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Abstract

Primary Aim—Examine the effectiveness of transdermal selegiline for producing cigarette
smoking abstinence

Design—Randomized double blind placebo controlled trial. Eight weeks of treatment, follow-ups
conducted at 25 and 52 weeks

Setting—Community smoking cessation clinic
Participants—243 adult smokers (=18 years of age; = 10 cigarettes/day)

Intervention—Selegiline transdermal system (STS) or placebo given for 8 weeks. All
participants received CBT

Primary Outcome Measurement—Expired-air carbon monoxide confirmed 7-day point
prevalence abstinence

Results—STS was not superior to placebo. More women than men were abstinent at 52 week
follow-up (28% vs 16%, p<.05). Behavioral activation (BAS) moderated treatment response (p=.
01). The survival rate through week 52 for those with high “drive” scores on the BAS was 47% if
assigned to selegiline and 34% if assigned to placebo. The survival rate for those with low “drive
scores” on the BAS was 35% if assigned to selegiline compared to 53% if assigned to placebo.

Conclusion—The provision of CBT to all participants may have masked potential short-term
effects of selegiline. The superior response of women is additional evidence that the alleged
gender difference in response to smoking cessation treatment is more apparent than real. Because
we did not stratify randomization on BAS score, the result will require replication in future
research that employs a larger sample size and appropriate randomization methodology.
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Cigarette smoking cessation is typically accompanied by urges and cravings that can weaken
a smoker’s resolve to maintain abstinence [1-3]. The development of cravings and other
withdrawal symptoms is common to a variety of drugs of abuse, including nicotine, and may
result from neuroadaptations that occur in response to chronic drug use [4,5]. Koob and co-
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workers have elaborated a model of the development of withdrawal symptoms built upon a
conceptual framework provided by opponent process theory [6,7]. In Koob’s model,
withdrawal phenomena are triggered by the depletion of dopamine, serotonin and other
neurotransmitter systems that occur under conditions of drug deprivation. The emergence of
withdrawal phenomena reflects the operation of a homeostatic opponent process in which
initial drug effects (“A processes”) are countered by homeostatic mechanisms (“B
processes”) that attempt to restore system parameters [5,8]. Under conditions of drug
deprivation, “B processes”, which are long lasting in comparison to “A processes”, are
unopposed leading to neurotransmitter depletion and the emergence of craving, negative
affect and various other subjective abstinence effects. In accord with this model, there is
evidence that nicotine increases central DA [9-11] and that central DA depletion is
associated with nicotine deprivation [12].

Selegiline is a selective inhibitor of MAO B and is used clinically in combination with
levodopa to treat late-stage Parkinsonism and, in transdermal form (EMSAM)), to treat
depression. Selegiline permits the stabilization of DA levels in the brain by preventing the
rapid degradation of DA via MAO B. It is used as an adjunct to levodopa therapy causing a
dose-sparing effect and enhancing DA transmission [13]. Because tobacco smoke inhibits
CNS MAO B [14], we reasoned that treatment with selegiline might produce better smoking
cessation outcomes by more effectively preventing or alleviating craving and depression
symptoms through its inhibiting effects on MAO B and resulting potentiation of central DA.

Although no previous smoking cessation trials have been conducted with the selegiline
transdermal system (“STS”), the oral form of the medication has been examined in two
short-term studies and one randomized clinical trial. Houtsmiller and colleagues [15]
reported that selegiline reduced craving and cigarette consumption relative to placebo in a
two-week study of 15 smokers given selegiline and placebo in counter-balanced order.
George and colleagues [16] randomized 40 smokers to an 8-week course of selegiline or
placebo. At the end of treatment, 7-day point prevalence abstinence rates were 45% for
selegiline and 15% for placebo (p<.05). Finally, Biberman and colleagues [17] randomized
109 smokers to 26 weeks of selegiline or placebo. In addition, all received nicotine patch for
8 weeks. At 52 week follow-up, continuous abstinence rates were 25% for selegiline and
11% for placebo (p<.08).

