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Abstract Background and aim: Rivastigmine is now widely approved for the treatment of
mild to moderately severe dementia in Parkinson’s disease (PDD). However,
since anticholinergic drugs have a role in the management of tremor in patients
with Parkinson’s disease (PD), concerns have been raised that the use of choliner-
gic drugs might worsen PD. The current analyses were performed to examine the
potential of rivastigmine to affect tremor and other motor symptoms in patients
with PDD.

Methods: The safety profile of rivastigmine was evaluated using a database from
a 24-week, randomized, double-blind, placebo-controlled trial in 541 PDD
patients (362 randomized to rivastigmine, 179 to placebo), and 334 PDD patients
who subsequently entered an open-label 24-week extension on rivastigmine.

Results: During the double-blind trial, the adverse event (AE) of emerging or
worsening tremor was reported in 10.2% of patients in the rivastigmine group,
compared with 3.9% in the placebo group (p = 0.012). Tremor was most
frequently reported during the titration phase of rivastigmine treatment, although
this was not reflected in total motor Unified Parkinson’s Disease Rating Scale
(UPDRS) part III scores. Dose dependence of this AE was not observed. At the
end of the double-blind phase, six (1.7%) rivastigmine-treated patients had
discontinued the study because of tremor. In the open-label extension in which all
patients received rivastigmine, tremor was reported by 6.9% of patients: 3.8% and
12.2% of whom had previously received double-blind rivastigmine and placebo,
respectively (p = 0.006), suggesting that first exposure to rivastigmine leads to a
transient increase in tremor. Three (0.9%) of the 334 patients who entered the
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open-label extension phase discontinued because of tremor. Incidences of worsen-
ing parkinsonism, bradykinesia and rigidity were all <5% in both treatment groups
(all p-values not statistically significant, rivastigmine vs placebo). In the 48-week
observation of rivastigmine treatment, there was no evidence of adverse long-term
motor outcomes. Post-hoc analysis showed that similar improvements in the
symptoms of dementia, including the ability to perform activities of daily living,
were seen regardless of whether exacerbation of tremor was reported during the
study.

Conclusion: Rivastigmine did not induce clinically significant exacerbation of
motor dysfunction in patients with PDD. Rest tremor incidence as an AE was a
transient phenomenon during dose titration of rivastigmine. There was no indica-
tion that exposure to long-term rivastigmine was associated with a worsening of

PD.

Background

Parkinson’s disease (PD) pathology involves
damage to multiple neuronal circuits, including dop-
aminergic, noradrenergic, serotonergic and cholin-
ergic projection systems.!!' A crucial deficit under-
lying PD is depletion of dopamine in the striatum
caused by loss of mid-brain dopaminergic cells,
which is associated with the well recognized motor
symptoms of the condition. In addition, in patients
with PD dementia (PDD), cholinergic deficits have
been shown to occur earlier, be greater in magnitude
and more widespread throughout the brain, com-
pared with Alzheimer’s disease (AD).>*! Evidence
of profound cholinergic deficits in PDD raised the
question whether cholinesterase inhibitors could be
effective in PDD. Early case series and open studies
supported this hypothesis.-8!

However, since anticholinergic drugs have long
had a role in the management of tremor in patients
with idiopathic PD,”! concerns that the use of cho-
linergic drugs might worsen PD have been raised.
However, neurophysiological studies!'®!"! suggest
that the cholinergic-dopaminergic interaction is
complex, and not simply antagonistic. Two major
subcortical cholinergic pathways are affected in
PDD: a basal forebrain-located pathway that ex-
tends from the nucleus basalis of Meynert, the prin-
cipal source of cholinergic innervation to the cor-
tex!!21 and a brainstem-located pathway comprising
primarily the pedunculopontine nucleus that
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projects to the thalamus.!'*'# The anatomical distri-
bution of cholinergic and dopaminergic terminals in
the striatum overlap extensively, and their coordi-
nated activities seem essential for proper function-
ing of the basal ganglia. Cholinergic and dopaminer-
gic systems normally modulate brain function in
complex feed-forward and feedback loops.[S1 A
study in rats showed that a marked elevation of
acetylcholine following cholinesterase inhibition
was associated with a significantly increased release
of dopamine in the medial prefrontal cortex or hip-
pocampus.l'® Dependent upon the local regional
mix of acetylcholine and dopamine dysfunction, it is
possible that cholinesterase inhibitor therapy might
have no effect, a positive effect or a negative effect
on motor functions in patients with PD.

These early clinical and preclinical findings pro-
vided the rational for the first large, double-blind,
placebo-controlled study of a cholinesterase inhibi-
tor, rivastigmine, in PDD.['”! Rivastigmine is a sus-
tained inhibitor of butyrylcholinesterase and
acetylcholinesterase. In a study of 541 patients with
PDD, rivastigmine demonstrated statistically signif-
icant efficacy compared with placebo on all evalu-
ated measures of cognition, including executive
function and attention, activities of daily living and
neuropsychiatric symptoms.!'”l Emergence or wors-
ening of tremor was reported as an adverse event
(AE) in 10% of patients receiving rivastigmine, but
adverse effects on other cardinal symptoms of PD,
such as muscle rigidity and bradykinesia, were rare.
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The current paper describes a retrospective ana-
lysis of this double-blind rivastigmine triall!’! and a
further 24-week, open-label extension,!'8! which
was performed to further evaluate the potential ef-
fects of the drug on motor symptoms in patients with
PDD.

