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Abstract

The anticonvulsant topiramate decreases ethanol consumption in alcohol dependence (AD), but
also may produce several adverse events including cognitive impairment. Zonisamide is a
structurally related anticonvulsant that is a promising agent for the treatment of AD and may have
greater tolerability than topiramate. This study evaluated the effects of zonisamide (400 mg/day)
on alcohol consumption and its neurotoxic effects in subjects with AD. A double-blind placebo-
controlled clinical trial was conducted using two comparator anticonvulsant drugs, topiramate
(300 mg/day) and levetiracetam (2000 mg/day), which does not impair cognition. Study
medications were administered for 14 weeks, including a 2-week taper period. Medication
adherence was facilitated using Brief Behavioral Compliance Enhancement Treatment.
Neurotoxicity of study drugs was assessed using neuropsychological tests and the AB-
Neurotoxicity scale. Compared to placebo, both zonisamide and topiramate produced significant
reductions in the drinks consumed per day, percent days drinking, and percent days heavy
drinking. Only the percent days heavy drinking was significantly decreased in the levetiracetam
group. The topiramate cell was the only group that had a significant increase on the mental
slowing subscale of the Neurotoxicity Scale compared to placebo at study weeks 11 and 12.
Topiramate and zonisamide both produced modest reductions in verbal fluency and working
memory. These findings indicate that zonisamide may have efficacy in the treatment of AD, with
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effect sizes similar to topiramate. Both of these drugs produced similar patterns of cognitive
impairment, although only the topiramate group reported significant increases in mental slowing.
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The results of several clinical trials, including one multi-site study, indicate that the broad
spectrum, sulfamate-substituted anticonvulsant topiramate has a therapeutic effect size in the
moderate range for the treatment of alcohol use disorders (AUDS) 1-3. Some of the most
common problematic adverse effects associated with topiramate administration involve the
impairment of cognition that may include impaired verbal fluency and working memory*5:6,
There is research that suggests that the cognitive adverse effects that occur with topiramate
treatment of AUDS, are similar to those reported for the treatment of epilepsy, migraine
headaches, and obesity®’. Cognitive impairment induced by topiramate is a common reason
for study dropout and drug discontinuation in clinical settings °. In addition to effects on
cognition, topiramate administration also produces a range of other adverse effects, the most
serious of which is metabolic acidosis, resulting from the inhibition of carbonic anhydrase 8.

Several sulfamide and sulfonamide compounds have been identified that share some of the
structural features of topiramate and that have been shown to have actions as broad-
spectrum anticonvulsants in animal models of seizures disorders 212, Of these compounds,
only zonisamide is currently approved in the United States as a medication for use as a
broad spectrum anticonvulsant 3. This drug shares other therapeutic actions with
topiramate, namely anti-migraine effects 14 15 and the facilitation of weight loss16. There is
also evidence that zonisamide administration may help to promote reduced alcohol
consumption. Ethanol intake has been found to be lowered by the administration of
zonisamide to either mice or rats in limited access models of drinking 17. In humans the
administration of zonisamide decreased ethanol self-administration in a laboratory setting 18,
Ethanol consumption was markedly reduced by the administration of zonisamide in both
open-label 19 20 and placebo-controlled clinical trials 21.

Zonisamide, like topiramate, is a carbonic anhydrase inhibitor, but reports in seizure patients
suggest that it has a lower incidence of both paraesthesias (2.5-11.5% vs. 22% or higher for
topiramate) 22-25 and metabolic acidosis 8. With regard to the latter, in a study conducted by
Mirza and colleagues, 7% of patients treated with zonisamide had low serum bicarbonate
levels, an indicator of acidosis, while 29% of individuals receiving topiramate had low
levels of this ion 8.

The effects of zonisamide on cognition have not been studied as extensively as have those
associated with topiramate. In seizure patients, after one year of monotherapy with
zonisamide, participants had a significant decline from baseline performance on measures of
verbal fluency and attention 26. A pilot study of seizure patients showed impaired
performance on the Wechsler Memaory Scale and delayed recall tasks for logical memory
and verbal paired associates 27. Caution must be exercised in interpreting extant studies,
because some diseases, such as epilepsy, are associated with greater adverse effects than in
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obese or AUDS patients. Subjects with AUDS have reported cognitive problems when
receiving zonisamide?L. In preliminary investigative trials conducted in our clinic, we found
that in alcohol dependent subjects, the cognitive impairing effects of zonisamide were less
severe compared those resulting from topiramate administration!® 28, Formal
neuropsychological testing, however, has not been used to evaluate the effects of zonisamide
on individuals with AUDS in placebo-controlled clinical trials.

