
© The Author 2015. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco. All rights reserved.  
For permissions, please e-mail: journals.permissions@oup.com.

1171

Nicotine & Tobacco Research, 2016, 1171–1179
doi:10.1093/ntr/ntv236
Original investigation

Advance Access publication October 17, 2015

Original investigation

Zonisamide Reduces Withdrawal Symptoms But 
Does Not Enhance Varenicline-Induced Smoking 
Cessation
Kelly E. Dunn PhD1, Taylor F. Marcus BA1, Cynthia Kim PharmD1,  
Jennifer R. Schroeder PhD2, Ryan Vandrey PhD1, Annie Umbricht MD1

1Department of Psychiatry and Behavioral Sciences, Johns Hopkins University School of Medicine, Baltimore, MD; 
2Schroeder Statistical Consulting, Ellicott City, MD

Corresponding Author: Annie Umbricht, MD, Department of Psychiatry and Behavioral Sciences, Johns Hopkins 
University School of Medicine, 5510 Nathan Shock Drive, Baltimore, MD 21224, USA. Telephone: 410-550-1917; Fax:  
410-550-0030; E-mail: annieumbricht@jhu.edu

Abstract

Introduction: Varenicline (Chantix) is a first-line treatment for smoking cessation but does not pro-
duce cessation in many individuals. It may be possible to improve abstinence by co-administering 
varenicline with other medications. Zonisamide (Zonegran) has a similar pharmacologic profile to 
topiramate, which has been shown to reduce smoking, but is better tolerated. This study evaluated 
whether combined zonisamide and varenicline reduced tobacco withdrawal and increased absti-
nence among smokers trying to quit, relative to varenicline and placebo.
Methods: This was a double-blind, randomized, placebo-controlled pilot trial of zonisamide + 
varenicline versus placebo + varenicline for smoking cessation. Smokers received brief counseling 
and study medications, and completed weekly assessments for 10 consecutive weeks. The pri-
mary outcome was continuous abstinence rates (biochemically verified) during the final 4 weeks 
of treatment.
Results: Results are presented as intent-to-treat and completer analyses. Seventy-four individuals 
were enrolled; 45 completed the study. Overall, 14.9% (intent-to-treat) and 25.0% (completer) of 
participants maintained sustained abstinence during the final 4 weeks of treatment. There were 
no differences between groups for biochemically-verified smoking, but zonisamide + vareni-
cline reduced self-reported smoking, nicotine withdrawal, and craving compared to placebo + 
varenicline.
Conclusions: Zonisamide decreased nicotine withdrawal and craving, though not of sufficient 
magnitude to modify smoking behavior. The sample size was small and low rates of abstinence 
across groups suggest the study population was difficult to treat. Additional evaluation of zon-
isamide or other medications that increase GABA or decrease glutamate in larger or more diverse 
populations may yield positive clinical benefit for nicotine/tobacco cessation.
Implications: This study provides support for layering novel medications with varenicline for 
smoking cessation, for investigating medications that target the GABA and glutamate system, and 
for assessing the contribution that reductions in nicotine withdrawal have on ultimate cessation 
outcomes.
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Introduction

In 2012, 18.7% of the global population aged 15 and over smoked 
cigarettes and an estimated 6 million people worldwide died from 
a smoking-related illness.1,2 In the United States, approximately 40 
million adults (18.1%) smoke cigarettes. Smoking is blamed for 
more than 400 000 in the US deaths annually, and an additional 
16 million adults and children are believed to suffer from smok-
ing-related diseases. The US Surgeon General attributes 15 types of 
cancers and at least 24 chronic diseases to cigarette smoking,3 and 
smoking has been estimated to cost $133 billion in direct healthcare 
and $156 billion in lost productivity.3

Varenicline (Chantix) is a first-line treatment for smoking cessa-
tion and produces the highest rates of sustained smoking abstinence 
among individuals trying to quit,4 yet, fewer than half of people who 
take varenicline are able achieve long-term sustained abstinence.5–8 One 
potential method for enhancing the efficacy of varenicline for smoking 
cessation is to identify medications with effect profiles that may com-
plement the clinical effects of varenicline. Support for this approach is 
apparent in nicotine/tobacco cessation research where combined phar-
macotherapies often outperform single agents for smoking cessation.4,9 
Varenicline is well suited for this approach as it is a leading treatment 
for smoking cessation and has a very low rate of drug–drug interactions.