Methods

Trial Design

A detailed description of the methodology of the
double-blind, placebo-controlled, 24-week trial and
its long-term, open-label extension has been pro-
vided elsewhere.[':18] Patients with dementia due to
PD according to the Diagnostic and Statistical Man-
ual of Mental Disorders, 4th Edition (DSM-IV)
criteria’”! were randomly assigned to receive treat-
ment with rivastigmine (Exelon® !, Novartis)
3-12 mg/day or placebo in an assignment ratio of
2 : 1. Rivastigmine was started at a dosage of
3 mg/day and increased at 4-weekly intervals to a
maximum of 12 mg/day. The highest well tolerated
dosage for each patient was maintained during the
final 8-week maintenance period. No changes in
dopaminergic medications or commencement of
new psychotropic medications (except atypical anti-
psychotics for acute psychosis) were permitted
within 4 weeks prior to and throughout the trial. If
clinically indicated, a dose increase was permitted in
patients already treated with atypical antipsychotics
or, in antipsychotic-naive patients, atypical antipsy-
chotics such as clozapine, quetiapine or olanzapine
were to be started at very low doses and increased
gradually.

At the end of the 24-week, double-blind core
trial,l'”! all patients were entitled to enter an open-
label extension study for a further 24 weeks, during
which all patients received rivastigmine.['® All pa-
tients received a starting dosage of 3 mg/day and
were re-titrated to their highest tolerated dosage of
rivastigmine, in order to maintain blinding. Changes
in the dosage of current dopaminergic medications
during the extension study were not recommended,

but they were permitted. All procedures were in
accordance with ethical standards of the responsible
committee on human experimentation and with the
Helsinki Declaration as revised in 1983.

Primary outcomes of the trial were cognitive
performance and clinical impressions of global per-
formance; full efficacy data are reported else-
where.l!7-18] Safety evaluations included recording
all AEs reported during the trial (weeks 1-48). Vis-
its were performed at weeks 0, 4, 8, 12, 16, 20 and
24 during the double-blind phase and weeks 28, 32,
36, 40 and 48 during the open-label phase. The
safety population consisted of all patients who un-
derwent at least one safety measurement after
randomization in the double-blind trial or after entry
into the open-label extension study. AEs were coded
with a standard glossary (Medical Dictionary for
Regulatory Activities [MedDRA], version 7.0).

Changes in symptoms of parkinsonism were as-
sessed with the motor examination section of the
Unified Parkinson’s Disease Rating Scale (UPDRS
part IIN?% at baseline and at weeks 16, 24 and 48.
The Alzheimer’s Disease Cooperative Study — Ac-
tivities of Daily Living (ADCS-ADL) scale?!! was
used to assess daily functioning in the double-blind
trial. ADCS-ADL total and physical scores have
been shown to correlate with motor function in
patients with PDD,??! so this provided an additional
supportive measure on the potential impact of rivas-
tigmine on motor function. Changes in concomitant
dopaminergic and antipsychotic medication were
recorded on the case report form.

In-Depth Analysis of Motor Symptoms

The primary focus of the current analysis was to
further evaluate the frequency of motor symptoms in
PDD patients receiving rivastigmine. Of reported
AEs that were considered potentially related to PD
exacerbation, tremor was the most common!!7-18]
and, therefore, the subject of particular attention in
the current analysis. Prior to completion of the
study, to ensure that all AEs potentially related to an

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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exacerbation of PD were captured, a list of these
AEs was prospectively compiled (table I).

Changes on the ADCS-ADL in patients who
reported tremor were calculated to provide support-
ive clinical information with regard to the impact of
tremor on functional activities.

The incidences and consequences of tremor and
other AEs potentially related to PD were investigat-
ed in subgroups of patients. These subgroups includ-
ed patients with moderate to severe dementia and
patients who, at baseline, had visual hallucinations
and/or were receiving concomitant antipsychotic
therapy. Furthermore, if, during the open-label ex-
tension study, motor function in patients previously
receiving rivastigmine (in the double-blind trial)
was similar to or better than that of patients pre-
viously receiving placebo, this was considered sug-
gestive of a lack of negative drug effect on the

Table 1. A priori list of 22 adverse events of special interest that
may be potentially related to Parkinson’s disease (PD)? and used
for the current analysis

Akinesia

Balance disorder
Bradykinesia

Drooling

Dysarthria

Dyskinesia

Dystonia

Fall

Freezing phenomenon
Gait abnormality
Hypertonia

Hypokinesia

Motor dysfunction
Movement disorder
Muscle rigidity
Musculoskeletal stiffness
On and off phenomenon
PD worsening
Parkinsonism worsening
Rigors

Salivary hypersecretion
Tremor

a These adverse events were usually not thought to be directly
associated with a worsening of PD by the investigators and
could be related to conditions other than an exacerbation of
underlying PD.
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underlying movement disorder (as shown later in the
UPDRS section, both groups experienced similar
changes in dopaminergic medications in the double-
blind study, so such changes were unlikely to con-
found this interpretation).

SAS software version 8.2 was used for all analy-
ses. For baseline characteristic comparability, the
Wilcoxon rank-sum test was used for continuous
variables and the Chi-square test was used for cate-
gorical variables. Numbers of patients who experi-
enced AEs or discontinued because of AEs were
compared between the treatment groups using Fish-
er’s exact test. The Wilcoxon rank-sum test was
used to assess changes from baseline in levodopa
use between treatment groups.