The objectives of the present study were to evaluate the effects of zonisamide administration
on ethanol intake and on cognitive functioning in subjects with moderate to severe AUDS,
specifically those meeting Diagnostic Satistical Manual Fourth Edition (DSM-IV-TR)
criteria for alcohol dependence (AD). Cognitive functioning was assessed using a battery of
neuropsychological tests that measured several aspects of cognitive functioning, including
working memory, language function, executive function, and visual processing and
psychomotor performance. The AB-Neurotoxicity scale was administered in the present
study to obtain subjects' reports concerning their experiences of the neurotoxic actions of
anticonvulsants. The effects of zonisamide were compared with those of placebo.
Topiramate was also administered to a separate group of subjects as a positive control. The
anticonvulsant levetiracetam was used as an additional comparator agent. Levetiracetam
administration appears to produce few adverse effects on cognition 2% 30, This drug had
shown initial promise as a medication for the treatment of alcohol dependence 31, but its use
for this purpose has not since been supported by findings in recent studies 32 33,

Materials and Methods

Subjects

Eighty-five participants (37 women) aged 21 to 65 years of age who met DSM-IV-TR
criteria for alcohol dependence were admitted into this study. Characteristics of the subjects
are provided in Table 1. Eligibility criteria specified that during the 90 day period preceding
screening, men drank 35 or more standard drinks per week, while women consumed 28 or
more standard drinks per week over at least a 4 week-long consecutive period. Subjects had
to have had a score of greater than 8 on The Alcohol Use Disorder Identification Test 34 and
were required to express a desire to stop drinking or reduce their intake of alcohol. Female
subjects were required to have been using appropriate birth control procedures prior to
randomization and during the period in which study medications were being administered or
to be sterile or to have entered menopause. Pregnant women were excluded from the study.

Exclusion criteria for this study included dependence on substances other than alcohol,
nicotine, or caffeine, a score of 10 or greater on the Clinical Institute Withdrawal
Assessment for Alcohol- Revised3® (CIWA-AR) scale during screening, current treatment
with acamprosate, disulfiram, or naltrexone, or to have used any of these drugs less than two
weeks prior to randomization. Additional exclusion criteria were current treatment with
sedative-hypnotics, opioids (i.e., required chronic opioids treatment), psychomotor
stimulants or with anti-psychotic, anti-manic, or anticonvulsant medications.
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All subjects provided written informed consent, when not intoxicated (i.e., BAC= 0.00%),
prior to entry into the study. This study was undertaken with the approval of the Boston
University Medical Center's Institutional Review Board.

Study Design and Procedures

This placebo-controlled study followed a double-blind, parallel group design. An adaptive
randomization procedure was followed in this study with sex and heavy drinking (10 drinks
per day for men and 8 drinks per day for women) for all previously randomized subjects
used as variable levels. Subjects were randomized to one of the following four treatment
groups: (1) Levetiracetam, (2) Placebo, (3) Topiramate, or (4) Zonisamide.

The flow diagram for this study can be found in Supplemental Figure 1 (in Supplemental
Digital Content 1, http://links.lww.com/JCP). Subjects were recruited by advertisements
placed on the radio or in newspapers. A telephone interview was used to identify subjects
who were qualified to undergo further screening. Subjects were evaluated during screening
sessions to determine whether they met criteria for study admission. Those meeting the
appropriate criteria were randomized to one of the four treatment groups. Subjects could
have BAC no greater than 0.02% to be allowed to participate in any of the post-screening
sessions. The study plan called for randomized subjects to visit the clinic on a weekly basis
for 15 consecutive weeks. Prior to the administration of the first dose of study medication,
baseline assessments were obtained. Subjects received medications for 14 weeks. This
included a 7 week period of gradual dose increases, 5 weeks of treatment at the target
maintenance dose levels, followed by a 2 week period for tapering of medications (see study
medication dosing schedule in Supplemental Table 1, in Supplemental Digital Content 2,
http://links.lww.com/JCP). Target maintenance doses were 2000 mg per day for
levetiracetam, 300 mg per day for topiramate, and 400 mg per day for zonisamide. Target
maintenance doses were selected based on the results from previous clinical trials of the
efficacy of levetiracetam3?, topiramate?, and zonisamidel? in alcohol dependent subjects. In
addition to receiving study medication, every subject attended a 15 minute Brief Behavioral
Compliance Enhancement Treatment3¢ (BBCET) session during every session attended
between study weeks 1 and 14. The BBCET is a psychosocial adherence enhancement
procedure that emphasizes that medication adherence is important in the reduction of
participants' drinking behavior.

