Lost to follow-up to week 52**
25 Refused/missed CO visit
36 Unreachable

243 Analyzed
1 became ineligible following
randomization and before treatment
38 non-Caucasian
5 missing CYP2A6 or NMR

228 Analyzed
6 became ineligible following
randomization and before treatment
50 non-Caucasian
4 missing CYP2A6 or NMR

Figure 2.

Flowchart of study participation. CO, carbon monoxide; NMR, nicotine metabolite ratio.
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