Results

Patients

In the 24-week, double-blind core trial,/'” 541
patients entered the study and 433 completed it
(figure 1). A total of 334 patients entered, and 273
completed, the 24-week, open-label extension
study.[#

Baseline characteristics of all randomized pa-
tients are shown in table IL.'7 No statistically signif-
icant differences between the treatment groups were
observed. The baseline characteristics of the 334
patients electing to participate in the open-label ex-
tension were similar to those of the total core trial
population.['#!

Adverse Events of Special Interest

During the double-blind core trial, all reported
AEs that had been prospectively identified as being
potentially related to exacerbation of PD (table I)
did not appear to combine to form a pattern sugges-
tive of worsening PD (i.e. the study drug did not
appear to contribute to worsening of the underlying
pathological disease state), or to be related to condi-
tions other than PD. Tremor occurred in 37 (10.2%)
patients in the rivastigmine group, compared with 7
(3.9%) patients in the placebo group (p = 0.012)
[table III]. Incidences of worsening parkinsonism

Drug Safety 2008; 31 (1)



Effects of Rivastigmine on Motor Symptoms in PDD

83

541 patients underwent randomization
for the 24-week, double-blind study

Y

362 assigned to
rivastigmine

Y

179 assigned to
placebo

99 prematurely discontinued,
62 (17.1%) due to adverse events

32 prematurely discontinued,
14 (7.8%) due to adverse events

263 (72.7%) completed the
24-week, double-blind study

Y

282 eligible for open-label
trial (including RDO patients)

Y

211 entered open-label
extension
[

147 (82.1%) completed the
24-week, double-blind study

Y

151 eligible for open-label
trial (including RDO patients)

Y

123 entered open-label
extension
J

Y

334 patients entered the 24-week,
open-label extension trial

61 prematurely

\

/

discontinued, 30 (9.0%)
due to adverse events

273 (81.7%) completed the 24-week,
open-label extension trial

Fig. 1. Assignment of patients in studies.['”-'® RDO = retrieved drop out.

and other specific AEs such as bradykinesia and
rigidity were all <5% in both treatment groups (all
p = not statistically significant [NS]).['”! Rivas-
tigmine was not associated with worsening tremor in
patients already reporting this symptom at baseline.
In the open-label extension in which all patients
received rivastigmine (re-titrated from lowest dose
even in patients who had received double-blind
rivastigmine, to preserve blinding), tremor was re-
ported by 6.9% of patients: 8 (3.8%) and 15 (12.2%)
of whom had previously received double-blind
rivastigmine and placebo, respectively (p = 0.006)
[table III].

Figure 2 shows the incidence rates of tremor in (i)
all rivastigmine-treated patients in the double-blind
trial; (ii) rivastigmine- and placebo-group patients

© 2008 Adis Data Information BV. All rights reserved.

who completed the double-blind trial; and (iii) rivas-
tigmine-treated double-blind trial patients who also
completed the open-label extension study (i.e. re-
ceived 48 weeks of rivastigmine treatment). Tremor
was most frequently reported (in 4.6% of patients)
during weeks 8—12 of the double-blind study titra-
tion phase, when patients were scheduled to titrate
from 6 mg/day to 9 mg/day. Of 37 patients who
reported tremor as an AE during the double-blind
study, six discontinued the double-blind trial prema-
turely because of tremor (1.7% of patients in the
rivastigmine group and 0.0% of patients in the pla-
cebo group; p = 0.19).1'"! Other parkinsonian events
were reported in 3.3% of rivastigmine-treated pa-
tients (table III), and discontinuation rates due to
these events were low (1.4%). No single parkinsoni-

Drug Safety 2008; 31 (1)
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Table Il. Baseline characteristics of all randomized patients (n = 541). There were no statistically significant differences between groups at
baseline (Wilcoxon rank-sum test for continuous variables, Chi-square test for categorical variables)

Characteristic

Rivastigmine (n = 362) Placebo (n = 179)

Age in years [mean (SD)]
CNS medications? [n (%)]
antipsychotic agents
levodopa
dopamine agonists
Duration of PD in years® [mean (SD)]
Baseline modified Hoehn and Yahr staging (UPDRS part V) [n (%)]
0

1-2.5
3
4
5
Baseline UPDRS part Ill motor score [mean (SD)]
all patients

tremor-dominant PD patients only®
akinetic-rigid PD patients only®
Duration of dementia in years® [mean (SD)]
Severity of dementia in MMSE score [mean (SD)]
mild PDD (MMSE 18-24) [n (%)]
moderate PDD (MMSE 10-17) [n (%)]
Visual hallucinations [n (%)]¢

72.8 (6.7) 72.4 (6.4)
100 (27.6) 47 (26.3)
346 (95.6) 169 (94.4)
165 (45.6) 83 (46.4)
8.7 (5.7) 9.5 (5.9)
1(0.3) 0 (0.0)
181 (50.0) 85 (47.5)
114 (31.5) 63 (35.2)
51 (14.1) 28 (15.6)
15 (4.1) 2 (1.1)
34.0 (14.6) 32.2 (13.2)
26.0 (14.4) 39.8 (17.6)
34.6 (14.4) 31.7 (12.8)
1.1 (1.3) 1.4 (1.8)
19.4 (3.8) 19.2 (4.1)
253 (71.1) 126 (70.4)
103 (28.9) 50 (27.9)
118 (33.1) 70 (39.1)

a Medications taken within 4 weeks prior to the start of the study.

b Time since first diagnosis by a physician.