The strategy of combining varenicline with other medications 
to support increased smoking cessation is rapidly gaining attention, 
although randomized trials to date have been limited to FDA-approved 
medications for smoking cessation. One of three randomized controlled 
trials indicated that a combination of varenicline and nicotine replace-
ment therapy improved smoking outcomes compared with vareni-
cline + placebo.10–12 Studies that combined varenicline and bupropion 
(Zyban) have also indicated significant benefits of drug combination 
for smoking cessation, with 39.8%–50.0% of participants randomized 
to varenicline + bupropion achieving abstinence compared to 25.9%–
43.2% of participants receiving varenicline alone.13,14

Zonisamide (Zonegran) has been FDA-approved for the treat-
ment of epilepsy since 2000, is available generically, and may have 
utility for smoking cessation. Zonisamide enhances dopaminergic 
tone (tyrosine hydroxylase activator, monoamine oxidase B inhibi-
tor15–17), normalizes glutamate homeostasis (potentially normalizing 
neuroplasticity), decreases stress and anxiety, restores cysteine-glu-
tamate exchange transporter (xCT) and glial glutamate transporter 
(GTT-1; both of which are affected in nicotine use18,19), and increases 
GABA release.20 Zonisamide is also associated with substantial 
weight loss,21 which is not generally addressed by current smoking 
cessation pharmacotherapies.22 Zonisamide is in the same class of 
medications as topiramate (Topamax), which has been shown to 
improve smoking cessation outcomes and minimize weight gain in 
smokers,23 and to enhance smoking cessation in alcohol-dependent 
smokers.24,25 Zonisamide is generally better tolerated than topira-
mate,26 and does not produce the negative cognitive effects that are 
evident following topiramate administration,27 suggesting that it 
may be preferable to topiramate for use in smoking cessation. The 
present pilot study was conducted to evaluate the effect of combin-
ing zonisamide with varenicline on nicotine withdrawal, craving, 
and smoking abstinence among smokers attempting to quit.

Methods

Participants
Smokers who wanted to quit were recruited via newspaper adver-
tisements and flyers posted in Baltimore, MD between October 2012 

and December 2013. Inclusion criteria were being 18–65 years old, 
smoking at least 10 cigarettes per day for at least 1 year, reporting 
a desire to quit smoking (≥7 on Contemplation Ladder28), providing 
a urine sample that tested positive for the nicotine metabolite coti-
nine, and agreeing to adhere to the visit schedule. Participants were 
excluded if they used a nicotine product other than cigarettes, had a 
history of serious psychiatric disorder, scored at least 20 on the Beck 
Depression Inventory,29 scored at least 2 on the first question or at 
least 8 total on the Suicidal Behaviors Questionnaire Revised,30 used 
bupropion, nortriptyline, or clonidine in the past 30 days, or had 
medical contraindications to varenicline or zonisamide.

Recruitment methods included a brief phone screen followed by 
a clinic screening visit. Eligibility was determined based on blood 
and urine tests for medical eligibility, cotinine, and pregnancy, and 
responses on several self-report assessments (see Study Measures). 
Of 175 individuals screened, 74 participants were randomized 
and received at least one dose of study medication (Supplementary 
Figure  1). All participants provided voluntary informed consent 
to participate, and the study was approved by the Johns Hopkins 
University Institutional Review Board.

Study Design
The study evaluation period was 10 weeks and participants were 
asked to attend visits once weekly. During visits participants 
received study medication, completed self-report measures of smok-
ing, nicotine withdrawal, and craving, and provided a urine sample 
(see below). At three times during the study (Weeks 3, 7, and 10), 
vital signs and a blood sample was collected for safety monitor-
ing. Participants who were abstinent at the end of treatment were 
contacted via phone 4 weeks after study discharge and invited to 
complete a follow-up assessment and provide a urine sample to con-
firm self-reported abstinence. Participants were compensated up to 
$400 for completion of all study visits and were eligible to receive 
an additional $200 as a completion bonus for study attendance and 
participation.

A target-quit date (TQD) was set for the 1st day of the 3rd 
week. All participants received the booklet “Clearing the Air: Quit 
Smoking Today” at entry into the study and completed three brief 
counseling sessions (Weeks 1–3). The counseling sessions reviewed 
the “Clearing the Air” booklet, provided tips for abstinence, pre-
pared participants for their TQD, addressed concerns regarding 
nicotine withdrawal and weight gain, and provided strategies for 
maintaining abstinence. Cards with the 1-800-QUIT-NOW number 
were also provided to participants for additional support.