The four study medications were prepared, stored, and dispensed by the Boston Medical
Center's Investigational Drug Service. These medications were dispensed in identically
appearing dark blue capsules. If possible, subjects received the same number of capsules for
each corresponding day during the treatment period. The study psychiatrist was permitted to
slow the rate at which medication doses were increased during the induction phase or to
reduce the dose administered if subjects were unable to tolerate their medications at any
point in the treatment period.

Subjects' self-reports concerning the amount of ethanol they consumed were collected using
the Time-Line Follow back methods3’ (TLFB) throughout the study. Gamma-
glutamyltranspeptidase (GGT) was measured in blood at screening and study weeks 4, 8, 10,
12, and 15, as a biomarker of alcohol consumption38. Symptoms of withdrawal were
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measured during screening and in each subsequent encounter using the CIWA-AR scale3.
Blood alcohol concentrations, as measured using a Breathalyzer, and vital signs were
collected during each session. Alcohol craving was assessed using the 14-item Obsessive
Compulsive Drinking Scale (OCDS), a reliable self-rating instrument that measures
cognitive aspects of alcohol craving3®. Depression was evaluated with the Montgomery
Asberg Depression Scale (MADRAS)*0, while anxiety levels were determined using the
Hamilton Anxiety scale (HAM-A)*!, The HAM-A, MADRAS, and OCDS were
administered in study weeks 1, 4, 6, 8, 10, 12, and 15. Latency to sleep onset and hours of
sleep per night were assessed using the Sleep Scale for Medical Outcomes (MOS)*2, The A-
B Neurotoxicity Scale?3 was used to obtain subjects' rating of their experience of adverse
effects related to anticonvulsant-induced neurotoxicity. This scale and the MOS were
administered on study weeks 1, 4, 8, 12 and 15.

Neuropsychological tests were administered on study week 1, prior to the start of drug, and
study week 12, at the end of maintenance therapy, to evaluate cognitive functioning at
baseline and in the last week of maintenance therapy. The Wechsler Abbreviated Scale of
Intelligence (WASI) was used to determine full scale intelligence quotients*4. Working
memory was assessed using the Spatial and Digit Span tests from the Wechsler Memory
Scales-Third Edition (WMS-111)#5. The Rey Audio Visual Learning test*6 was administered
to examine verbal memory, while visual memory was evaluated through the use of the Rey
Complex Figure Memory and Recognition Tests*’. Verbal fluency was assessed using the
Controlled Word Association Test (COWAT)?8. The Stroop Color-Word Test4?, Trail
Making Tests®? and Wisconsin Card Sort Test®! were administered to evaluate executive
function. Psychomotor function, attention, and visual-motor processing were assessed using
Part A of the Trail Making Test, the Symbol Digit Modalities Test>2, and the Grooved
Pegboard test®3,

Statistical Analysis

Unless otherwise indicated, data are presented as mean (+ standard error) values. Baseline
group data for drinking and other measures were compared using one way analysis of
variance, except for comparisons of proportional data, for which chi-square tests were
utilized. An intent to treat approach was used to analyze all repeated outcome measures
except those for the neuropsychological testing. Data for the neuropsychological tests were
available for only study weeks 1 and 12 and were analyzed only for subjects for whom week
12 data were available. To assess the effects of subject drop-out an additional sensitivity
analysis was conducted on data for the drinking measures using a last observation carried
forward (LOCF) approach. This approach entailed LOCF values being used to replace data
missing after the last observation in the mixed models analyses described below. The same
approach was used to analyze results for the COWAT, which were used as representative
samples of data for the neuropsychological tests. COWAT data were further analyzed using
an intent to treat approach to see if the results were comparable to those obtained for the
completers' data set.

Drinking measures derived from the TLFB data included the percent days drinking, the
number of drinks consumed per day, and the percent days heavy drinking. Heavy drinking
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was defined as 4 or more drinks per day for women and 5 or more drinks per day for men.
Alcohol consumption measures were analyzed using repeated measures mixed models
analysis using SAS PROC MIXED (ver 9.3, SAS Institute, Cary, NC) with baseline values
for these measures used as covariates. Comparisons were made for data obtained for the 12
week treatment period for all four groups. An additional analysis was conducted on paired
comparisons between values for the placebo group and each of the active medication groups.
For the paired comparisons, the SLICE option available in PROC MIXED was used to
determine differences between pairs of groups for study weeks 10, 11, 12. The SLICE
option offers a means for performing a partitioned analysis of the least square means for an
interaction. Also known as the analysis of simple effects, the SLICE analysis can provide
results for the paired comparisons of least square means for any given unit of time, e.g.,
treatment week. During weeks 10, 11, and 12 drug blood concentrations should be at steady
state levels. This was based on the assumption that zonisamide, which has a half-life in the
range of 50 to 60 hours®*, the longest of any of the study medications, would attain steady
state levels at 2 weeks after the initiation of administration of the maintenance dose in week
8.

