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Abstract: Zonisamide is an anti-epileptic medication with multiple mechanisms of action
and a favorable safety profile. Zonisamide may interact with Lewy body dementia patho-
physiology through a mechanism unrelated to its original indication. Zonisamide has shown
efficacy as adjunct therapy for the management of motor symptoms in patients with
Parkinson’s disease (PD). Given that dementia with Lewy bodies (DLB) and PD are
considered subtypes of a Lewy body disease spectrum, zonisamide was investigated for
the treatment of parkinsonism in DLB. Phase II and phase III clinical trials were conducted
in patients with DLB in Japan. In both studies, participants were randomized to receive 12
weeks of zonisamide 25 or 50 mg/day or placebo. Zonisamide significantly improved the
Unified Parkinson’s Disease Rating Scale Part III (UPDRS-III) without affecting the Mini-
Mental State Examination (MMSE) or Neuropsychiatry Inventory-10 (NPI-10) scores at
week 12. In 2018, zonisamide received Japanese regulatory approval for the additional
indication of parkinsonism in DLB. This review discusses the emerging clinical data on
zonisamide in the field of DLB.
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Background

Current symptomatic management of dementia with Lewy bodies (DLB) in clinical
practice remains suboptimal. There are currently no FDA-approved medications for
the treatment of DLB in the USA. Therefore, clinicians prescribe off-label medica-
tions which are approved for Alzheimer’s disease, Parkinson’s disease (PD), or
other neurobehavioral diseases to ameliorate the symptoms of DLB.'

Donepezil has been on the market for Alzheimer’s dementia for a long time and
received Japanese regulatory approval for the management of cognitive changes in
patients with DLB in 2014. Management of parkinsonian symptoms, a core feature
of DLB, is widely based on levodopa therapy. The use of other anti-parkinsonian
agents is limited because of their possible adverse effects on cognition and beha-
vior. Parkinsonism in DLB can be partially responsive to levodopa but there
remains an increased risk of worsening psychiatric symptoms. The response may
be mild to moderate in some patients, but the total daily dose given to DLB patients
is limited, owing to the risk of exacerbation of visual hallucinations or other
behavioral symptoms.®

The lack of therapeutics may be partially due to the scarcity of clinical trials on
DLB. Aside from donepezil, there had been no successful phase III clinical trials
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for DLB until 2018, when zonisamide, a compound initi-
ally synthesized as an anti-epileptic agent, was shown to
have therapeutic benefit in the management of parkinson-
ism in patients with DLB.*

Zonisamide in Current Clinical

Practice

Zonisamide is a mixed monoamine oxidase B (MAO-B)
inhibitor, sodium and calcium channel blocker, glutamate
release inhibitor, and carbonic anhydrase inhibitor, with
a relatively long elimination half-life of approximately 63
hours in plasma.’ It was initially approved as adjunct
therapy for partial seizures in adults in 1989 in Japan
and 2000 in the USA.>® The initial dose for treatment of
seizures in adults is 100 mg daily, with a gradual increase
of 100 mg/day at 2-week intervals to a dose of 400 mg/
day. Doses up to 600 mg/day have been used, but there is
no suggestion of increased efficacy in doses above
400 mg/day.’

In Japan, 1008 patients participated in phase II and
phase III trials of zonisamide for seizure.” Adverse effects
were observed in 52% of patients. Major adverse effects
were drowsiness (24%), ataxia (13%), loss of appetite
(11%), gastrointestinal symptoms (7%), decrease in spon-
taneity (6%), and mental slowing (5%).” In a meta-
analysis of six clinical trials, including patients between
12 and 80 years of age, there were no statistically signifi-
cant adverse effects associated with zonisamide.® Most of
the adverse events related to withdrawal from the study
were dizziness, difficulty concentrating, and somnolence.®
Zonisamide is licensed in the USA for adjunct therapy of
partial seizures in adults. In Japan and Europe, its use has
expanded to both monotherapy and adjunct therapy for
focal and generalized seizures.”® Owing to its multiple
mechanisms of action, the therapeutic use of zonisamide
for a variety of neurological disorders, including PD,’

o1 anxiety,12 essential tremor,'® and other neu-

migraine, '’
rological conditions, has been investigated over the past

few years, with mixed results.