Study Medications
All participants received open-label varenicline, with a 10-day dose 
induction on the following schedule: placebo (Days 1–4), 0.5 mg 
daily (Days 5–7), and 0.5 mg twice daily (Days 8–10). The full main-
tenance dose of 1 mg twice daily started on Day 11 (3 days prior 
to the TQD). Upon confirmation of study eligibility, the research 
pharmacist stratified participants to receive zonisamide (over-
encapsulated) or weight-matched placebo capsules according to 
the following criteria: race (Caucasian/non-Caucasian), gender, and 
number of cigarettes per day (<21 vs. ≥21). Zonisamide dose induc-
tion occurred over 14 days on the following schedule: 100 mg daily 
(Days 1–7), 200 mg daily (Days 8–14), and 300 mg daily beginning 
Day 15, coincident with the TQD and continued as maintenance 
dose. This dose was selected to be consistent with those adminis-
tered for seizure control (100–600 mg daily), while minimizing the 
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potential for negative effects that could occur with a shorter induc-
tion period than what is used typically for seizure control.31 At each 
visit, participants received a 1-week supply + 3 extra days of both 
varenicline and study capsules (containing either zonisamide or pla-
cebo) to provide coverage in the event an appointment needed to be 
re-scheduled. Medication was packaged in blister packs; all unused 
doses were collected at each subsequent visit and the reasons for any 
missed doses were documented.

Study Measures
At the Screening Visit, participants completed assessments of psy-
chosocial functioning (see below), past 30-day smoking behavior 
using the Time-line Follow Back method,32 and baseline ratings on 
the revised Minnesota Nicotine Withdrawal Scale (MNWS; past 
7 days)33 and the Questionnaire of Smoking Urges-Brief (QSU-B).34 
A locally developed demographic and smoking history questionnaire 
was administered to characterize the sample and assess prior smok-
ing and quit attempts.

During each weekly visit, participants completed the Time-line 
Follow Back, MNWS, the QSU-B, and reported adverse events. 
Additional patient-reported outcome measures hypothesized to be 
sensitive to changes in smoking or study medication were collected at 
study Screening and periodically throughout the 10-week interven-
tion; for brevity, the results from these measures will not be reported 
here. Smoking on the Time-line Follow Back was operationalized 
such that even 1 puff was recorded as 1 cigarette. Participants also 
completed the Medication Adherence Questionnaire35 at weeks 1, 
2, 3, 7, and 10, and were asked weekly to identify whether they 
believed they were receiving zonisamide or placebo to assess the 
fidelity of the medication blind. At the end of the study, participants 
completed an exit interview during which they were asked whether 
they had used any extra-study resources for smoking cessation (eg, 
quit-line, other pharmacotherapies or nicotine replacement), their 
opinion of the study medications, whether the study medication 
aided their quit attempt, and whether they would recommend one or 
both of the study medications for smoking cessation to other people. 
Participants who left the study early completed the exit interview on 
their final visit.

Urine samples were collected and tested weekly for cotinine using 
a semi-quantitative EMIT assay (>200 ng/mL considered smoking) 
and for pregnancy every 4 weeks. Qualitative (positive/negative) 
urine testing for varenicline (1 ng/mL) and zonisamide (1 ng/mL) 
were conducted for Week 7 specimens to provide a point-prevalence 
assessment of medication adherence. This time-point was selected to 
coincide with the primary outcome variable (cessation during weeks 
7–10 of the study). For participants who dropped out of the study 
prior to Week 7, or who missed that visit, the specimen temporally 
closest to their scheduled Week 7 visit was analyzed for medication 
adherence.

Data Analyses
The aim of this pilot study was to assess whether there was a posi-
tive signal that supported conducting a large-scale, randomized, 
controlled trial evaluation of zonisamide + varenicline for smok-
ing cessation. The pilot study proposed to enroll 60 participants to 
assess the research hypotheses; due to successful recruitment efforts, 
the study was able to enroll 74 participants.

