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Abstract

Cigarette smoking is prevalent in cocaine/methamphetamine-dependent patients and associated
with significant morbidity and mortality, yet, the provision of smoking cessation treatment in
conjunction with substance use disorder (SUD) treatment is not standard practice. This is due, in
part, to clinician concern that combining smoking cessation treatment with SUD treatment could
lead to poorer SUD outcomes. The NIDA Clinical Trials Network is conducting a 10-week, two-
group, randomized trial to evaluate the impact of providing smoking cessation treatment (SCT)
with SUD treatment as usual (TAU), compared to TAU alone, in smokers who are in outpatient
treatment for cocaine or methamphetamine dependence. Approximately 528 participants, recruited
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from 12 community treatment programs, will be randomized into the trial. The present paper
describes key design decisions made during protocol development. The trial is designed to
evaluate the relationship between cigarette smoking and stimulant use, which prior research
suggests is linked, and should contribute to our understanding of how best to address the co-
occurring problems of nicotine dependence and cocaine/ methamphetamine-dependence. Unique
aspects of the trial include the primary question of interest, which concerns the impact of
providing SCT on SUD outcomes rather than on smoking outcomes, and the intensity of the SCT
chosen, which includes bupropion, nicotine replacement, and two psychosocial interventions.

Keywords
cocaine; methamphetamine; smoking cessation; bupropion; contingency management

1. Introduction

Each year, cigarette smoking accounts for an estimated 443,000 deaths and $96.8 billion in
productivity losses in the United States [1]. The prevalence of smoking in illicit drug abusers
is 49 — 98%, a rate substantially higher than the 19.8% smoking prevalence in the general
population [2]. A link between cigarette smoking and non-nicotine stimulant abuse has been
established in both clinical and laboratory studies. The results from clinical studies suggest
that the rate of smoking in cocaine abusers is 75-80% [3,4,5] and that smoking cigarettes is
associated with more severe addiction, including more frequent cocaine use, a greater
likelihood of injecting or smoking cocaine, and more severe employment and legal
difficulties [6]. An outpatient study in methamphetamine-dependent individuals reported
that 65% of the participants were current cigarette smokers [7]. Human laboratory studies
have found that cocaine administration increases the rate of cigarette smoking [8,9] and that
mecamylamine, a nicotine antagonist, reduces cue-induced cocaine craving [10]. Despite the
pervasiveness of smoking in stimulant abusers and the deadly consequences of smoking in
addicted individuals [11], smoking-cessation treatment is typically not provided in
community substance use disorder (SUD) treatment programs. Failure to provide smoking-
cessation treatment concurrently with SUD treatment stems in part from concern that
smoking cessation might impact negatively on non-nicotine substance use outcomes [12].
Prochaska et al. [13] completed a meta-analysis of nine studies in which the impact of
smoking-cessation treatment on non-nicotine drug/alcohol abstinence was assessed; the
findings suggested that smoking-cessation treatment might actually improve substance use
outcomes. However, it is important to note that the nine studies analyzed included mainly
alcohol-dependent, and, to a lesser extent, methadone-maintained participants, and did not
include outpatient cocaine/methamphetamine abusers. A trial evaluating the impact of
smoking-cessation treatment during outpatient SUD treatment to stimulant-dependent
individuals has not been conducted. To address this gap, the National Institute on Drug
Abuse (NIDA) Clinical Trials Network (CTN) has developed the trial: “Smoking-Cessation
and stimulant treatment (S-CAST): Evaluation of the impact of concurrent outpatient
smoking-cessation and stimulant treatment on stimulant-dependence outcome.” S-CAST is
somewhat unique in that it is being conducted at community treatment programs as opposed
to traditional research settings and its primary focus is on the impact of smoking cessation
treatment on stimulant-dependence outcomes as opposed to the effectiveness of the smoking
cessation treatment on smoking abstinence. The present paper describes the key design
considerations associated with this unique trial.
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2. Research design and study organization

2.1 Research questions

The primary research question addressed by the S-CAST study is whether adding smoking
cessation treatment (SCT) including bupropion, nicotine replacement, and two psychosocial
interventions to substance abuse treatment as usual (TAU) improves, worsens, or has no
effect on stimulant-use outcomes. The target population is smokers enrolled in outpatient
treatment for cocaine or methamphetamine dependence. Secondary research questions
addressed include: 1. whether TAU+SCT, relative to TAU, impacts non-stimulant drug-
abuse outcomes; 2. whether TAU+SCT, relative to TAU, improves smoking cessation
outcomes; and 3. whether there is an association between smoking cessation and stimulant
use outcomes.