¢ Twenty-four and nine rivastigmine- and placebo-treated patients, respectively, had tremor-dominant PD; 138 and 170 rivastigmine-

and placebo-treated patients had akinetic-rigid PD.

d Baseline data on visual hallucinations were available for 536 patients.
MMSE = Mini-Mental State Examination; PD = Parkinson’s disease; PDD = Parkinson’s disease dementia; SD = standard deviation;

UPDRS = Unified Parkinson’s Disease Rating Scale.

an symptom accounted for >0.6% of withdrawals in
either group. Three (0.9%) of the 334 patients who
entered the open-label extension phase discontinued
because of tremor.!'8!

In 12 patients, tremor resolved spontaneously
(based on AE reports; i.e. the worsening or exacer-
bation had ended) with continued use of rivas-
tigmine (9 during the double-blind trial, 3 after entry
into the open-label extension). Among 19 patients
for whom the dose of rivastigmine was decreased
following tremor onset, tremor resolved in 13 (68%)
patients; the other 6 (32%) remained in the study
with persistent tremor. The mean duration of report-
ed emerging or worsening tremor was 12.4 days.
Twenty-one patients experiencing tremor during the
double-blind trial continued into the open-label ex-

© 2008 Adis Data Information BV. All rights reserved.

tension, and 19 of these 21 patients completed the
open-label extension; reasons for patients electing
not to enter the open-label extension were not re-
corded.

Reports of tremor decreased during the extension
study in the group receiving rivastigmine for the full
48 weeks (3.8% during the open-label extension
study, in patients who had received rivastigmine in
the core double-blind trial). However, patients who
were exposed to rivastigmine for the first time
during the open-label extension study (who had
received placebo during the double-blind trial) ex-
perienced more tremor, compared with extension
study patients previously exposed to rivastigmine.
Similar findings were seen with other predefined
AEs of special interest that were potentially related

Drug Safety 2008; 31 (1)
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Table Ill. Numbers (%) of patients reporting predefined adverse events (AEs) of special interest, potentially related to an exacerbation of

Parkinson’s disease (PD), with >2% incidence

AEs reported Double-blind trial

Open-label extension?

double-blind double-blind p-values double-blind double-blind p-values
rivastigmine placebo rivastigmine placebo
(n = 362) (n =179) (n =211) (n =123)
Any predefined 99 (27.3) 28 (15.6) 0.003 28 (13.3) 32 (26.0) 0.005
AE of special
interest
Tremor 37 (10.2) 7 (3.9) 0.012 8 (3.8) 15 (12.2) 0.006
Fall 21 (5.8) 11 (6.1) NS 7 (3.3) 9 (7.3) NS
PD (worsening) 12 (3.3) 2(1.1) NS 7 (3.3) 5 (4.1) NS
Parkinsonism 8 (2.2) 1 (0.6) NS 2 (0.9 0 (0.0) NS
Bradykinesia 9 (2.5) 3(1.7) NS 1(0.5) 0 (0.0) NS

a All patients received rivastigmine in the open-label extension study.

NS = not significant.

to an exacerbation of PD. Reports of these AEs in
rivastigmine-treated patients decreased after com-
pletion of the double-blind trial titration phase and
remained low during the double-blind trial mainten-
ance phase and during the extension study, but
showed a slight increase during rivastigmine dose

re-titration in the extension study.

6 1 Double-blind trial

Open-label extension

Patients (%)
w

Q)‘ b(‘b Q)/\(L)\(L/'\Q))\Q)/(bQ Q/Q/fbb‘%yfib ‘13);:)
Study duration (wk)

—— All rivastigmine-treated patients in the double-blind trial
(n =362)
Rivastigmine-treated patients who completed the
double-blind trial (n = 263)
Placebo-treated patients who completed the double-blind
trial (n = 147)
Patients who completed 48 weeks of rivastigmine
treatment (n = 177)

Double-blind placebo patients switching to rivastigmine
for the extension (n = 123)

Fig. 2. Percentage of patients reporting the adverse event of tremor
over time.

© 2008 Adis Data Information BV. All rights reserved.

In the double-blind core trial, AEs potentially
associated with parkinsonian symptoms were gener-
ally mild or moderate in severity, with only four
severe events in the rivastigmine group (1.1%; one
tremor, two worsening parkinsonism, one muscle
rigidity) and one severe event in the placebo group
(0.6%; one muscle rigidity).

Of rivastigmine-treated patients experiencing tre-
mor as an AE, 21 (57%, compared with 58% of all
rivastigmine-treated patients) entered the extension
study. Of rivastigmine-treated patients who experi-
enced AEs potentially related to an exacerbation of
PD in the double-blind trial, 53 (54%) entered and
47 (89%) completed the extension study. Total dis-
continuations due to these AEs in the extension
study were 1.2%.

Because of the small numbers of tremor-domi-
nant patients at baseline (<15%), findings for this
group are not presented separately, because the sub-
population was considered too small to provide
meaningful or reliable data.