Data collected for the A-B Neurotoxicity scales, HAM-A, MADRAS, OCDS, and Sleep-
MOS, were also analyzed with repeated measures mixed models analysis, with baseline
values for these measures used as covariates. A similar approach was used to analyze GGT
data, which were first transformed to natural logarithm values to reduce excessive skewness
and kurtosis detected in the initial examination of the GGT values. The mental slowing and
memory subscales of the Neurotoxicity scales were also analyzed because they assess
aspects of cognition that are likely to be negatively influenced by topiramate. Because
subjects were not always able to attend sessions as originally scheduled, two week-long
rather than one week-long, time bins were used to classify the time of assessment for
measures that were collected on a less than weekly basis in an effort to provide a more
accurate representation of the times at which these data were collected. That is to say, the 12
week treatment period was broken into 6 two-week segments, with for example, assessments
being obtained for weeks 11 and 12 being placed into the segment 6 assessment period. If a
particular time segment contained two values the mean of these values was used in the
analysis.

Alpha levels of less than 0.05 were considered to be significant. An exception was when a
value of less than 0.017, based on a Bonferroni correction, was regarded as being significant
when 3 paired comparisons between the placebo and each of the active medication groups
were made. In an effort to control for multiple comparisons, a second exception was also
made for the neuropsychological test results. For these tests, differences from placebo values
were considered to be significant only when the alpha value was less than 0.01 for the
Group-by-Time interaction for comparisons with placebo. A p value of 0.05 was taken to be
significant for SLICE effects analysis of paired comparisons between the placebo group and
other individual active medication groups. The results of the SLICE analysis, consequently,
are best considered as only an exploratory examination of the direction differences between
these paired groups over the treatment period.
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Demographic data for subjects are presented in Table 1, along with findings for the AUDIT,
WAIS Full Scale 1Q scores, and years of education completed. Group differences were not
significant with respect to any of these variables. The percentage of subjects in each
treatment group who were able to complete assessments for Week 12 of the study were 81%
for the levetiracetam group, 79% of the placebo group, 71% of the topiramate group, and
79% of the zonisamide group (see Supplemental Figure 1, in Supplemental Digital Content
1, http://links.lww.com/JCP for the number of subjects during each phase of the study).
Based on pill count, results for the mean percent of prescribed drugs used by subjects while
in the treatment period was 93.1% (SE 4.7) for the levetiracetam group, 87.6% (5.7) for the
placebo group, 95.4% (2.5) for the topiramate group, and 90.5% (4.4) for the zonisamide
group. These percentages did not differ significantly amongst these groups.

Data obtained at baseline and over the 12 week treatment period for the number of drinks
consumed per day and the percent days heavy drinking are presented in Figure 1. Findings
for the weekly percent days drinking appear in Figure 2. No group differences were found
for any of the three measures of drinking obtained at baseline. Treatment effects were
significant for the percent days drinking [F(3, 81.2)=6.7; p=0.0005] the number of drinks
consumed per day [F(3, 81.4)=4.8; p=0.004], and the percent days heavy drinking [F(3,
84.4)=5.5; p=0.002]. The Group-by-Time interactions were not significant for any of these
measures. For the pairwise comparisons between the placebo and topiramate groups,
significant treatment effects were seen for weekly percent days drinking [F(1,41.6)=19.8,
p<0.0001], percent days heavy drinking [F(1,41.8)=19.4; p<0.0001)], and drinks consumed
per day [F(1,41)=13.5; p=0.0007)]. SLICE effects showed that values for all three drinking
measures were significantly lower in the topiramate group as compared to the placebo group
for weeks 10-12. For the placebo and zonisamide groups comparisons, treatment effects
were significant for the percent days drinking [F(1,42.8)=8.4, p=0.006], percent days heavy
drinking [F(1,43)=10.8; p=0.002)], and drinks consumed per day [F(1,40.8)=7.5; p=0.009)]
measures. Values for the percent days drinking and percent days heavy drinking were
significantly less for the zonisamide group than for the placebo for weeks 10-12. For the
number of drinks consumed per day, the values for the zonisamide group were only
significantly lower than those for the placebo group for week 11. When the levetiracetam
and placebo groups were compared, significant treatment effects were found only for the
percent days heavy drinking [F(1, 43.2)=7.4; p=0.009], with values for the levetiracetam
group being significantly less for than those obtained for placebo group over weeks 10-12.
Drinking measure values that were found to be significant for paired comparisons in the
intent to treat data set were also found to be significant in the sensitivity analysis with the
exception of those for the percent days drinking for the comparison of the zonisamide and
placebo groups. The treatment effect p value for this comparison increased from 0.006 in the
intent to treat analysis to 0.0176 in the sensitivity analysis.