The primary study hypothesis was that zonisamide + varenicline 
would produce greater abstinence (defined as self-report + negative 

urine tests) during Weeks 7–10 compared with placebo + vareni-
cline. Repeated measures analysis of variance was used for continu-
ous longitudinal measures (self-reported cigarettes smoked), and 
repeated measures logistic regression (using Generalized Estimating 
Equations) was used for binary longitudinal measures (cotinine-pos-
itive urine specimens). Group comparisons of binary variables were 
performed using Fisher’s exact test; group comparisons of continu-
ous variables that were not normally distributed (eg, percent absti-
nent and longest duration of abstinence) were analyzed using the 
Wilcoxon test.

Additional testing included between-group comparison of base-
line demographics, cigarettes smoked per week, MNWS, QSU-B, 
point-prevalence medication adherence, body weight, and medica-
tion satisfaction using analysis of variance for continuous measures 
and Fisher’s exact tests for dichotomous measures. Secondary meas-
ures of cessation were compared across groups, and all smoking out-
come data refer to the time-period following the TQD (weeks 3–10). 
Changes in the rate of qualitative and semi-quantitative cotinine 
results over time were compared across groups using Generalized 
Estimating Equations. Qualitative urine results were analyzed two 
ways: missing samples treated as missing data (missing–missing) 
and missing samples imputed as positive (missing–positive). Semi-
quantitative results were analyzed as missing-missing only.

Smoking outcomes are presented here as intent-to-treat (ITT), 
which includes all participants who ingested at least one dose of 
study medication, and completer analyses, which includes only 
those participants who were continuing to attend visits at the end 
of the 10-week intervention. All analyses were conducted using the 
R statistical program version 3.1.0 (R Foundation for Statistical 
Computing; Vienna, Austria) and P ≤ .05 was considered statisti-
cally significant.

Results

Participants
A total of 74 participants were randomized and provided study 
medication (see Supplementary Figure 1 for CONSORT diagram). 
Participant demographics are presented in Table 1. Thirty-four and 
40 participants were randomized to receive zonisamide + varenicline 
(ZV) and placebo + varenicline (PV), respectively, and there were 
no statistically significant between-group differences for any demo-
graphic or smoking variables assessed. Of the 74 randomized partici-
pants, 61% (n = 45) were considered study completers. Completion 
rate did not vary significantly as a function of medication group, with 
53% (n = 18) of the ZV and 68% (n = 27) of the PV participants 
completing the study. As seen in Table 1, participants endorsed an 
equal likelihood of receiving zonisamide or placebo throughout the 
weekly study visits, indicating the medication had been successfully 
blinded. Total number of visits completed (Table 1) and a logrank 
test of survival were not significantly different across groups.

Smoking Outcomes
There was no difference in rates of biochemically-verified absti-
nence between medication conditions. Overall, 14.9% and 25.0% 
of participants provided continuous negative samples during weeks 
7–10 of the study in the ITT and completer analyses, respectively. 
ZV participants were no more likely to remain abstinent during this 
timeframe than PV participants (ITT odds ratio [OR] = 0.98, 95% 
confidence interval [CI]  = 0.21–4.30; completer OR  =  1.34, 95% 
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CI = 0.26–6.53). The abstinence rates also remained the same in both 
the ITT and completer analyses at the 4-week follow-up visit (14.9% 
and 25.0%), with no significant between-group differences, and 
closer inspection revealed that it was not always the same individu-
als abstaining at the 10 and 14-week visits. At the 4-week follow-up 
visit, abstinence was equally likely for the ZV compared to PV par-
ticipants (OR = 0.42, 95% CI = 0.03–4.00; completer OR = 0.42, 
95% CI  =  0.03–4.00). No significant between-group differences 
were observed for several additional secondary cessation vari-
ables (Table 1) or semi-quantitative cotinine results (Supplementary 
Figure 2) in the ITT or completer analyses. In contrast, self-reported 
number of cigarettes smoked per day did vary significantly across 
the groups (Figure 1), with the ZV participants reporting smoking 
significantly fewer cigarettes relative to the PV participants in the 
ITT [F(1,432) = 13.7, P < .001] and completer [F(1,354) = 8.48, P < 
.01] analyses, though no significant effects of study visit or group × 
visit interactions were observed.