2.2 Research design

S-CSAT is a 10-week, intent-to-treat, 2-group randomized controlled trial with follow-up
visits at 3 and 6 months post-smoking quit date. Eligible participants are randomized to the
TAU+SCT or TAU arms. Participants who are randomized to the TAU+SCT arm have a
target quit smoking day at the end of study week 3. The 10-week treatment phase is
considered optimal in that it provides the length of dosing required for bupropion treatment
to have an effect [14] and provides the time-frame required to complete the assessments
needed to answer the research questions while conserving resources that would be required
for a longer treatment phase. The follow-up visits were included since follow-ups are
standard in smoking cessation research, with the effectiveness of smoking cessation
treatment largely judged on long-term abstinence rates. The study schema is provided in
Figure 1.

The S-CAST protocol development team considered three possible research designs:
1. TAU +SCT versus TAU + attention/placebo control versus TAU;
2. TAU + SCT versus TAU + attention/placebo control
3. TAU+SCT versus TAU

The first and second designs include a condition that controls for attention and placebo
effects of the active SCT intervention. Although elegant, these designs were eliminated due
to lack of resources required to complete a three-arm trial (design 1) and the complexity of
the control intervention that would be needed to match the active SCT intervention (designs
1 and 2). The third design (TAU versus TAU+SCT) was ultimately selected since this
design uniquely addresses the primary research question being asked about the impact that
adding smoking cessation treatment to TAU has on stimulant use outcomes.

Failing to include attention and placebo controls for the SCT intervention does, of course,
leave open the possibility that any differential treatment effect is the result of the additional
attention or other non-treatment-specific factors. However, the development team noted that
the intensity of SCT, designed to promote maximal impact on smoking cessation, might not
necessarily have a positive impact on stimulant use outcomes. For example, asking
stimulant-dependent patients to address smoking concurrently with stimulant dependence
might be overwhelming to the degree that patients drop out of treatment, which may be
associated with worse outcomes. In addition, a distinction must be made between the impact
of smoking cessation treatment intervention and smoking cessation per se. If all individuals
exposed to treatment had better outcomes irrespective of their smoking status, then we might
conclude that the treatment itself was an active factor and that the absence of an attention/
placebo control condition was a limitation of the study. Our hypothesis, however, is that the
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positive impact of TAU+SCT on stimulant use outcomes will occur due to reduced stimulant
priming from exposure to nicotine and related cues. In this case, a positive effect on
stimulant use outcomes would be found only in the TAU+SCT participants who achieve
smoking abstinence. In this case, the absence of an attention/placebo control would be
irrelevant.

2.3 Study setting

The S-CAST study is being conducted by NIDA's CTN. The CTN was established in 1999
in response to an Institute of Medicine report [15] delineating the relative lack of
information exchange between substance abuse researchers and substance abuse community
treatment providers. In the CTN, substance abuse researchers work with treatment providers
to design clinically meaningful trials and to implement them in “real world” settings
utilizing existing staff as interventionists and clinic patients as participants. The CTN links
substance abuse researchers and treatment providers through nodes, with each node
consisting of a Regional Research and Training Center (RRTC) which is affiliated with at
least one university, and multiple Community Treatment Programs (CTPs) that work with
the RRTC.