Least square means values obtained for the follow-up evaluation session were significantly
lower for the topiramate group as compared to the placebo group for the mean drinks

consumed per day (p=0.02) and the mean percent days drinking (p=0.02). This comparison
was not significant for the mean percent heavy drinking days value. None of the values for
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the post-treatment evaluation were found to be significant when values for the placebo group
were compared with those obtained for either the levetiracetam or zonisamide groups.

The mean GGT blood concentrations obtained at screening were higher than the upper limit
for normal values (i.e., 58 u/l) for all but the zonisamide group. For log transformed GGT
concentrations obtained at screening and for study weeks 3-12, the Group-by-Time
interaction was found to be significant [F(12, 180)=3.0; p=0.0009]. The pairwise
comparison In GGT values for the topiramate and placebo groups showed a significant
Group-by-time interaction [F(4,127)=5.0; p=0.0009]. Least square means In (GGT) values
for the topiramate group [(Seg-5= 3.5 (0.2); Seg 6= 3.3 (0.2)] were significantly lower than
those obtained for the placebo group in the weeks 9 and 10; [Seg 5= 3.8 (0.2)] and weeks 11
and 12 segment [Seg 6= 3.8 (0.2)]. The treatment and Group-by-Time effects were not
significant for the comparisons of In (GGT) values for the zonisamide and placebo values
and for levetiracetam and placebo.

Mean values obtained for the OCDS during the treatment period are shown in Figure 3.
Repeated measures analysis of these values obtained for total OCDS scores revealed a
significant Group-by-Time interaction [F(15, 102)=1.9; p=0.032]. Only the pairwise
comparison between the topiramate and placebo groups showed a significant Group -by-
Time interaction [F(5,51.9)=3.6; p=0.007] for OCDS values measured over the treatment
period. Least square means OCDS scores for the topiramate group were significantly lower
than those obtained for the placebo group in the weeks 9 and 10 segment and the weeks 11
and 12 segment. Scores for this measure followed a similar trend for both the levetiracetam
and zonisamide groups; however, no significant effects were found for the paired
comparisons of values obtained for these two groups with those found for the placebo group.
Treatment effects and Group-by-Time interactions were not found for any of the
comparisons made for the HAM-A score with the exception of the Group-by-Time effect
[F(5, 76.4)=3.9; p=0.003] for the comparison between the topiramate and placebo groups
(Figure 4). SLICE effects showed topiramate group HAM-A scores to be significantly
higher than placebo group scores for the weeks 1 and 2 segment (p=0.01). None of
comparisons obtained for the MADRAS scores were found to be significant.

Mean total hours of sleep per night determined using the Sleep-MOS scales at baseline were
7.0 (0.3) for the levetiracetam group, 6.8 (0.3) for the placebo group, 6.9 (0.4) for the
topiramate group and 6.9 (0.2) for the zonisamide group. These baseline values did not
differ significantly amongst the groups. Analysis of data for the total hours of sleep per night
and the latency to the onset of sleep did not reveal any significant differences amongst the
groups over the course of the treatment period.

For pairwise comparisons of topiramate versus placebo data for AB-Neurotoxicity scales,
the treatment effect [F(1,39.2)=8.0; p=0.008] was significant for the mental slowing
subscale with the effect slices being significant only for the week 11 and 12 segment
[p=0.005] (see Supplemental Table 2 Supplemental Digital Content 3, http://links.lww.com/
JCP). For the total Neurotoxicity scores, the alpha value for the treatment effect was 0.03,
which is not significant after correction for multiple comparisons, with an alpha value of
0.015 found for the week 11 and 12 segment. For the memory subscale of the Neurotoxicity
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scale, none of the effects examined for the overall analysis were significant, but the tests of
SLICE effects had an alpha value of 0.011 for the weeks 11 and 12 segment. Taken together,
these results suggest subjects on the topiramate group experienced greater neurotoxicity
symptoms in the last two weeks of the maintenance phase of the study. A significant Group-
by-Time interaction was found for the comparison between the zonisamide and placebo
groups [F(3, 60.7)=3.8; p=0.015] for the Neurotoxicity memory subscale, with SLICE
effects showing a significantly lower value for the zonisamide than for the placebo group in
weeks 3 and 4 (i.e. prior to the maintenance dose). The Group-by-Time interaction was also
significant for pairwise comparisons of levetiracetam and the placebo groups for data
obtained on the Neurotoxicity memory subscale [F(3, 92.3)= 3.6; p=0.017], with no SLICE
effects showing a significant between group difference over the treatment period.