Medication Adherence
The number of participants who reported forgetting to take their 
medication in both the ITT and completer analyses did increase 
slightly over time (z = 1.99, P =  .047 for ITT, z = 2.15, P =  .031 
for completers); though medication group was not statistically sig-
nificant in these models. Weekly pill counts of medications revealed 
good adherence with varenicline and study capsules in both the ITT 
(68.3%, 73.2%) and completer (76.6%, 85.6%) groups, respec-
tively. This was supported by point-prevalence urinalysis testing, 
which indicated 87.5% (ITT) and 87.0% (completer) adherence for 

varenicline, and 100% adherence for zonisamide; between-group 
differences were not significant.

Patient-Reported Outcomes
Nicotine Withdrawal
Significant main effects of study group [F(1,713) = 9.20, P < .01] 
and study visit [F(1,713) = 14.3, P < .001] were observed on the 
MNWS total score in the ITT analysis. Withdrawal decreased sig-
nificantly throughout the study in both medication groups. Analysis 
of individual symptoms revealed significant main effects of group 
and study visit for several items in the ITT (Table 2) and completer 
(Table 3) analysis. There were no significant differences in average 
(SD) weight gain across the two groups, with the ZV and PV groups 
gaining 4.39 (9.0) and 3.75 (13.5) pounds, respectively.

Withdrawal as a function of group was also compared among 
participants classified as abstainers (eg, continuously biochemically-
negative during weeks 7–10; n  =  11; ZV  =  5, PV  =  6) and non-
abstainers (n = 63, ZV = 29, PV = 34). Analyses indicated a main 
effect of zonisamide on withdrawal symptoms within both the 
abstainer (P = .04) and non-abstainer (P < .001) categories, but no 
significant effect of visit or group × visit interaction. A nonsignifi-
cant trends towards a group × visit interaction was observed among 
abstainers who received zonisamide, relative to abstainers who 
received placebo.

Craving
The ITT analysis revealed that craving measured by the QSU-B 
decreased significantly throughout the study in both groups as 

Table 1. Participant Characteristics and Study Outcomes

ITT Completers

Zonisamide + varenicline 
(N = 34)

Placebo + varenicline 
(N = 40)

Zonisamide + varenicline 
(N = 18)

Placebo + varenicline 
(N = 27)

Participant characteristics
 Age (y) 45.3 ± 9.8 45.9 ± 9.7 46.8 ± 9.4 46.6 ± 10.3
 Male (%) 76.5 67.5 72.2 66.7
 Caucasian (%) 32.4 32.5 22.2 33.3
 Hispanic (%) 0.0 2.5 0.0 3.7
 Employed (%) 44.1 32.5 44.4 29.6
 Cigarettes per day (past 30 days) 17.2 ± 6.3 19.5 ± 8.3 17.3 ± 3.6 20.5 ± 9.2
 Years smoked >10 cigarettes per day 13.7 ± 10.5 18.2 ± 12.9 13.0 ± 10.6 19.3 ± 14.0
 Previous serious quit attempt (%) 73.5 82.5 77.8 88.9
Study outcomes
 Smoking related outcomesa

  Abstinent weeks 7–10 (%) 14.7 15.0 27.8 22.2
  Longest duration continuous abstinence (wk)b 1.79 ± 2.9 2.03 ± 3.06 2.83 ± 3.43 2.70 ± 3.35
 Total visits attended (range 0–10) 8.3 ± 3.5 9.0 ± 3.1 10.0 10.0
 Believed they were receiving zonisamide (% visits) 54.9 52.6 54.5 49.3
 Medication adherence
  Mean percent adherence (assessed via pill count) (%)
   Varenicline 76.7 59.8 76.1 77.0
   Study capsules 73.3 73.0 84.7 86.4
  Urine testing confirmation of adherence (%)c

   Varenicline 90.3 84.6 81.3 92.6
   Zonisamide 100.0 n/a 100.0 n/a

No significant between-group comparisons within the intent-to-treat (ITT) and completer analyses; P values not shown values represent mean ± SD unless other-
wise noted.
aSmoking outcomes based on urinary cotinine testing.
bAssessed as missing = positive only.
cPoint prevalence testing at week 7.
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a function of study visit, though no significant between-group or 

group × visit interactions were observed. These effects were evident 

across both Factor 1 (craving related to positive effects of smoking) 

and Factor 2 (craving related to avoidance of withdrawal) within 

the ITT (Table 2) and completer (Table 3) analyses. The completer 

analysis also revealed a significant effect of study group on Factor 2 

of the QSU-B.