Zonisamide in Animal Models of

Parkinsonism

In an early study, when zonisamide was coadministered
with levodopa to a nigrotomized rat, a significant increase
in contralateral rotational behavior (referring to behavior
exhibited by a turned rat in order to return to the upright
position) was noted within 20 minutes of injection.'*

Zonisamide significantly suppressed chemically
induced tremors in rats. The researchers reported similar
experiences when dopaminergic transmission was blocked
by pretreatment with haloperidol or monoamines were
depleted by pretreatment with reserpine.'> Neither of
these pretreatments changed the outcome of the experi-
ment and zonisamide maintained the anti-tremor benefit,
suggesting a non-dopaminergic mechanism of action.'”

In a study of hemiparkinsonian rat models, zonisamide
was coadministered with levodopa (a dopamine precursor)
or apomorphine (a dopamine agonist) or by itself.
Zonisamide given intravenously enhanced the benefit of
levodopa therapy on motor symptoms, but not when coad-
ministered with apomorphine or by itself. The authors
concluded that the anti-parkinsonian benefit of zonisamide
is due to dopaminergic modification in the striatum rather
than non-dopaminergic pathways.'®

Zonisamide was shown to increase the levels of dopa-
mine and homovanillic acid in the striatum intracellularly
and extracellularly in rats, and had no effect on dopamine
reuptake.'” Different anti-parkinsonian mechanisms of
action for zonisamide have been hypothesized: as reversi-
ble inhibition of MAO-B'® and enhancing delta receptor-
associated neurotransmitter release.'” Zonisamide has
been proposed to have neuroprotective potential against
oxidative stress and dopaminergic neurodegeneration in
animal models, and different hypotheses have been

proposed.?® %2

Zonisamide in Human Clinical Trials

of Parkinson’s Disease

In 2001, a Japanese group reported improvements in wear-
ing-off episodes and other parkinsonian symptoms in
seven out of nine patients when zonisamide was given as
an adjunct to levodopa therapy.?®> Their open-label study
was designed after an observation of zonisamide given to
a PD patient with seizures, which improved not only the
seizures, but also his parkinsonian symptoms. A double-
blind study of low-dose zonisamide (25, 50, 100 mg) as an
adjunct with levodopa in PD patients reported similar
improvement in their primary outcome of Unified
Parkinson’s Disease Rating Scale Part III (UPDRS-III)
without worsening dyskinesias.” Adverse effects were
similar between the low-dose (25 mg and 50 mg) and
placebo groups, while there was a higher incidence of
side effects in the 100 mg group, especially somnolence
and apathy. Since then, a few clinical trials have assessed
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Table | Characteristics of Published Double-Blind, Randomized Placebo-Controlled Trials of Zonisamide for Treatment of Motor

Function in PD and DLB

Study Trial Patients | n Duration | Zonisamide | Primary Endpoint Other Results
Information Dose Outcome
Scales
Murata Phase IIb/1ll PD 347 | 12 weeks | 25 mg, 50 mg, | Change from baseline | UPDRS-I, “Off” time significantly
(2007)9 100 mg in the total score on UPDRS-II, reduced in 50 mg and
the UPDRS-III UPDRS-IV, 100 mg groups.
H&Y score | No difference in
dyskinesia.
Reduction in UPDRS-III
score in all arms, but only
significant for 25 and
50 mg groups
Murata Phase IIb/IlI PD 389 | 12 weeks | 25 mg, 50 mg | Change from baseline | UPDRS-I, “Off” time reduced.
(2015)*” in daily “off” time by UPDRS-II, Somnolence was higher
patient’s diaries UPDRS-III, for zonisamide 25 and
UPDRS-IV, 50 mg groups.
PDQ-39 No significant difference in
UPDRS
Murata Phase llI PD 196 | 12 weeks | 25 mg, 50 mg | Change from baseline | UPDRS-I, Improvement in UPDRS-III
(2016)* | JapicCTI- in the UPDRS-III total | UPDRS-I, in 25 mg and 50 mg
101198 score at the final UPDRS-IV groups.
assessment No significant difference in
adverse effect.
“Off” time reduced
significantly only in 25 mg
group
Murata Phase I DLB 137 | 12 weeks | 25 mg, 50 mg | Change from baseline | MMSE, Significant improvement in
(2018)*® | JapicCTI- in the UPDRS-IIl total | NPI-10, ZBI | UPDRS-IIl score in 50 mg
122040 score at the final group.
assessment AEs were higher in the
zonisamide 50 mg than the
25 mg and placebo groups
Murata Phase llI DLB 346 | 12 weeks | 25 mg, 50 mg | Change from baseline | MMSE, Significant improvement in
(2020)* | JapicCTI- in the UPDRS-IIl total | NPI-10 UPDRS-III score in 25 mg
152839 score at the final and 50 mg groups.
assessment No difference in
AEs except decreased
appetite in 50 mg group