Additional analyses of subpopulations at possible
increased risk for exacerbation of PD gave no indi-
cation that rivastigmine differentially affected these
groups. Patients with mild (Mini-Mental State
Examination [MMSE] 18-24; n = 253) or moderate
(MMSE 10-17; n = 103) dementia at baseline re-
ported emerging or worsening tremor that was not
significantly different between severity groups
(11.1% vs 8.7% for rivastigmine and 4.8% vs 2.0%

Drug Safety 2008; 31 (1)
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Table IV. Effects of baseline antipsychotic use on outcomes (double-blind trial, all randomized patients)

Outcomes measured Antipsychotic users at baseline

Antipsychotic non-users at baseline

rivastigmine placebo rivastigmine placebo
ADCS-ADL score
No. of patients 94 45 239 120
Baseline score 34.9+16.6 34.4+15.0 442 +18.7 43.8+17.7
Change at week 24 -1.2+13.0 -3.5+10.5 -1.1+124 -3.6+10.2
UPDRS part lll score
No. of patients 71 37 192 109
Baseline score 33.9+14.9 32.3+12.9 32.5+13.9 32.6+13.0
Change at week 24 -05+9.3 -1.2+8.9 -0.3+£9.6 -0.1+84
Adverse events [n (%)]
Tremor 8 (7.8) 1(2.1) 29 (11.2) 6 (4.6)
Bradykinesia 4 (3.9) 1(2.1) 5(1.9) 2(1.5)
Muscle rigidity 1(1.0) 0 (0.0) 0 (0.0) 0 (0.0)

ADCS-ADL = Alzheimer’s Disease Cooperative Study — Activities of Daily Living; UPDRS = Unified Parkinson’s Disease Rating Scale.

for placebo in mild vs moderate dementia patients,
respectively), and similar incidences of bradykinesia
(1.6% vs 4.9% and 1.6% vs 2.0%, respectively) and
muscle rigidity (0.4% vs 0.0% and 0.0% vs 0.0%,
respectively). Patients reporting visual hallu-
cinations at baseline (n = 188) and non-hallucinators
(n = 348) also reported similar incidences of tremor
in the rivastigmine and placebo groups (10.2% vs
2.9% in visual hallucinators and 10.5% vs 4.6% in
non-hallucinators, respectively),?3! and similar inci-
dences of bradykinesia (2.5% vs 0.0% and 2.5% vs
2.8%, respectively), and muscle rigidity (0.0% vs
0.0% and 0.4% vs 0.0%, respectively). The use of
antipsychotics at baseline, relative to those not re-
ceiving antipsychotics at baseline, appeared to be
associated with a slightly decreased risk of reported
tremor in both the rivastigmine (7.8% vs 11.2%) and
placebo (2.1% vs 4.6%) groups (table IV). Over the
course of the double-blind study, changes in anti-
psychotic use in the rivastigmine group were com-
parable to those seen with placebo.l'”]

Unified Parkinson’s Disease Rating Scale
Motor Subscale Scores

Despite differences in AE rates between the treat-
ment groups during the double-blind trial, total
UPDRS motor scores were not significantly differ-
ent between the rivastigmine and placebo groups
(p = 0.83), including subscores for tremor items

© 2008 Adis Data Information BV. All rights reserved.

(p = 0.84). Rivastigmine-treated patients showed
similar mean changes from baseline on UPDRS part
IIT scale scores (total, tremor at rest and postural
tremor scores) to patients in the placebo group (table
V). Mean changes in total UPDRS part III scores in
rivastigmine-treated patients in the double-blind and
extension studies were less than the expected annual
change of 1.5-3.3 points reported in community-
based studies*?3 (table V, figure 3). Table VI
shows detailed findings from the UPDRS part III
item scores during the double-blind study. First re-
ports of tremor did not appear to be dose related, but
rather occurred most frequently in patients receiving
rivastigmine <6 mg/day (table VII).

Within a subpopulation (necessarily defined post
baseline) of patients who reported the AE of tremor
during the double-blind trial and also provided
UPDRS scores, rivastigmine-treated patients (n =
27) showed comparable total score changes to the
overall population who received rivastigmine, ex-
cept for more marked deterioration in their ‘tremor
at rest’ sub-item scores. Patients with the AE of
tremor who received placebo (n = 7) showed a large
improvement in UPDRS part III scores (-9.3
points), but this result is difficult to interpret, be-
cause of the small sample size in this group.

In the 48-week observation of rivastigmine treat-
ment there was no evidence that rivastigmine ad-
versely affected the long-term motor outcome. In

Drug Safety 2008; 31 (1)
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Table VI. Mean (+SD) Unified Parkinson’s Disease Rating Scale (UPDRS) part Ill individual item scores at baseline and changes from

baseline at week 242201

UPDRS individual item Baseline scores (week 0)

Change from baseline to week 24 (end of double-blind trial)

rivastigmine (n = 263)

placebo (n = 146)

rivastigmine (n = 263) placebo (n = 146)

Speech 1.6+£0.9 1.5+0.8
Facial expression 1.8+£0.9 1.9+£0.8
Tremor at rest 20+28 1.7+£2.6
Action or postural tremor 1.3+1.4 1.1+15
of hands

Rigidity 6.6+4.0 6.2+3.5
Finger taps 3.3+1.8 3.2+1.6
Hand movement 29+1.6 27+16
Rapid alternating 32+16 3.1%£1.6
movements of hands

Leg agility 3.2+1.9 3.0+1.8
Arising from chair 1.56+1.2 14+12
Posture 1.7+£0.9 1.6+0.8
Gait 1.6+0.9 1.6+0.8
Postural stability 1.5+1.0 1.4+0.9
Body bradykinesia and 2.0+0.9 1.9£0.8

hypokinesia

0.0+0.7 0.1+0.6
0.0+0.8 -0.1+0.8
0.1+2.6 0.0+2.1
-01+1.4 0.0+1.2
-0.3+27 -0.3+3.2
0.0+1.4 -01+1.3
0.0+1.4 01+1.4
00+15 0.0+1.3
-0.1+1.6 0.0+15
0.1+0.9 0.1+0.9
0.0+0.8 0.1+0.7
0.0+0.7 0.0+0.7
0.0+0.38 0.0+0.7
0.0+0.8 0.0+0.6

a Positive change scores indicate worsening of Parkinson’s disease motor symptoms on UPDRS part Ill scale.

fact, ‘delayed start’ analysis showed that patients
who received rivastigmine treatment throughout the
double-blind and open-label extension studies
tended to have superior UPDRS motor scores at
completion of the extension study, relative to pa-
tients who initially received placebo during the
double-blind trial. This trend towards delayed start
worsening was more apparent in patients whose
dementia was more severe at baseline, defined by
lower baseline MMSE scores.