2.4 Site selection process

To be eligible for study participation, a CTP needed to treat a sufficient number of
stimulant-dependent individuals to randomize 44 within an 18-month time-frame, and to
have medical staffing with enough time available to safely and effectively conduct a
medication trial. In addition, since the design of the S-CAST trial requires a treatment as
usual group in which smoking-cessation treatment is not provided, sites that provided
smoking-cessation treatment in outpatient programming were not eligible for participation.
This latter criterion ruled out one site in Seattle, Washington as well as several sites in New
York State, where the provision of smoking cessation treatment in SUD treatment is
mandated. Other criteria upon which sites were evaluated included performance in prior
trials and diversity of the potential study sample. Site selection was completed using the
following process: 1) A call for site nominations was sent to all RRTC Pls, 2) Twenty-six
sites completed a survey describing their program and the patients that apply for treatment,
3) the S-CAST Executive Committee reviewed the surveys and selected 16 sites for
teleconference interviews, and 4) Final site selections were made by the Executive
Committee. Based on the information obtained during the interviews, four sites were not
eligible for study participation either by failing to meet site inclusion criteria or other factors
significantly impacting feasibility of implementation. The selection process resulted in 12
regionally diverse sites being selected for participation: Adapt (Roseburg, OR), Addiction
Medicine Services (Pittsburgh, PA), Behavioral Health Services of Pickens County
(Pickens, SC), Dorchester Alcohol and Drug Commission (Summerville, SC), Gateway
Community Services (Jacksonville, FL), Gibson Recovery Center (Cape Girardeau, MO),
La Frontera Center (Tucson, AZ), Lexington Richland Alcohol and Drug Abuse Council
(Columbia, SC), Maryhaven (Columbus, OH), Matrix Institute on Addictions (Rancho
Cucamonga, CA), Nexus Recovery Center (Dallas, TX), and Tarzana Treatment Centers
(Tarzana, CA).

2.5 Study population

The study population includes adults (=18) who smoke at least 7 cigarettes per day, wish to
stop smoking, meet DSM-IV-TR criteria for cocaine and/or methamphetamine dependence,
are enrolled in outpatient SUD treatment, and are scheduled to attend treatment for at least
10 weeks post-randomization. In addition to meeting criteria for current methamphetamine
or cocaine dependence, it was suggested that self-report of stimulant use in the past 28 days
be required. However, this criterion was not included because prior studies have shown that
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a significant proportion of patients who apply for outpatient psychosocial counseling
treatment report no substance use in the prior 28 days. Thus, requiring self-reported
stimulant use would rule out a significant proportion of CTP patients, limiting the
generalizability of findings. Second, qualitative research suggests that some crack cocaine
dependent patients smoke cigarettes to slow the rate at which they smoke crack (i.e., they
use cigarettes between “rocks” so they do not use up their crack supply too quickly; [16]).
Requiring recent self-reported use might result in enrolling a substantial number of
participants who use cigarettes as a “break” from crack use. Of relevance to this issue is a
small, post-hoc analysis of cocaine-dependent outpatients (cigarette smokers and non-
smokers), which found that nicotine dependence was associated with worse treatment
outcomes in patients who had a cocaine-negative urine screen at admission [17]. For patients
with a cocaine-positive urine screen, nicotine dependence was not related to outcome. These
findings suggest that it might be important to address nicotine dependence in cocaine-
negative patients.

2.6 Inclusion and exclusion criteria

The eligibility criteria were developed to include a representative sample while ensuring the
safety of study participants. Most exclusion criteria reflect safety issues associated with
bupropion (e.g., conditions/medication that increase the risk of seizures, etc; criteria in Table
1).

2.7 Randomization

Consistent with the above rationale for inclusion of both currently active and currently
abstinent stimulant users, eligible participants are stratified within sites, according to
whether a stimulant-positive (amphetamines or cocaine) UDS result is obtained during
screening, and randomized 1:1 at a centralized site to TAU+SCT or TAU.

3. Study treatments

Past research suggests that smoking cessation rates in substance abusing populations are
poor [18,19] but that cessation rates can be improved by combining smoking cessation
interventions [20]. Consequently, the S-CAST protocol team, in conjunction with
recommendations from the expert review panel (Protocol Review Board) attempted to select
an optimal combination of evidence-based smoking cessation interventions, as described
below. This strategy was designed to maximize smoking quit rates thereby allowing an
assessment of smoking abstinence on stimulant use patterns.

3.1 Bupropion Extended-Release (XL)

The S-CAST trial is being conducted with cocaine/methamphetamine-dependent smokers at
sites that are relatively new to research. Consequently, the non-nicotine medication needed
to be one whose efficacy for smoking-cessation was established and which had a well-
known safety profile. Bupropion SR met both criteria. The FDA approved it for this
indication [14] and it has been studied in hundreds of clinical trials, and used in psychiatric
and general medical practice since 1996. It has also been evaluated for treating adult ADHD
[21], as well as cocaine [22,23,24] and methamphetamine dependence [25,7]. The
bioequivalence of extended-release (XL) and SR bupropion has been established, with
medication compliance greater for the XL formulation [26]. Also considered was
Varenicline, a partial agonist for the a4p2 nicotinic acetylcholine receptor, which has had
FDA approval for smoking cessation treatment since 2006. However, the lack of safety data
in stimulant-dependent populations, coupled with study sites that are relatively new to
research and have relatively limited medical services made it a less desirable candidate for
the S-CAST trial from a safety perspective. Thus, the medication condition selected for the
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TAU+SCT arm was bupropion XL. The dosage regimen is consistent with recommended
practice: 150 mg/day for study days 1-3, then 300 mg/day of bupropion XL for study days 4
through week 10. At the final week 10 visit, TAU+SCT participants are given a 3-day
bupropion XL dose taper, in which 150 mg is taken once per day.