The impairment of both verbal and visuospatial working memory in the topiramate and
zonisamide groups were indicated by significant Group-by-Interactions for comparisons
between the placebo group and these medication groups for performance on the Forward
portions of the Spatial and Digit Spans tests, with decreased scores being obtained for the
two anticonvulsant groups while slight elevations were seen for scores for the placebo group
(see Supplemental Table 2, in Supplemental Digital Content 3, http://links.lww.com/JCP).
Additional evidence for topiramate-induced deficits in working memory are indicated by
significant Group-by-Time interactions for comparisons between the placebo group and the
this medication group for both Age Adjusted and Total scores of the Spatial Span and Digit
Span tests. Additionally, a significant interaction was found for the backward portion of the
Digit Span test for the comparison of the topiramate and placebo, which is consistent with
impairment in verbal working memory having been produced by the administration of this
anticonvulsant.

The interaction for comparisons for Total scores for the Audio Visual Learning test were
significant, for both the topiramate and zonisamide groups with reductions occurring in
scores in both groups as compared to those obtained for the placebo group. These results
indicate that these drugs produced impairment of verbal memory. A significant Group-by-
Time interaction was also found for the topiramate-placebo comparison for the total
recognition score for the Rey Complex Figure test, with scores being reduced only for the
topiramate group. This suggests that topiramate may also adversely affect visual memory.
Significant Group-by-Time interactions for comparison with the placebo group on both the
Phonetic and Semantic portions of the COWAT seen for both the topiramate and zonisamide
groups, with scores being decreased in each of these anticonvulsant groups, indicate that
these two medications can impair verbal fluency. Similar results were found for both the
intent to treat and sensitivity analyses of data obtained for the COWAT.

Performance on the Trail Making Test Part B was significantly impaired for the zonisamide
group when compared with the placebo with time to complete the trial being elevated in the
zonisamide group. The Group-by-Time interaction for the Trails B test approached
significance when results were examined for the topiramate group [F(1,18.1)=8.0; p=0.011].
These results for the Trail Making Test are indicative of reductions in executive functioning,
but results obtained for the Stroop and Wisconsin Card Sort tests suggest that either
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topiramate or zonisamide administration do not negatively influence many aspects of
executive function.

No significant Group-by-Time for comparisons between the placebo group and the
levetiracetam group were found for any of the neuropsychological tests that were
administered in this study (see Supplemental Table 3, in Supplemental Digital Content 4,
http://links.lww.com/JCP).

A serious adverse event (SAE) involving a suicide attempt using the study medication
occurred in one subject, who was in the zonisamide group. This SAE, however, was rated as
being only remotely related to the use of zonisamide. One subject in the topiramate group
developed metabolic acidosis. Irritability occurred in a significantly larger proportion of
subjects (24%) who were being treated with topiramate than the proportion for those being
treated with placebo. Irritability was not reported by any of the subjects who were treated
with zonisamide. Also, paraesthesias occurred in 19% subjects who received topiramate
while none were found in subjects who were treated with zonisamide. Unexpectedly, 14% of
subjects in the topiramate group reported problems with erectile dysfunction.

Discussion

The results of the present study demonstrate in AD subjects that, compared to treatment with
placebo, the administration of either zonisamide or topiramate reduced ethanol intake on all
of the three measures of alcohol consumption used, i.e., percent days drinking per week,
drinks consumed per day, and percent days heavy drinking per week. These findings are
consistent with those of previous clinical trials indicating that zonisamide2! and
topiramatel:2:5-57 decrease alcohol consumption in subjects with AUDS. While previous
placebo-controlled studies have failed to show that levetiracetam administration produces a
decrease in alcohol consumption32:33_in the present study this anticonvulsant was found to
significantly reduce the percent days heavy drinking. The factors that may account for the
disparity in these findings remain to be determined.