An analysis of moderators of treatment response was also included in this trial. A
“moderator” of treatment is a pre-randomization factor (hence uncorrelated with treatment in
a randomized clinical trial (RCT) that has an interactive effect with treatment on outcome
[18]. Subgroups of the population sampled in an RCT, identified by strata of a moderator
variable, may have different treatment effect sizes. Moderators may help clinicians to
develop better treatment targeting algorithms, can be used by researchers to identify
appropriate study inclusion/exclusion criteria and serve as factors on which a study may be
stratified to amplify power.

Study Design

The study was an 8-week double blind, randomized, placebo-controlled trial of the selegiline
transdermal system (STS) with follow-up assessments conducted at 25 and 52 weeks.
Treatment assignments were generated prior to study entry. Between May 2, 2006 and July
30, 2008 we recruited and randomized 243 cigarette smokers 18-65 years of age and
smoking =10 cigarettes per day. The Stanford University Panel for the Protection of Human
Subjects in Medical Research approved the study protocol. A data safety and monitoring
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board provided additional safety monitoring. The trial was registered with clinicaltrials.gov
(NCT00218647).

Randomization was conducted using a permuted block method (block size =2) to obtain
balance between groups, separately for each gender. When a participant was assigned to the
next available ID number within the corresponding gender, they received the associated
treatment assignment. This associated treatment assignment was achieved by using the
random number generator function RANUNI available in SAS 9.2. The drug (active or
placebo) associated with each ID was pre-packaged and labeled by ID only at an off site
location by an individual who had no association with the participants. Treatment
assignment was concealed from staff and both research staff and participants were blind
through week 52.

Primary hypothesis—Treatment with STS would produce higher expired-air carbon
monoxide (CO)-confirmed 7-day point prevalence abstinence rates at 25 and 52-week
follow-ups. With 120 participants per treatment group, the trial had, in general, 85% power
at a two-tailed alpha of .05 to detect a difference in abstinence rates of at least 20% over a
range of success probabilities [19]. All analyses are based on intention-to-treat principles.

Study population

Screening

Treatments

Participants were recruited through advertisements on the radio, in local newspapers, on a
community website, and by notices distributed through various local organizations. Eligible
smokers were scheduled for an initial clinic visit which included signing consent forms,
responding to a structured clinical interview designed to detect current and past depression,
venipuncture for liver and kidney function tests, and receiving instructions to complete a
physical examination at one of two local medical clinics.

Individuals were excluded for pregnancy, lactation, intent to become pregnant within 6
months, bipolar disorder, schizophrenia, current liver or kidney disease, uncontrolled
diabetes, Parkinson’s disease, Alzheimer’s disease, unstable thyroid disorder, active
treatment for or reporting current depression or substance abuse, history of heart problems in
the previous 6 months, uncontrolled hypertension, orthostatic hypotension, current use of
medications intended to assist in smoking cessation, or use of medications contraindicated
for use with selegiline. All participants were required to complete a medical history and
physical examination. Participation was contingent on physician approval after review of the
history, physical examination, and blood test results.

Selegiline transdermal system (STS)—The STS is a monoamine oxidase inhibitor
(MAOI) developed as a transdermal treatment for depression. The recommended starting
dose and target dose for the STS is 6mg/24hrs. The STS has been shown to be effective for
treating depression in a dose range of 6mg/24hrs to 12mg/24hrs. However, the trials were
not designed to assess if higher doses are more effective than the lowest effective dose of
6mg/24hrs.

The most common side effect associated with the use of the STS is reddening of the skin at
the site of patch application. As a class, MAOI medicines have been associated with
hypertensive crises caused by the ingestion of foods containing high amounts of tyramine.
Data from safety studies conducted with STS 6mg/24hrs indicate that a modified diet is not
required at this dose. Due to the more limited data available for STS 9mg/24hrs and 12mg/
24hrs, patients receiving these doses are instructed to avoid ingestion of foods rich in
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tyramine. Given these restrictions and the lack of data suggesting increased efficacy at
higher doses, STS 6mg/24hrs was chosen for this study.

Half of the participants received an 8-week supply of STS and half received placebo,
identical in appearance. Participants were instructed to begin using the patch on their
designated quit day, and to continue to use the patch for the full eight weeks. Each patch was
worn for a full 24 hours, unless a participant experienced severe and persistent insomnia, in
which case they were instructed to remove the patch at night.