3.2 Nicotine Inhaler

Five forms of nicotine replacement therapy (NRT; gum, patch, nasal spray, inhaler, and
lozenge) are FDA approved as smoking-cessation aids and data suggest that NRT used in
combination with bupropion might improve smoking cessation outcomes [14]. The nicotine
inhaler was of interest in that a small trial revealed a higher smoking cessation rate in the
group receiving buproprion and the nicotine inhaler relative to groups receiving either
medication alone [27]. The results from this trial coupled with the good side effect and
tolerability profile of NRT [14], led to the inclusion of the nicotine inhaler in the S-CAST
trial. It is recognized, however, that this decision was somewhat arbitrary and that other
forms of NRT may be equally useful in combination with bupropion. In S-CAST, the TAU
+SCT participants are prescribed 6-16 nicotine cartridges per day ad libitum starting with
the smoking quit date through week 10. Following week 10, participants are provided with a
decreasing number of cartridges per week during a 3-week taper.

3.3 Counseling support: Smoke Free and Living It©

The USPHS Clinical Practice Guideline recommends that both effective pharmacologic and
psychosocial approaches be used in smoking-cessation treatment [14]. A prior CTN trial
conducted with individuals in outpatient SUD treatment found that group smoking-cessation
counseling was associated with poor attendance and low recruitment [19], thus, the protocol
development team turned to a program that could be provided individually. “Smoke Free
and Living It, ©” is a brief, individualized smoking-cessation counseling program designed
to provide education, problem-solving skills, and social support that was developed by the
Mayo Clinic Nicotine Research Program. A prior CTN smoking-cessation trial that used this
program had a high level of treatment adherence by counselors and a high rate of attendance
by participants [28]. Its brevity, consisting of weekly 10-minute sessions, also appealed to
CTP providers from a sustainability standpoint. In S-CAST, “Smoke Free and Living It©”
counseling is provided weekly during study weeks 1-10 by a trained interventionist.

3.4 Contingency Management

Contingency management (CM) is an intervention in which patients receive rewards
contingent on a target behavior, such as providing drug-free urines, attending treatment, or
taking medication. When used to reinforce abstinence, it has been shown to reduce
substance use during the time it is applied [29]. In a meta-analytic evaluation of the
effectiveness of CM for tobacco use, 11 studies were included with an estimated effect size
of d= 0.31 [30]. One of these studies evaluated the effectiveness of CM for smoking
cessation in methadone-maintained participants and found that contingency management
nearly doubled the smoking abstinence rate during the active treatment phase, although this
advantage was not maintained at the 6- and 12-month follow-up visits [18]. A small study
(N=20) evaluating the efficacy of CM in reducing carbon monoxide (CO) levels to <8 ppm
in cocaine-abusing smokers in outpatient treatment found a significantly greater CO
reduction in the contingent, relative to the non-contingent, groups [31]. In the S-CAST trial,
CM, which should serve to significantly increase smoking abstinence during the active
treatment phase, is being used in conjunction with bupropion XL, nicotine inhaler, and
smoking-cessation counseling, which are effective in increasing long-term smoking
abstinence.

Contemp Clin Trials. Author manuscript; available in PMC 2013 January 1.
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The CM procedure utilized in early research typically followed the reinforcement schedule
developed by Higgins et al. [32] in which participants received vouchers for goods/services
of escalating value based on maintaining a target behavior (e.g., drug-free urines, treatment
attendance, etc.). While highly effective, this procedure has been criticized as being more
costly than most CTPs can afford, which led to the development of an intermittent
reinforcement approach in which participants earn chances to draw for prizes based on
maintaining a target behavior [33]. This prize-based approach has been effective in a
number of studies, including a CTN trial where it was found to increase treatment retention
and negative urine drug screens in stimulant abusers [34].