In the present study, GGT levels were significantly lower at the end of maintenance phase
for the topiramate as compared to the placebo group and there was a significant Group-by-
Time interaction for the pairwise comparison for this group, indicating that topiramate
administration lowered GGT blood concentrations to a greater extent than did placebo. This
finding is consistent with those previously reported for topiramate treatment of alcohol
dependent subjects. In so far as GGT levels can be considered to be a biomarker of alcohol
consumption, they support the self-report data that topiramate significantly reduced alcohol
consumption.

Significant differences were not found in comparisons of GGT concentrations obtained for
either the zonisamide or the levetiracetam groups with those obtained for the placebo group.
For the zonisamide group, in the present study, the value of using GGT as a biomarker for
alcohol consumption is limited because mean concentrations of this enzyme, in contrast to
those obtained for the other groups, were well within the normal range at screening.
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The present study appears to be the first investigation in which the effects of either
topiramate or zonisamide on cognitive function in individuals with AD were assessed using
a full battery of neuropsychological tests. Treatment with either topiramate or zonisamide
was associated with increased difficulty with verbal fluency and verbal working memory. In
the present study, impairment of visual memory was detected in the topiramate, but not the
zonisamide group. Treatment with topiramate did not produce diminished executive
functioning as assessed using the WCST or the Stroop test. There was, however, a trend for
towards decreased performance on the Trail Making Test Part B, which may also assess
aspects of executive function®. Zonisamide administration did produce a decrement in
performance on the Trail Making Test-Part B, suggesting a possible negative impact on
executive function. Executive functioning, however, as measured by the WSCT and the
interference and color-word portions of the Stroop test was not impaired by this drug.

The findings for the A-B Neurotoxicity scale reveal possible differences in subjects' self-
reports concerning their experience of the neurotoxic effects of these drugs. Results for the
mental slowing subscale indicated that mental slowing was found to be worsened only by
the administration of topiramate. Also the SLICE effects analysis showed scores elevated
above placebo group levels only for the topiramate group for both the memory and total
scale scores for the Neurotoxicity scale in the final two weeks of maintenance therapy phase
of the study. These results suggest that topiramate may have adverse neuropsychological
effects in AUDS subjects that are not detected by the cognitive tests used in the present
study.

In contrast to treatment with either zonisamide or topiramate, levetiracetam administration
did not produce any decrements in the performance on the neuropsychological tests used in
this study. This result is consistent with other studies that have shown that levetiracetam
treatment is not associated with cognitive impairment in seizure disorder patients29-30. The
lack of the effects of levetiracetam on cognitive functioning may result from its
comparatively selective actions on the brain, which most importantly may involve binding to
the synaptic vesicle protein S2A61.62

In the present study, total OCDS scores for the topiramate group became lower over the
treatment period than for the placebo group. This is consistent with other findings that
topiramate administration may significantly reduce craving for alcohol as measured by the
OCDS in AD subjects®57, although this was not found in a study in which this
anticonvulsant was received for only 4 weeks®3. In contrast to topiramate, neither
zonisamide nor levetiracetam administration resulted in the significant reduction of total
OCDS scores to below control levels. Nevertheless, as can be seen in Figure 3, mean values
for total OCDS scores for subjects in the zonisamide and levetiracetam groups appear to
decline below levels reached by subjects in the placebo group. Failure to detect significant
differences in scores obtained for the OCDS between placebo and either the zonisamide or
levetiracetam groups, therefore, might be related to the small size of these groups in the
present study.

The neuronal mechanisms through which topiramate and zonisamide act to produce
reductions in alcohol consumption in AD remain to be fully elucidated. One possible

J Clin Psychopharmacol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Knapp et al.

Page 12

mechanism that these two drugs may share to modulate drinking behavior is to counteract
the enhanced excitability that may result from the selective elevation in AMPA, N-methyl-
D-aspartate, and/or kainate receptor subunits seen in the hippocampus, the orbital frontal
cortex and anterior cingulate cortex of AD individuals®465. Topiramate may suppress
alcohol-induced brain excitability through both positive modulatory interactions with
GABA receptors containing f1 or B3 subunits®® and antagonism of kainate receptors
containing the GluK1 subunits87:68, Indeed, a recent report indicates that sensitivity to
topiramate-induced reductions in heavy drinking is associated with the presence of a specific
polymorphism of the kainate receptor GluK1 subunit gene %°. Excitatory glutamatergic
receptor activity may be reduced by zonisamide by the inhibition of the stimulated release of
glutamate’, and by decreasing excitatory post-synaptic potentials through a post-synaptic
mechanism that may involve a diminution in a-amino-3-hydroxy-5-methyl-4-
isoxazoleproprionic acid (AMPA) receptor activity’!. Zonisamide may also reduce brain
excitability by enhancing the activity of gamma aminobutyric acid (GABA) receptor
systems by down-regulating GABA transporter proteins’2.