CBT treatment—At each clinic session, trained staff met with participants individually to
develop cognitive and behavioral skills to resist urges to smoke. Staff used self-efficacy
questionnaires to assess participants’ confidence in their abilities to resist urges to smoke in
specific situations and completed behavioral worksheets to help articulate treatment plans to
be used in managing their behavior in specific situations without smoking.

Primary study end point—Expired-air carbon monoxide (CO)-confirmed 7-day point
prevalence abstinence evaluated at both 25 and 52 weeks. This end point measure is defined
as a report of non-smoking for seven consecutive days prior to contact plus a CO level
below 10 PPM. CO was measured at all clinic visits with the Bedfont EC50 Smokerlyzer
(www.Bedfont.com).

Secondary outcome measure—Time-to-relapse was defined as at least seven
consecutive adays of smoking [20] and was used to explore moderators of treatment
response. The relapse date was treated as the first day on which smoking occurred for seven
consecutive days.

Potential moderators of treatment response—Gender was used to stratify
randomization in this trial and examined as a hypothesized moderator of treatment response.
Some post-hoc analyses indicate that cessation therapy may work better for men [21-24]
although the effect, if present, would appear to be small [25]. However, men and women
may respond differently to different types of cessation interventions [26].

The five-question modified Fagerstrdm Tolerance Questionnaire (mF~7¢Q), an instrument
designed to assess tobacco dependence, was administered at baseline [27,28].

Past and current major depressive disorder (MDD) were assessed with the mood disorders
portion of the Structured Clinical Interview for the Diagnostic and Statistical Manual of
Mental Disorders (SCID), fourth edition (DSM-1V) [29]. Those with current depression
were excluded from participation, encouraged to seek treatment and, as needed, given help
in obtaining treatment.

Craving was measured at baseline and at all clinic and phone appointments. Craving was
measured with the following two questions: “Have you felt cravings for a cigarette?” and
“Have you felt strong urges to smoke?” Participants rated how upsetting cravings and urges
had been in the past 24 hours (0=None; 6 = Extremely Upsetting). A craving score was
obtained by averaging the two items. [1].

Depression symptoms were measured at all clinic visits during treatment with the 20-item
Center for Epidemiological Studies depression instrument (CES-D) [30]. Gray argued that
two separable neural systems regulate human motivation [31]. Aversive motivation is
regulated by a behavioral inhibition system (BIS) and appetitive motivation is regulated by a
behavioral activation system (BAS). Because drugs of abuse are hypothesized to produce
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their effects by acting upon human motivational systems we elected to measure BIS and
BAS at baseline with the scales developed by Carver and White [32]. The scales have good
discriminant and convergent validity [32].

Height was measured on a wall-mounted stadiometer. Weight was recorded on a Scale-
Tronix 5600 electronic scale (www.scale-tronix.com/).

Safety Measures—Occurrence, duration, and severity of adverse events were assessed at
all clinic visits.

Heart rate and blood pressure were measured with an automated blood pressure device
(DINAMAP Procare 120, www.gehealthcare.com). At baseline, participants with blood
pressure exceeding 160 (systolic) or 100 (diastolic) were asked to see their physicians for
treatment before they could enter the trial.

Medication compliance—During clinic visits, participants were asked if they “applied
[their] patch this morning”, and if they had “applied [their] patch every day in the past
week”.

Treatment group guess—At the end of treatment and again at 25-week follow up,
participants guessed their treatment assignment.

Statistical Analysis—Logistic regression analysis was used to test the primary
hypothesis. Because gender was used to stratify the randomization, gender and the gender X
treatment interaction were examined along with treatment in the model [33].

Moderator effects were examined in secondary analyses. A statistically significant
interaction between treatment and a pre-randomization factor is indication of a moderator
effect [34, 35].

A total of 593 smokers were screened to yield the analysis sample of 243 (169 men and 74
women). The ethnic distribution of the sample was: White: 77%; Hispanic: 9%; Asian: 4%;
Black: 1%; multiple ethnicity: 16%; other: 1%.