In S-CAST, prize-based CM is used to reinforce negative CO (i.e., CO < 4 ppm) results
during the post-quit phase. The CO cut-off of < 4 ppm is consistent with findings that the
use of 2-3 ppm produces the most accurate identification of smoking abstinence whereas
8-10 ppm, which has been traditionally used to verify abstinence, can result in smokers
being falsely classified as abstinent [35,36]. In order to encourage continuous abstinence, the
number of draws earned escalates with each consecutive week of abstinence and resets if
evidence of smoking is obtained. A unique feature of the S-CAST CM protocol, however, is
that participants who delay their quit attempt or quit and subsequently relapse do not start at
the week 4 earning level when they initiate or resume abstinence. Rather, they begin to earn
abstinence incentives at the level specified in the escalating schedule for that week. This
ability to earn larger amounts later in the program is meant to encourage late quitters or
those who initially fail to continue trying to quit throughout the active treatment phase.
Table 2 outlines the escalating draw schedule. Participants who quit immediately and
maintain continuous abstinence earn approximately $380 in prizes during the 10-week
study. This is consistent with amounts that have previously been efficacious for improving
treatment outcomes when the target was stimulant negative urines [34].

4. Assessments

4.1 Primary outcome measure

The primary outcome is whether a participant is stimulant-free during each week of the
active treatment phase as assessed by stimulant-negative urine drug screens (UDS) and self-
report of no stimulant use during weeks 1-10. This outcome was selected as primary since it
provides an objective measure of recent stimulant use. At the group level, this outcome
translates into the percentage of participants in each study arm who are stimulant-free during
each week of the active treatment phase. During the active treatment phase, participants are
scheduled to provide two urine samples per week on nonconsecutive days. To avoid
falsification, urine samples are collected using temperature monitoring and the validity of
urine samples is checked with the use of a commercially available adulterant test. In cases
where the temperature reading/adulterant test indicates a non-valid sample, an attempt is
made to obtain a second urine sample. A rapid UDS system that screens for drugs of abuse
including cocaine, methamphetamine, amphetamine, opioids, benzodiazepines, and
marijuana is used to analyze the urine samples (Branan Medical Corporation).

4.2 Secondary outcome measures

Secondary drug-abuse outcomes include days of stimulant-use and days with any substance-
use (i.e., alcohol, tobacco and/or other substance use), treatment utilization, and craving. The
Timeline Follow-back (TLFB) [37,38] is a widely employed and well validated method used
at each study visit to capture self-report drug use information for each day elapsed since the
previous study visit. Treatment utilization is defined as the percent of scheduled treatment
hours attended as obtained from clinic records. Craving is assessed on a weekly basis with
the Brief Substance Craving Scale [39].
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Smoking outcomes are a secondary focus of the study. Point-prevalence abstinence, defined
as self-report of not smoking in the previous seven days, confirmed by a carbon monoxide
(CO) level <8 ppm [40], is assessed weekly. A CO cut-off of 8-10 ppm is the standard used
by the majority of smoking cessation trials and, thus, the protocol development team chose
an 8 ppm cut-off to ensure comparability with other smoking cessation trials. In addition, a
combination of daily self-reported smoking data and weekly CO levels will be used to
determine continuous abstinence during post-quit days 15 — 42. This time frame was
selected based on the recommendation that a two-week post-quit grace period be included in
smoking-cessation studies during which time smokers can smoke without it being counted
as a treatment failure [41]. The use of a 4-week abstinence period is consistent with FDA
standards for approving smoking-cessation medications [41]. To be scored as achieving
continuous abstinence, the participant must report no smoking on any of the days during this
four-week period and deliver no positive CO samples (>8 ppm) during that period with at
least one CO assessment per week.

5. Data and Safety Monitoring

Safety measures assessed weekly include vital signs, adverse events and the Hospital
Anxiety and Depression Scale [42], a brief, validated instrument that screens for both
depression and anxiety [43]. An independent CTN Data Safety and Monitoring Board
(DSMB) examines accumulating data to assure protection of participants' safety while the
study's scientific goals are being met. The DSMB recommends to the sponsor (NIDA)
whether there is support for continuation of the trial, or evidence that study procedures
should be changed, or if the trial should be halted, for reasons relating to the safety of the
study participants, the efficacy of the treatment under study, or inadequate trial performance
(e.g., poor recruitment).