UPDRS part III scores in the subpopulation re-
porting any of the predefined AEs potentially related
to an exacerbation PD during the double-blind trial
showed that baseline scores in this subpopulation
were higher (worse) than those of the overall popu-
lation (table V). Rivastigmine-treated patients in this
subpopulation showed a slight deterioration in their
total and ‘tremor at rest’ sub-item scores and a slight
improvement in the ‘postural tremor’ sub-item
score, during the double-blind study (table V). Pa-
tients who reported these AEs and received placebo
had an improvement in total scores and tremor-
related sub-item scores over the duration of the trial.

© 2008 Adis Data Information BV. All rights reserved.

Alzheimer’s Disease Cooperative Study —
Activities of Daily Living Motor Scale Scores

During the double-blind trial, deterioration was
observed in total ADCS-ADL scores in the rivas-
tigmine and placebo groups at the week-24 end-
point, but decline was significantly less in rivas-
tigmine-treated patients than in patients receiving
placebo (—1.10 vs —3.60; p = 0.023).['" These effects
appeared to be maintained during the open-label
extension, for up to 48 weeks (figure 4). The mean
slight improvement was maintained in the subgroup
of patients with more advanced dementia (MMSE
scores 10—17) at baseline (figure 5).

Table VII. Doses of rivastigmine received by patients reporting their
first adverse event of tremor during the double-blind study

Dose (mg/day) Rivastigmine Placebo  Total
(n = 362) (n=179) (n =541)
<3 10 3 13
>3 t0 6 12 1 13
>6t0 9 6 1 7
>9 to <12 2 0 2
12 7 2 9
Total 37 7 44
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------ Patients receiving rivastigmine in the double-blind
and open-label extension (n = 175)

—— Double-blind placebo patients switching to
rivastigmine for the extension (n = 95)

Study duration (wk)

0 8 16 24 32 40 48

8 o A
5 97
o
2 10 - =
[
5 151 £
= [
< 20+ 3
8 25- £
£ 30- -
E s
% 351

40 -

Double-blind trial

Open-label extension
(all patients on rivastigmine)

Fig. 3. Unified Parkinson’s Disease Rating Scale (UPDRS) part Ill
total scores for all patients completing the double-blind trial and
open-label extension study, based on patients providing data at
each timepoint.

In the subpopulation of patients who reported
tremor during the double-blind trial, ADCS-ADL
scale scores showed an improvement with rivas-
tigmine treatment at week 24 (+1.43 points), while
patients who received placebo showed a decline
(=3.50 points). In this subpopulation, the changes in
mean ADCS-ADL scores in both the rivastigmine
and placebo groups, and the difference between
treatment groups, was at least comparable to that
seen in the overall core study population. The same
was true for a subpopulation of patients with AEs
potentially related to an exacerbation of PD, who
showed changes of —0.90 points in the rivastigmine
group and —3.50 points in the placebo group. Thus,
tremor or AEs potentially related to an exacerbation
of PD did not appear to have a meaningful impact on
functional outcome.

Concomitant Dopaminergic Medications

Reports of tremor and other events potentially
related to an exacerbation of PD in rivastigmine-
treated patients were rarely severe, usually transient
and infrequently led to dose changes of concomitant
dopaminergic medications.

In the double-blind trial, similar numbers of pa-
tients in the rivastigmine and placebo groups re-

© 2008 Adis Data Information BV. All rights reserved.

ceived newly introduced (10.5% vs 9.5%; p = NS)
or increased doses (6.4% vs 4.5%; p = NS) of
dopaminergic medications. Increases in daily doses
from baseline to week 24 were calculated as 17.5 mg
of levodopa in the rivastigmine group and 7.2 mg of
levodopa in the placebo group (p = NS). Consider-
ing that the usual minimum starting dose of levodo-
pa treatment is 375-500 mg/day, these dose in-
creases were not considered clinically significant.

In the subpopulation of patients with tremor,
mean daily doses of levodopa and other dopamimet-
ics increased by 24.9 mg and 8.9 mg (calculated as
levodopa-equivalent doses) in the rivastigmine and
placebo groups, respectively. In the subpopulation
of patients with AEs potentially related to an exacer-
bation of PD, the mean daily dose of levodopa and
dopamimetics in the placebo group was higher than
that in the rivastigmine-treated patients (833.6 mg
vs 665.2 mg; p = NS) at baseline. Figure 6 shows
mean daily doses of levodopa and dopamimetics in
patients who experienced AEs potentially related to
an exacerbation of PD, throughout the double-blind
study. There was no significant change in the mean
doses of levodopa and dopamimetics, particularly in
response to increased incidence rates of AEs poten-

------ Patients receiving rivastigmine in the double-blind
and open-label extension (n = 175)

—— Double-blind placebo patients switching to
rivastigmine for the extension (n = 95)

Open-label extension

Double-blind trial (all patients on rivastigmine)
S (— o R 04

gpof$—mmmm— | @0
35 1
30 1
25 +
20 A
15
10
5 |

ADCS-ADL scores
Improvement

0 8 16 24 32 40 48

Study duration (wk)
Fig. 4. Alzheimer’s Disease Cooperative Study — Activities of Daily
Living (ADCS-ADL) scores for all patients completing the double-
blind trial and open-label extension study, based on patients provid-
ing data at each timepoint.