Of those not randomized, 168 were not eligible, 180 declined to participate after screening
and 2 did not participate for other reasons. Smokers failed the eligibility screen for the
following principal reasons: too few cigarettes (34); taking exclusionary medication (61);
skin problems (10); residence outside target sample geographic area (9); failed depression
screen (20); current alcohol/drug abuse (15); age >65 (1); exclusionary medical conditions
(8), pregnant, breastfeeding or no use of birth control (2); not approved by study MD (3);
other medical problems (4); another household member already a participant (1).

Comparability of treatment groups

As is evident from Table 1, differences between treatment groups on various baseline
measures were not statistically significant.

Reclassification

Of self-reported non-smokers, 92%, 71%, and 75% percent provided biochemical
confirmation of abstinence at 8, 25 and 52 weeks. Those reporting abstinence but failing to
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provide breath samples for CO verification were reclassified as smokers unless an individual
was no longer living in the area (two participants at week 8; three at week 25 and four at
week 52).

Test of primary hypothesis

Separate models were fitted for each follow-up point (8, 25 and 52 weeks). Abstinence rates
are presented in Table 2. At 8 and 25 weeks, main effects tests and the interaction did not
meet criteria for statistical significance. At week 52, there was a main effect for gender (XZ
(1)=4.2, p<.05, OR = .50, 95% CI: .26 — .97) with women achieving a higher confirmed
abstinence rate than men (28% vs 16%).

Did STS Reduce Craving?

There was no effect of STS on craving monitored during the course of treatment (selegiline:
mean change: —.63 (1.8); placebo mean change: —.68 (2.1).

Moderator analysis

Putative moderators explored in the analysis were gender, depression (history of MDD,
CESD score), behavioral inhibition/activation, nicotine dependence (cigarettes/day, expired-
air CO, modified Fagerstrém, immediate post-cessation craving), Body Mass Index (weight
(kg)/height(m?)) and age. For each putative moderator, a Cox proportional hazard model
was formed with treatment, the putative moderator and the treatment X putative moderator
interaction as independent factors and time-to-relapse through week 52 as the dependent
variable. The “drive” subscale of the BAS was a moderator of treatment response
[x2(1)=7.5, p=.01; OR = .82, 95% CI=.71, .94]. The survival rate through week 52 for those
with high “drive” scores on the BAS was 47% if assigned to STS (n= 72) and 34% if
assigned to placebo (n=72). The survival rate for those with low “drive scores” on the BAS
was 35% if assigned to STS (n=49) compared to 53% if assigned to placebo (n=50).

Medication compliance

Medication compliance was assessed on 8 occasions during treatment; 15% of participants
responded “Yes” on all 8 occasions when asked if they were currently wearing their patch;
45% of participants answered “Yes” at all visits attended” 19% responded “No” on all
occasions. There were no treatment or gender differences in compliance rates; participants
with high compliance in both treatment groups were more likely to be abstinent (40%) at
end of treatment.

Treatment session attendance

The average number of treatment sessions attended was 5 (out of 9) (sd=3.5) with no
treatment or gender differences.

Safety and tolerability

Mean (sd) blood pressure and heart rate at baseline were: S7S. systolic: 124.3 (14.7),
diastolic: 73.4 (10.6), HR: 77.9 (11.1); placebo: systolic: 124.2 (13.6), diastolic: 72.9 (8.3),
HR: 78.4 (10.9); Mean (sd) blood pressure and heart rate at the end of treatment were: S7S.
systolic: 122.39 (13.59), diastolic: 72.22 (8.66), HR: 71.16 (11.17); placebo: systolic: 123.05
(12.65), diastolic: 74.06 (9.17), HR: 71.78 (10.36).

Adverse events reported by five percent or more of the participants during treatment are
listed in Table 3.
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Adverse event rates were similar in both STS and placebo groups. However, 19 participants
(16%) discontinued STS and 9 participants (7%) discontinued placebo because of adverse
events experienced during treatment (X2 (1) = 4.3, p<.05; OR = 2.6, 95% CI=1.05, 6.20).
Two participants died during the course of the trial. Causes of death were pulmonary
emphysema and metastatic lung cancer. Neither death was considered related to trial
participation.

Treatment guess

At end of treatment, 50% of those receiving STS correctly guessed their treatment
assignment and 47% of those assigned to placebo correctly guessed their assignment. The
corresponding percent correct guess at week 25 was 38% and 40%.