6. Sample size, power, and effect size

The probability of stimulant-free urines in the TAU group is one key assumption in
determining sample size. A review of the stimulant UDS results for cocaine-dependent
participants from three prior CTN studies produced probabilities ranging from 0.55 to 0.75,
with the lower probabilities (i.e., 0.55) requiring larger sample sizes. Based on these prior
studies, we assumed a probability of 0.6 for stimulant-free urines in the TAU group. A
second key consideration in calculating sample size is the size of the group difference to be
detected. S-CAST is powered to detect the lower limit of a clinically meaningful effect.
Specifically, S-CAST is powered to detect a group difference if the probability of stimulant-
free urines in the TAU+SCT group is at least 0.7 (vs .6 in the TAU group).

The minimum sample size required to achieve 80% power using an alpha level of 0.05 (two-
sided) and a 1:1 randomization ratio was computed based on a repeated measures study
design that takes into account that the data are binary and can be correlated across repeated
measurements [44]. We assumed a compound symmetry covariance structure to be
conservative (correlation between 2 successive time points does not change over time), as
well as a maximum correlation between any 2 time points of 0.65. The higher the assumed
correlation between time points, referred to as phi, the less information that we gain from
successive measurements, thus requiring a larger sample size. The assumption of 0.65 for S-
CAST was based on the phi calculated for the stimulant UDS results from the subgroup of
cocaine dependent participants in a prior CTN study that evaluated the impact of
concurrently providing smoking-cessation treatment with SUD treatment. The sample size
yielded from the assumptions outlined above is 528, with 264 in each treatment group. If in
fact the covariance structure is not compound symmetric and the correlation is close to the
assumed 0.65 at time points close together and decreases with distance, a smaller sample
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size would be allowed. The sample size assumptions were also assessed during a planned
interim analysis and the sample size was found to be adequate.

7. Analytic Plan

7.1 Primary Outcome Analysis

The primary hypothesis is that a significantly greater percentage of TAU+SCT, relative to
TAU, participants will be stimulant-free during the weeks of the active treatment phase. For
each participant, a stimulant-free week is defined as a week in which both urine samples test
negative for stimulants and the participant self-reports no illicit stimulant use. A stimulant-
positive week is defined as a week in which at least one urine sample tests positive for a
stimulant or during which the participant self-reports illicit stimulant use.

However, in the analysis of data from any clinical trial, strategies must be employed for
handling missing data. In this trial, data for a week in which both urine samples are missing
and the participant self-reports no illicit stimulant use will be treated as missing. For a week
in which one stimulant-free UDS is produced, the second urine sample is missing, and the
participant self-reports no illicit stimulant use or the self-report data are missing will be
treated as negative (Table 3).

Data will be analyzed using a generalized linear mixed model (GLMM) for repeated-
measures analysis [45]. Suppose Y represents the vector of observed response data, X and Z
the fixed and random effects design matrices, and o and 3 be the vectors of fixed and
random effects, respectively. Then, the GLMM model formulation assumes that

E(Y|B)=g~' (Xa+Zp).

where E(Y|p) is the expected value of Y conditional on the random effects vector, g1 is the
inverse link function, and Xa + Zf the linear predictor. The response variable Y will be
modeled using the logit link function, i.e., g(n) = log(u / (1 - p)). Fixed effects will include
treatment group and week, while random effects will include site. While several statistical
packages, such as R, have procedures for analyzing GLMM models, we will fit the model
using SAS Proc GLIMMIX as follows:

proc glimmix;

class site treatment;

model Y = treatment week treatment*week / dist=binary link=logit covb solution;
random intercept / subject=site type=cs;

The model formulation implies the same treatment effect in each site. The effect of the
intervention on change in response from baseline will be addressed by the treatment by
week interaction parameter. Due to the possibility that CTPs may differ in their success at
helping participants become/remain stimulant-free, each regression model will adjust for site
effects. Site will be included in the GLMM model as a random effect based on the
participation of 12 CTPs. Assumptions of linearity will be examined by adding a restricted
cubic spline to represent nonlinearity [46]. Assumptions for the covariance structure that
provides the best fit to the data will be analyzed using the COVTEST statement under SAS
Proc GLIMMIX. Since GLMM inference is only valid if data are missing at random (MAR),
logistic regression analyses will be conducted to identify patterns of attrition and to
determine if there is differential attrition by treatment condition. A binary indicator variable
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for missing data will be regressed on treatment assignment and other covariates. Variables
that are associated with attrition at or below the a=0.10 level of significance will be included
in subsequent analyses where the assumption of data missing at random (conditional on
covariates) is required [47].