Abbreviations: PD, Parkinson’s disease; DLB, dementia with Lewy bodies; UPDRS, Unified Parkinson’s Disease Rating Scale; MMSE, Mini-Mental State Examination; n,
number of participants; ZBI, Zarit Burden Interview; NPI, Neuropsychiatric Inventory; AE, adverse event.

the efficacy of zonisamide®* as an adjunct treatment for
PD (Table 1). A meta-analysis of four combination thera-
pies with zonisamide treatment for PD patients revealed
decreases in UPDRS-III scores and wearing-off time in the
zonisamide group compared to placebo.”*

In 2009, zonisamide was approved in Japan as adjunct
therapy with levodopa for the treatment of PD.?

The Movement Disorder Society Evidence-Based
Medicine Committee has included zonisamide as
a clinically useful and efficacious treatment for adjunct
therapy in early/stable PD and motor fluctuations.® The
committee concluded that there was insufficient evidence
to support the use of zonisamide for the treatment of

dyskinesia.
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Zonisamide in Human Clinical Trials

of DLB

Given that DLB and PD are considered subtypes of the
Lewy body disease spectrum, zonisamide was investigated
for the treatment of parkinsonism in DLB. A case series
reported that zonisamide improved parkinsonism without
worsening cognition in patients with DLB.?’

Randomized Placebo-Controlled
Phase Il Study

In 2018, the results of a randomized phase II clinical trial
of zonisamide as an adjunct to levodopa therapy for par-
kinsonism in DLB were published28 (Table 1). In that
study, 158 patients in an ecarly stage of DLB received
zonisamide as adjunct therapy in three arms of 25 mg,
50 mg, and placebo in a 12-week phase II trial.>® Major
inclusion criteria were the presence of parkinsonism
(UPDRS-III score >10) and a Mini-Mental State
Examination (MMSE) total score of 10-26.2%°

There was a significant improvement in UPDRS-III
total score at week 12 in the zonisamide 50 mg group
compared with placebo. The UPDRS-III score was also
significantly lower by week 8. There was no significant
difference between zonisamide 25 mg and placebo. The
total score for secondary outcomes of MMSE,3° NPI-10,3 !
and the Zarit Burden Interview (ZBI),*> which measures
the perceived burden of caregiving, did not change sig-
nificantly from baseline in any group. Weight loss, dimin-
ished appetite, and rash were reported more frequently in
the zonisamide than the placebo group. The overall
adverse events rate was comparable between zonisamide
25 mg and placebo, but higher for zonisamide 50 mg.?*

Randomized Placebo-Controlled
Phase Il Study

A multicenter phase III trial was conducted in Japan
between 2015 and 2017 to assess the effect of zonisamide
on parkinsonism in patients with DLB who were on
a stable dose of levodopa therapy. The participants
received zonisamide (25 or 50 mg/day) or placebo for 12
weeks followed by a 40-week open-label extension.* Both
treatment arms met the primary outcome of improvement
in UPDRS-III score” at week 12 compared to placebo.
Among the items on UPDRS-III, resting tremor was the
only item which showed significant improvement com-
pared to placebo in both 25 and 50 mg groups.

The major secondary outcomes were UPDRS-III score
at weeks 4 and 8, the change from baseline at week 12 in
Neuropsychiatry Inventory-10 (NPI-10)>' score and
MMSE?® total score. There was a non-significant trend
for the NPI-10 score®' to have decreased in both zonisa-
mide treatment groups compared to placebo.

A decrease in UPDRS-III score was observed in all
arms of the study (placebo and zonisamide groups) at
week 4. That remained unchanged in the placebo group
but continue to decrease for both 25 and 50 mg treatment
groups. There was a significant difference in the change in
MMSE score in the 50 mg group compared with placebo.
The most common adverse events for which a causal
relationship with zonisamide could not be ruled out were
diminished appetite and somnolence.”