At end of treatment, treatment staff correctly guessed 53% of those randomized to STS and
48% of those randomized to placebo.

Discussion

Transdermal selegiline was not superior to placebo in promoting smoking abstinence. We
hypothesized that STS would increase abstinence rates by preventing or alleviating the post-
cessation cravings that can induce relapse [1]. However, STS was no more effective than
placebo in reducing craving. Our prediction was based on the results of pilot studies
conducted with the oral form of selegiline and our own pilot work with STS [15-17].
Indeed, the STS appeared to offer several important advantages over the oral form for the
treatment of nicotine dependence. The transdermal system bypasses first pass effects. This
in turn allows a once-daily dosing regimen, higher and sustained levels of the parent drug at
sites of action and reduced toxicity through reduction of active metabolites (amphetamine
and methamphetamine) [13].

Although compliance data from smoking cessation trials are seldom reported, in general,
compliance to medication and behavioral treatment regimens is poor [36,37]. In this study,
almost 20% of participants never reported wearing a patch when queried. On the other hand,
almost half reported wearing a patch at all scheduled clinic visits that were completed. There
was no difference in adherence between active and placebo conditions. Ultimately, the fact
that higher compliance produced similar confirmed abstinence rates in both groups (i.e. 40%
abstinence at end of treatment) argues against poor compliance as an explanation for the null
result.

This was a single dose study and the limitations of single dose examinations are well known.
A better result might have been achieved at higher doses. However, at higher doses, there is
evidence that selectivity for brain MAO-B is lost leading to the need for strict dietary
restrictions. Thus, the costs and benefits would have to be weighed carefully before
examining outcomes associated with higher dosing.

CBT may have masked a short-term effect of pharmacotherapy. We think this “masking
effect” is a plausible account for two reasons. First, almost 30% of smokers assigned to
placebo were abstinent at end of treatment. By comparison, in meta-analyses comparing
nicotine patch and placebo response, on average, 27% of those assigned to active medication
and only 13% assigned to placebo were abstinent at end of treatment [38]. Second, we have
conducted two trials comparing the effects of bupropion and CBT in promoting longer-term
smoking abstinence. In the most recent trial, CBT was more effective than supportive
therapy (42% vs 29%) [39]. In the first trial, bupropion was no more effective than placebo
although at 6 months the overall abstinence rate of 40% represented a higher-than-average
treatment response [40]. Significantly, in addition to bupropion or placebo, all participants
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received CBT. The provision of CBT during treatment may have been a key factor
contributing to the comparatively high abstinence rates achieved in the earlier studies.

Although the primary hypothesis was not supported, two findings merit attention. First,
women did better than men. At 52-week follow-up, 28% of women but only 16% of men
were abstinent. The gender difference in baseline cigarette consumption levels does not
account for this result and, indeed, as indexed by the mFTQ, men and women in this trial
were equally dependent on nicotine.

A number of analyses have compared the performance of men and women. Some reported
no differences in abstinence rates [41-43] while others reported results favoring men [21-
24]. A problem with most, if not all, of these analyses is that they have been post-hoc in
nature. Yet it is well known that post-hoc subgroup analyses of clinical trial results can be
very misleading [44,45]. Thus, post-hoc comparisons of smoking cessation trial results in
men and women should be interpreted with caution. If researchers wish to examine the
hypothesized gender effect in smoking cessation in a methodologically sound manner, they
must power studies accordingly and stratify randomization on gender.

Second, BAS score moderated treatment response. Smokers with high BAS reactivity on the
drive scale were more likely to avoid relapse through week 52 if given STS whereas low
scorers performed best if given a placebo. This result is consistent with some hypotheses
about the nature of neural regulation of appetitive motivation. Gray proposed that a hard-
wired behavioral approach or activation system (BAS) responds to stimuli associated with
reward and that the biological basis of this system is at least partly dopaminergic [46]. He
speculated that variation in individual BAS reactivity could stem from variation in number/
functioning of central DA receptors and/or more intense DA cell firing in response to
primary or secondary positive reinforcers.