Adverse Effects
A total of 57 participants (77% of sample) reported an adverse 

event (Supplementary Table 1). There were no significant between-

group differences in the frequency of adverse events rated as mild 

[F(1,72)  =  16.3, P  =  .06], moderate [F(1,72)  =  0.67, P  =  .42], or 

severe [F(1,72)  =  0.93, P  =  .34]. Self-reported responses to ques-

tions regarding negative medication effects were collapsed across all 

visits and study groups and only a minority of participants endorsed 

feeling sad/depressed (23.6%) or hostile (8.3%). More participants 

reported feeling easily agitated (43.1%), though this result over-

lapped with the time course of nicotine withdrawal. Results did not 

vary significantly between the two groups.

Study Satisfaction
The ITT analysis revealed that participants rated the counseling 

favorably (7.6 [2.4] out of 10), and few participants reported using 

other smoking cessation resources during the study (14.5%) or con-

tacting the quit line (14.5%). The majority of participants in both 

the ZV and PV groups reported that the medication helped them to 

abstain from smoking (95.4% vs. 93.9%), that they would request 

this combination of medications from their doctor if it were avail-

able (81.8% vs. 72.7%), and that they would recommend this com-

bination of medications to someone who was trying to stop smoking 

(90.9% vs. 87.8%), respectively. None of these values differed sig-

nificantly as a function of medication group.

Discussion

This was a double-blind, randomized, placebo-controlled pilot study 
to evaluate whether zonisamide combined with varenicline would 
increase rates of smoking abstinence relative to varenicline alone. 
This study adds to the growing approach of combining varenicline 
with other medications to enhance overall smoking cessation out-
comes.10,11,13,14,36 The results of this study indicate that zonisamide 
did not significantly enhance cotinine-verified smoking cessation 
among participants who were prescribed open-label varenicline, 
relative to placebo. However, results do suggest that zonisamide may 
have some efficacy in reducing the self-report of smoking, the magni-
tude of nicotine withdrawal, and elements of craving, suggesting that 
drugs that target novel systems, such as the GABA and glutamate 
system, may be a valuable treatment strategy for smoking cessation 
that warrants additional research attention.

Meta-analytic reviews vary regarding the rate of abstinence that is 
expected following varenicline administration, with a recent report esti-
mating 49% of patients receiving varenicline are abstinent during the 
final 4 weeks of treatment.5 The rates of biochemically-verified absti-
nence achieved in the ITT and completer analyses here (14.9%–25.0%) 
are lower than what has been previously reported, however the cur-
rent methods differ from existing research in a critical way by relying 
on urinary cotinine (vs. carbon monoxide) as an index of abstinence. 
This is a departure from previous studies, which relied exclusively on 
point-prevalence carbon monoxide testing for assessing abstinence5 and 
therefore had a detection period of only approximately 6 hours,37 versus 
5–7 days with cotinine. The results obtained here are consistent with 
the results of a limited number of other studies that utilized cotinine as 
the primary index of abstinence (0%–23.6% at end of a 12-week treat-
ment38,39), which serves as a positive control for the varenicline effect.

It should be noted that self-reported cigarettes per day were sig-
nificantly reduced among participants who received zonisamide + 
varenicline, in both the ITT and completer analyses. Though these 
reductions were not large enough to be reflected in urinary cotinine 
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Figure 1. Self-reported mean number of cigarettes smoked per day. X-axis presents study week; S = Screening, A = Admission to study. The target-quit day was 
Day 1 of Week 3. Results are presented as a function of intent-to-treat (ITT) (circle) and completer (triangle) analyses, and as a function of the Zonisamide + 
Varenicline (filled) and Placebo + Varenicline (open) groups. Error bars represent standard error of the mean (SEM).
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testing, they suggest that zonisamide may have reduced some smok-
ing behavior. Research using larger doses of zonisamide could be 
considered to assess whether they might produce larger reductions in 
smoking. These results add to previous smoking cessation trials that 
reported a positive signal on smoking cessation using topiramate, a 
medication with a mechanism of action similar to zonisamide,23–25 
and administered at doses considered equipotent to the dose of 
zonisamide utilized here. Ultimately, these data support additional 
research evaluating medications that target the GABA and glutamate 
systems for smoking cessation.23–25,40