The sample sizes used in the present study, although sufficient for comparisons between
active medication and placebo, were too small to allow for meaningful between active
medication group comparisons of the proportion of subjects in these groups who
experienced a specific adverse event. Metabolic acidosis occurred only in one patient in the
topiramate group and 19% of subjects in this group experienced paraesthesias. In contrast,
none of the subjects in the zonisamide reported having symptoms of paraesthesia. These
results are consistent with previous studies indicating that problems related to the inhibition
of carbonic anhydrase are more likely to occur in individuals treated with topiramate than
those who have received zonisamide8.

The primary limitation of this study is the small number of subjects included in each
treatment group, which allows for only efficacy comparisons between active drugs and
placebo, but is not powered to detect efficacy differences between the study drugs. Another
limitation of this study is that we did not enroll individuals with the most severe forms of
alcohol use disorders, i.e., those with advanced liver disease, severe neurological
impairment, and/or an inability to maintain abstinence for even a short period of time, and
consequently the value of using the drugs evaluated in the present study in severe forms of
alcohol use disorders needs further study.

The target maintenance doses of zonisamide and topiramate were chosen based on previous
findings219:31, In one prior clinical trial a higher 500 mg daily dose of zonisamide was
chosen for use. This dose also had efficacy in reducing alcohol consumption in AD subjects.
While a 300 mg maintenance of topiramate was administered in the present study, other
investigators report efficacy with 75 and 200 mg daily doses of this drug®6-7.69, |t is
possible that doses of zonisamide lower than 400 mg daily may also have efficacy in the
treatment of AD in association with less cognitive impairment. At present there has been,
however, no systematic comparison of different doses of either zonisamide or topiramate on
alcohol consumption or on cognitive functioning in AD subjects.
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The results of this study provide further support that zonisamide has efficacy as a
medication that can facilitate reduced drinking in individuals with AD. This study has
provided an initial characterization of precise areas of cognitive functioning that may be
impaired by the administration of either topiramate or zonisamide in AD. Both agents
appear to have the potential to produce modest deficits in cognitive function in the areas of
verbal fluency and working memory. Evaluation of patients with the AB-Neurotoxicity scale
indicate that subjects with AUDS experience overall less impairment of cognition when
treated with zonisamide than with topiramate, with the latter drug having more pronounced
effects on mental slowing. The findings of this study leave unresolved the question of
whether zonisamide produces fewer adverse effects related to the inhibition of carbonic
anhydrase than does topiramate. They do, however, point to the value of further
investigation of the many compounds that have been synthesized that are structurally related
to these two drugs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Ethanol consumption for subjects in the levetiracetam (LEV), placebo (PLC), topiramate
(TOP), and zonisamide (ZON) groups. Mean (SE) weekly values are presented for drinks
per day (top) and percent days heavy drinking (bottom) obtained during the prescreening

(Week 0), titration (weeks 1-7), and maintenance phases of the study (weeks 8-12).
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Study Week

Mean weekly values for percent days drinking for subjects in the levetiracetam (LEV),
placebo (PLC), topiramate (TOP), and zonisamide (ZON) groups. These values are
presented for the percent days drinking obtained during the prescreening (week 0), titration
(weeks 1-7), and maintenance phases of the study (weeks 8-12).
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Mean (SE) total OCDS scale scores for each treatment group obtained during the titration

and maintenance phases of the study.
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Figure 4.

Mean (SE) MADRAS (top) and HAM-A (bottom) scale scores for each treatment group
obtained during the titration and maintenance phases of the study.
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Table 1
Subject Description — [Mean (SD) values or count (%) data are presented]
Group Levetiracetam  Topiramate Zonisamide Placebo
N 21 21 19 24
Age (yrs) 475 (10.5) 46.8(105)  47.0(10.0)  46.8(7.3)
Females (%) 9 (42.8) 9 (42.9) 8 (42.1) 11 (45.8)
African American (%) 0 (0) 2(9.5) 1(5.3) 2(8.3)
Asian (%) 1(4.8) 1(4.8) 0(0) 1(4.2)
White 20 (95.2) 18 (85.7) 18 (94.7) 21 (87.5)
Education (yrs) 15.2 (2.4) 15.4 (1.9) 15.6 (2.5) 15.3(2.7)
Full Scale WAS 1133 (11.6)  113.6(126) 1153(8.9) 110.7 (14.0)
AUDIT 23.1(5.2) 24.6 (1.7) 22.1(5.9) 23.7 (4.7)
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