Several researchers have proposed that individuals with highly reactive BAS systems are
more prone to seek out and experience more positive effects in situations associated with
rewarding stimuli because they are particularly sensitive to DA neurotransmission that
occurs in response to cues signaling reward or to the reward itself [32,47]. Following from
this line of reasoning, STS may have helped smokers with high BAS scores by facilitating
dopaminergic transmission in the absence of smoking.

This result is interesting inasmuch as there are very few firmly established moderators of
smoking cessation treatment response. However, because we did not stratify randomization
on BAS score, this result will require replication in future research that employs a larger
sample size and appropriate randomization methodology.
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Assessed for eligibility n=593

Excluded (n =350)
Not meeting inclusion criteria (n=168)
Refused (n = 180)
Other reasons (n = 2)

Randomized (n=243)

Active (n=121)
Did not receive allocated intervention(n =22)

Placebo (n = 122)
Did not receive allocated intervention(n =23)

107 (88%) assessed in week 25

102 (84%) assessed in week 25

96(79%) assessed in week 52

96(79%) assessed in week 52

Analyzed (n = 121)
Excluded from analysis (n = 0)

Figure 1.
Flow Chart Showing Attrition of Smokers Over 52 Weeks

Analyzed (n = 122)
Excluded from analysis (n = 0)
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Figure2.
Survival Curve for BAS Drive by Treatment Group

Ad(diction. Author manuscript; available in PMC 2013 August 21.

Page 12



Page 13

Killen et al.

NIH-PA Author Manuscript

L€ 8 L€ 8 az|s a|dures

16 €Y %E VT %W'2e %67 %LTZ (%) Aiourn
v 88 %b'ZE %L by %8'LE %6°9€ (%) parirey
T LS %6'8T %28 %80T %S'6 (%) aan Jo AioisiH
0 80" G€9 698 6€G 0C6C vSY S0GC  v9S 01’8 INg
€2 18 /8T vIYT 9Tz v6El  v0CT ZEYT 26T  G8El (s1eak) uoneanp3
€0 S8 OTO0T 0€Syr vSOT 9Orvr 6E0T 6F.y 8801 €LTY (sseak) aby
0 80 GE€9 S98 6€S 0C6C ¥SY S0/C  v9S 018 (zw/Bx) 1Ng
18 T 66T 9L0T §¢ 9STT 997 80T L0E EVTI und svg
09 60° 83C YSOT E€rc 8L0T 06C G9TT 96C 6601 3AIQ SYE
90" ¥ 28T 99T 897 0Z9T 0zZ 9TLT T0€  vTOT premay Sv'g
67 66 ¢8€ 6GLT S§€  vOLT  TEY  €LT  vOY  TTLT sig
9g° €8 €L 9/9 9L 198 699 LTL €TS8  ISL (09-0) @-s30
99° ¢z 89C 9LGT 88¢ 8SST 68C 68YT TITE EYST (Gz—5) wonsiabeyu
100 02 €T9 g6l 208 G502 6LG 9.9T 89 150  Aep/paxows sepaiedlD
d d @ weN G UBWN a  UWN  dS  Wwen a|qel e

BpwO X1 afeuR ae N afeuR o N
ocgae|d aul|ibeps
sansLisioeRy) uedidlied
T3alqelL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Ad(diction. Author manuscript; available in PMC 2013 August 21.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Killen et al.

Table 2

Expired-Air CO confirmed 7-day point prevalence Abstinence Rates

N Abstinent

% Abstinent

End of Treatment

Selegiline 32
Placebo 36
25 week Follow-up
Selegiline 21
Placebo 23
52 week Follow-up
Selegiline 24
Placebo 25

26.4%
29.5%

17.4%
18.8%

19.8%
20.5%

Ad(diction. Author manuscript; available in PMC 2013 August 21.

Page 14



duosnuely Joyiny vd-HIN duosnuely Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Killen et al.

Table 3

Adverse Events Reported By At Least 5% of Participants During Treatment

AdverseEvent | Selegiline | Placebo
Insomnia 47.1% 42.6%
Headache 33.9% 35.2%
Skin rash 24.8% 20.5%
Racing thoughts 20.7% 23.0%
Lightheaded 16.5% 16.4%
Vivid Dreams 10.7% 9.8%
Other 42% 35%

No effects of treatment: all p-values > .05
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