This study hypothesized that zonisamide may enhance vareni-
cline-induced smoking outcomes by treating symptoms of nicotine 
withdrawal not otherwise addressed by varenicline. Results revealed 
significant between-group differences for both the ITT and completer 
analyses on the MNWS and in the completer analysis for Factor 2 of 
the QSU-B (which captures craving related to avoidance of smoking 
withdrawal symptoms), on several individual withdrawal symptoms 
(including craving, anger, anxiety, insomnia, restless, impatient, and 
coughing), and within participants who completely abstained during 
weeks 7–10 of the study. Inspection of these latter data revealed a non-
significant trend towards a group × visit interaction in MNWS ratings 
among participants who received zonisamide. This effect was likely 
underpowered, but these results suggest that zonisamide may have a 
persistent effect on withdrawal that could potentially delay relapse to 
smoking; this effect warrants additional research attention. Differences 
between Factor 2 of the QSU-B and the craving item of the MNWS are 
likely attributable to the fact that the QSU-B subscale score is derived 
from several different items, whereas the MNWS asks a single craving 
item that is not able to differentiate between craving for positive effects 
or avoidance of negative effects. As a result, these two values represent 
qualitatively different domains. Objective indicators of adherence did 
not differ between the groups, suggesting the outcomes are not due 
to differential medication adherence. No significant effect on weight 
gain was observed in this study. The lack of between-group difference 
in weight may be due, in part, to the short duration of the study (10 
weeks). Ideally, this analysis would have evaluated changes in weight 
during the first few weeks of abstinence, when cessation was just occur-
ring and nicotine withdrawal ratings were highest. However, due to 
logistical constraints, there were 4 weeks imposed between the first and 
second weight measurement, which reduced the sensitivity needed to 
more closely evaluate changes in weight during the active quit attempt.

Although the study hypothesized that zonisamide would reduce 
nicotine withdrawal symptoms, these data indicate that reductions 
in nicotine withdrawal severity and craving were not sufficient to 
affect cotinine-based quit rates. These outcomes are consistent with 
two previous studies that combined nicotine replacement products 
(nicotine replacement therapy) with varenicline to increase rates 
of smoking abstinence, which reported that varenicline + nicotine 
replacement therapy significantly reduced MNWS ratings relative to 
varenicline alone but did not impact cessation.10,11 The only study 
that showed a positive benefit of varenicline + nicotine replacement 
therapy, relative to varenicline + placebo, on smoking cessation out-
comes reported no effect of the combined product on craving for 
smoking or withdrawal ratings.12 Together with our results, these 
data suggest that efforts to reduce nicotine withdrawal symptoms 
in individuals on varenicline may need to produce a greater effect in 
order to impact smoking cessation.

Despite the overall lack of between-group differences in the smoking 
outcomes observed, participants generally liked the resources provided 
by the study and were willing to recommend the study medications to 

others. There was also minimal endorsement of psychiatric events and 
varenicline and zonisamide appeared to have been well-tolerated by 
the participants, which increases the feasibility of evaluating medica-
tions that impact novel systems for smoking cessation.

This study has several strengths, including a double-blind, ran-
domized treatment design and reliance upon urinary cotinine as an 
objective index of smoking status. Although there was a null effect of 
zonisamide on cotinine outcomes, there are several positive controls 
in the study that strengthen the validity of the results, including the 
fact that cotinine decreased and self-reported abstinence increased 
in the week following the TQD day, a finding consistently observed 
in individuals who are attempting to quit. Moreover, nicotine with-
drawal and craving both decreased as the number of cigarettes 
smoked per day decreased. Limitations of this study include the fact 
that participants did not receive the indicated 12-week treatment 
of varenicline and that we did not exclude or control for ongoing 
illicit drug use during the study. We learned that several participants 
were concurrently enrolled in methadone maintenance programs, 
which has been previously associated with a reduced response to 
varenicline for smoking interventions41 and with increasing reinforc-
ing effects of smoking,42 and therefore may have impacted outcomes.

In conclusion, the results of this study suggest that, consistent 
with the study hypothesis, zonisamide may reduce the severity of cer-
tain nicotine withdrawal symptoms when given in combination with 
varenicline, though the magnitude of this effect may not yet be suf-
ficient to translate into differences in biochemically-confirmed cessa-
tion outcomes. Nevertheless, this study adds to previous studies that 
demonstrated a positive effect of topiramate on smoking outcomes, 
and provides additional evidence that the GABA and/or glutamate 
system may be a promising target for future studies on pharmaco-
logic interventions for nicotine dependence and the identification of 
new therapeutic modalities for smoking cessation.
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