Drug Safety 2008; 31 (1)



90

Qertel et al.

------ Patients receiving rivastigmine in the double-blind
and open-label extension (n = 43)

—— Double-blind placebo patients switching to
rivastigmine for the extension (n = 24)

Open-label extension

Double-blind trial (all patients on rivastigmine)
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Fig. 5. Alzheimer’s Disease Cooperative Study — Activities of Daily
Living (ADCS-ADL) scores for patients with moderate dementia
(Mini-Mental State Examination scores 10-17) at baseline, who
completed the double-blind trial and open-label extension study,
based on patients providing data at each timepoint.

tially related to an exacerbation of PD that peaked
during weeks 8—12 of the dose-titration period.

There were 177 patients who received a total of
48 weeks of rivastigmine treatment. Amongst these
patients, 4.5% initiated new dopaminergic medica-
tions, indicating that dopaminergic medications
tended to be stable during long-term treatment.
There was a slight increase in mean doses of levodo-
pa and dopamimetics (67.3 mg) in patients who
received double-blind rivastigmine treatment and
who also completed the extension study.

Discussion

The classical hypothesis for tremor alleviation by
anticholinergic drugs in PD is that dopamine inhibi-
tion of acetylcholine effects is reduced in the stri-
atum of PD patients; therefore, the normal choliner-
gic system is operating in relative excess, causing
tremor.?6271 This hypothesis predicts that PD motor
symptoms should worsen with cholinomimetic
drugs such as the cholinesterase inhibitors, and the
data obtained by this study at first glance appear to
offer partial confirmation of this hypothesis. How-
ever, the current analysis suggests that rivastigmine
therapy has no serious effect on motor function in

© 2008 Adis Data Information BV. All rights reserved.

most PD patients. Although increased tremor was
reported by one in ten patients during the double-
blind trial, incidences of other specific AEs such as
bradykinesia and rigidity were less common and
reported in similar rates in the rivastigmine and
placebo groups. Moreover, rest tremor was not a
problem over the longer term, with the majority of
cases appearing to resolve following the completion
of rivastigmine dose up-titration or dose reduction.
These findings were supported by UPDRS part III
motor scores, which showed similar changes from
baseline in the rivastigmine and placebo groups
during the double-blind trial.

Reports of tremor and other less common events
potentially related to an exacerbation of PD were
associated with the week 8-12 titration period (in
the rivastigmine group in the double-blind trial, and
in the former placebo group in the open-label exten-
sion), which corresponded to the scheduled titration
from 9 to 12 mg/day of rivastigmine. Once past this
titration step, newly emergent tremor was less com-
monly reported. These data suggest that the transient
increase in rest tremor under rivastigmine may be
related to the first exposure to and up-titration of this
compound. Decreasing the dose of rivastigmine ap-
peared to decrease or abolish tremor. Moreover,
these events were usually mild, seldom severe (a
single report) and had few meaningful clinical con-
sequences in terms of increases in dopaminergic
therapy, treatment discontinuation or increased

— Double-blind rivastigmine (n = 96)

------ Double-blind placebo (n = 28)
1000 ]
900 P rmmmmm—arT
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0 2 4 6 8 10 12 14 16 18 20 22 2
Baseline Study duration (wk)

Fig. 6. Mean daily dosages of levodopa and dopamimetics in pa-
tients who experienced adverse events potentially due to a worsen-
ing of Parkinson’s disease during the 24-week, double-blind trial.
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motor dysfunction at week 16 or study endpoint
assessments, or impaired performance of activities
of daily living.

PDD is a chronic degenerative disorder with an
expected decline in functional activity. However, in
the double-blind trial, rivastigmine not only pro-
vided a beneficial effect on activities of daily living
relative to placebo in the overall population,''”! but
also showed similar effects in subpopulations who
reported tremor or who reported any of the
predefined AEs potentially related to an exacerba-
tion of PD. Importantly, patients who reported these
events did not have significant overall deterioration
in their PD motor symptoms. Dopaminergic med-
ication intake was stable during long-term treat-
ment. Thus, the decreased incidence of tremor or of
AEs potentially due to an exacerbation of PD seen in
rivastigmine-treated patients during the mainten-
ance phase and extension study does not appear to
be due to increased doses of dopaminergic medica-
tions.

According to the Exelon® product label, more
treatment-emergent tremor was seen in rivas-
tigmine-treated patients with AD than in those re-
ceiving placebo (4% vs 1%). In a recent large,
2-year, randomized, double-blind study, more AEs
of tremor were seen in rivastigmine-treated moder-
ate AD patients with symptoms suggestive of con-
comitant Lewy body disease (12%) than in AD
patients without such symptoms (4.7%).1?®! These
findings are consistent with previous studies of
rivastigmine in patients with PDD or dementia with
Lewy bodies (DLB), in which tremor was the only
parkinsonian symptom to show significant exacer-
bation.[?3"1 More recently, tremor amplitude was
measured using accelerometers in a small study (n =
19) of rivastigmine-treated PDD patients during the
‘on’ state.’!l Accelerometric assessments showed
an increase in average tremor amplitude in the right
hand (p = 0.02), though left-hand tremor was report-
ed not to change. The authors concluded that rivas-
tigmine caused only slight worsening of tremor in
patients with PDD, while improving cognition.3!]
Resting tremor, if exacerbated or emergent, is obvi-
ous to the patient, family, and treating physician.