All 346 patients who participated in the open-label
phase,*® after the double-blind phase III study, received
25 mg/day zonisamide over 2 weeks and then flexible
dosing (25 or 50 mg/day) depending on the patient’s con-
dition in a 40-week extension phase. The results of the
open-label extension phase were presented in 2019; zoni-
samide led to a continued reduction in UPDRS-III until
24-28 weeks, which was maintained until the final evalua-
tion visit without any significant decline in cognition
(MMSE score change) or behavioral changes (NPI-10).>*

Weight loss and diminished appetite have been
recorded in both pivotal trials of zonisamide in DLB
patients.**® Loss of appetite was more frequent in the
50 mg arm of the study.**

The investigators in the phase III trial concluded that it
is important to emphasize that dose of 100 mg and above,
which are traditionally used for seizures, were not used for
DLB patients, as patients with PD who received zonisamide
doses of 100 mg/day showed significant worsening of their
neurocognitive symptoms in the initial clinical trials.

In the phase III trial of DLB,* the mean MMSE score
at week 12 was significantly decreased from baseline in
the 50 mg arm of the study. In 2018, zonisamide received
Japanese regulatory approval for the additional indication
of parkinsonism in DLB.** The decision was based on the
phase III trial, which showed that zonisamide 25 mg and
50 mg improved motor symptoms, with a good safety
profile. The new indication was treatment of parkinsonism
persisting in patients with DLB using levodopa.*’

Discussion
Four clinical trials of PD patients and both phase II and phase
II trials of DLB patients, who received zonisamide as
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adjunct therapy to levodopa, reported significant improve-
ment in motor functions (Table 1). The mean doses of levo-
dopa therapy in the two randomized clinical trials on DLB
were low, 319 mg/day in the phase II trial and 254 mg/day in
the phase IIT trial.**® Using the higher dose of levodopa in
patients with DLB may increase the risk of visual hallucina-
tions or behavioral symptoms. The benefit of zonisamide on
parkinsonism was moderate at best, but was achieved with
a relatively low daily dose of levodopa, which could be an
alternative to increasing the levodopa dose.

In a previous study, an increase in the dose of levodopa
in DLB patients provided motor benefit without exacerba-
tion of psychosis in only 22% of patients.®> Phase II/III
trials of zonisamide provided this evidence of improve-
ment in motor symptoms without worsening psychiatric
symptoms in 61.5% and 50.5% of DLB patients on 25 mg
and 50 mg doses, respectively.*

A number of questions remain, however, which must
be addressed in future clinical trials.

First, the possible adverse effect of zonisamide on
cognition in DLB could be underestimated by these
phase II/III trials. The average MMSE score at baseline
was 21.7 in the phase III trial,* suggesting a milder
stage of dementia. It was noted that the MMSE score
decreased significantly from baseline in the 50 mg
group at week 12, but was not reported in the open-
label extension. The use of the MMSE in isolation
helps to assess the severity of dementia but may not
be the ideal primary outcome to capture cognitive
changes in DLB patients in a trial. The adverse effect
of mental slowing, which was reported in patients with
epilepsy, may present in DLB patients if they are in
more advanced stages or taking medication in higher
doses or for a longer time.” There is an age-related
decline in cognitive function in the general
population.*® DLB is predominantly a disease of the
elderly, and zonisamide carries certain risks in the
elderly which warrant additional caution.

Second, both double-blind studies were conducted over
a relatively short period of 12 weeks, so the efficacy and
adverse effects of the medication when it is given for
a longer duration remain to be seen. The publication of
the open-label extension of the phase III trial may add
more information.

Third, it remains to be known whether the benefit
provided from zonisamide was beyond what could have
been achieved by a slight increase in the dose of levodopa.
Zonisamide may be considered in DLB subjects who

cannot tolerate an increase in the dose of levodopa because
of gastrointestinal side effects or the development of hal-
lucinations. The investigators in the two trials reported
a low incidence of psychiatric adverse events and no
evidence of a dose-dependent effect, but the number of
adverse events was slightly higher in the 50 mg group and
a 100 mg dose, which has been shown to cause worsening
cognition in PD patients, was not used.

Finally, the risk—benefit ratio of zonisamide as adjunct
therapy for DLB is not known. The relatively common
side effect of loss of appetite may add an unjustified
burden for patients and their families. There is no evidence
that the slight improvement in UPDRS-III score with
zonisamide can be translated into an improvement in the
quality of life for patients or even caregivers, as no differ-
ence in ZBI score was noted. None of these trials applied
functional outcome or quality of life measures.

Zonisamide may be a safe and effective adjunct to
levodopa for the management of parkinsonism in DLB.
The therapeutic benefit is mild and the maximum dose
may be limited owing to the effects on cognition. Further
studies should include more sensitive assessment of cogni-
tion and the effects on quality of life and functional
impact.
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