If the random effects model unexpectedly fails to converge, then a general estimating
equation (GEE) approach will be employed treating site as a fixed effect. If this model is
utilized, then missing data (see Table 3) will be imputed using standard multiple imputation
procedures, since GEE inference is only valid if data are missing completely at random
(MCAR). SAS Proc MI will be used to create five complete data sets using multiple
imputation. Each data set subsequently be analyzed using SAS Proc GENMOD (the GEE
procedure), and the results combined using SAS Proc MIANALY ZE.

7.2 Secondary Outcome Analyses

For all repeated measures mixed model and generalized linear mixed model (GLMM)
analyses, the response variable will be modeled using the appropriate link function. The
effect of the intervention on change in response from baseline will be addressed by the
treatment by week interaction parameter. Each model will adjust for possible site differences
by including site as a random effect. The SAS procedure MIXED will be used for
continuous variables, while GLIMMIX will be used for binary data. Before modeling is
commenced, assumptions of linearity and covariance structure will be examined.

8. Current status of the trial

As of the writing of this paper, all 12 study sites were actively randomizing participants,
with data collection expected to be complete in July 2012.

9. Summary

The S-CAST study addresses an important gap in the literature by evaluating the impact of
providing smoking cessation treatment to smokers who are in outpatient treatment for
cocaine/methamphetamine dependence. Several aspects of S-CAST make it unique
including the research question, which is not focused on the effectiveness of the smoking
cessation treatment per se but, rather, seeks to address the concern of some treatment
providers that the provision of concurrent smoking-cessation treatment could result in poorer
cocaine/methamphetamine use outcomes. To this end, the S-CAST study includes two
conditions: substance abuse treatment as usual (TAU) and TAU with smoking cessation
treatment (SCT).

Another unique aspect of S-CAST is a design that focuses on providing an optimally
effective smoking-cessation intervention that could be provided safely by community
treatment programs. The protocol design team placed heavy emphasis on this aspect of the
trial given the poor smoking abstinence rates obtained in prior smoking cessation trials with
substance abusing populations [18,19]. The focus of S-CAST on providing an optimally
effective smoking intervention is clear in both the number of smoking cessation treatments
provided, which includes two medication and two psychosocial interventions, and in the
form of the individual treatment interventions. For example, smoking cessation trials
traditionally have used the SR formulation of bupropion, which is the formulation approved
by the FDA for smoking cessation. However, the SR formulation requires twice a day
dosing while the XL formulation requires once a day dosing and the bioequivalence of the
two formulations has been established. Since it has been demonstrated that compliance with
the XL formulation is significantly better than compliance with the SR formulation [26],
bupropion XL was selected for use in S-CAST. The contingency management intervention
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was also designed to maximize the likelihood of quitting and remaining abstinent from
cigarettes and is specifically designed to encourage individuals who have difficulty quitting
at the target quit date to continue trying to quit throughout the trial. This mix of smoking-
cessation interventions should help a significant proportion of the participants assigned to
the TAU+SCT arm to quit smoking. This in turn should enable an evaluation of the impact
that smoking cessation has on stimulant use outcomes. Based on laboratory studies finding a
link between cocaine use/craving and nicotine, we hypothesize that stimulant outcomes will
be better in those who quit smoking than in those who do not. S-CAST is thus designed to
answer questions of interest to clinicians as well as more basic researchers and should
contribute significantly to our understanding of how best to address the co-occurring
problems of nicotine dependence and cocaine/methamphetamine-dependence. Addressing
this problem has public health implications since smoking is so prevalent among cocaine/
methamphetamine-dependent individuals and is associated in this, as in other populations,
with long-term deadly consequences.
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Figure 1. Study Schema
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Number of prize drawings per week as a function of negative CO levels

Table 2

Study Week | Number draws for negative CO | Bonus for negative CO since week 4 | Max Draw/Sample

4 4 0 4
4 4 0 4
5 5 1 6
5 5 1 6
6 6 1 7
6 6 1 7
7 7 1 8
7 7 1 8
8 8 1 9
8 8 1 9
9 9 1 10
9 9 1 10
10 10 1 11
10 10 1 11

Total 110
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