© 2008 Adis Data Information BV. All rights reserved.

Thus, patients requiring dose reductions, or even
discontinuation of rivastigmine treatment, can be
easily identified, monitored and managed appropri-
ately.

Tremor is believed to have a cholinergic basis,
with anticholinergic agents being used successfully
to control tremor in PD."! The more frequent reports
of tremor associated with rivastigmine are thought
to be due to a symptomatic response to enhanced
cholinergic stimulus and a complex cholinergic-
dopaminergic interaction, especially in the striatum.
This region expresses acetylcholinesterase predom-
inantly over butyrylcholinesterase,3?! although it is
fed by a number of feedback loops from other brain
regions in which butyrylcholinesterase may be pre-
dominantly expressed.!*3 The current trial evaluated
rivastigmine, a dual inhibitor of both acetylcholines-
terase and butyrylcholinesterase. In another random-
ized controlled trial of the acetylcholinesterase-in-
hibitor donepezil (n = 550), about 7% of patients
with PDD reported tremor.?¥ Probably both
acetylcholinesterase and butyrylcholinesterase con-
tribute to elevations in acetylcholine that, in turn,
lead to increased tremor. The severity of the motor
impairment in PD is correlated with cognitive im-
pairment.33! However, tremor in particular has little
association with cognitive decline,’*%3 and there is
no evidence that increased tremor is associated with
the progression of bradykinesia, rigidity or the over-
all motor disability, symptoms that have themselves
been associated with progression of PD.[4!

Patients who received placebo from the begin-
ning of the double-blind trial did not do as well on
assessments of motor symptoms (UPDRS part III)
or functioning (ADCS-ADL) in the open-label ex-
tension as patients who received rivastigmine from
the beginning. Thus, the ‘delayed start’ analysis
showed that patients who received rivastigmine-
treatment throughout the double-blind and extension
studies tended to have better motor symptom scores
at the completion of the extension study, relative to
patients who initially received placebo in the doub-
le-blind trial. The worsening in the placebo group
was more apparent in PDD patients with moderate
dementia. Thus, there was no evidence to suggest

Drug Safety 2008; 31 (1)
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that rivastigmine increased the progression of motor
disability of PD.

Rivastigmine is currently the only agent ap-
proved by regulatory agencies for the treatment of
PDD, and therefore this is a timely and important
review of long-term safety and tolerability. Other
cholinesterase inhibitors have also demonstrated
cognitive benefits in PDD. A small study (n = 7)
using tacrine (another inhibitor of both
acetylcholinesterase and butyrylcholinesterase) pro-
vided the first evidence of cognitive benefits in this
population.! Subsequently, two small studies (n =
14 and 22) suggested that the acetylcholinesterase-
inhibitor donepezil may provide cognitive benefits
in patients with PDD,*!4?] although a larger (n =
550), double-blind, placebo-controlled study of
donepezil in PDD patients failed to reach statistical
significance on its primary cognitive endpoint, the
Alzheimer’s Disease Assessment Scale-cognitive
subscale (ADAS-cog).’¥ Safety and tolerability
data from this larger donepezil study are not yet
publicly available. However, available data suggest
that the use of cholinesterase inhibitors may offer
clinical benefits in many PDD patients, and may
encourage the use of licensed agents in this condi-
tion.

The current analysis is limited by its post-hoc
nature, and the findings must therefore be inter-
preted with caution. Patients were allowed to take a
range of concomitant drugs, reflective of normal
clinical practice. However, some psychotropic drugs
are known to impact motor symptoms,[*¥ and these
effects were not controlled in the current analyses
(changes in antipsychotic use in the rivastigmine
group were comparable with those seen with place-
bo, and therefore this was not considered necessary).
Early discontinuations due to AEs may have had the
potential to bias the results. It is feasible that patients
withdrawing from the study due to AEs may leave a
population of patients better able to tolerate rivas-
tigmine and therefore bias the tolerability data in
favour of rivastigmine in remaining patients. This
may be particularly true in long-term studies in
which patients less able to tolerate treatment are
more likely to discontinue at an earlier stage. The
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fact that the reasons for some patients not entering
the open-label extension phase were not recorded
may also limit interpretation as it is not known
whether these reasons might bias the results. In
addition, a possible worsening effect on the UPDRS
motor subscale may have been masked by the level
of variance in scoring. A large number of centres
participated in the study, and this may have contrib-
uted to the large standard deviations seen on this
assessment. Nevertheless, the UPDRS scores pro-
vide the most comprehensive data to date on the
effects of a cholinesterase inhibitor on motor symp-
toms in a well defined, prospectively studied popu-
lation of patients with PDD. The patients taking part
in this study were carefully selected, with at least a
2-year delay (mean 6.8 years) between the diagnosis
of PD and the onset of symptoms of dementia, to
differentiate them from patients with DLB. A range
of concomitant medications were permitted, as were
various concurrent illnesses.

Conclusions

In conclusion, although emergent or worsening
tremor was reported in approximately one in ten
rivastigmine-treated patients during the double-
blind trial, a 2- to 3-fold higher rate than in the
placebo group, rivastigmine did not induce clinical-
ly significant exacerbation of motor dysfunction in
patients with PDD. Emerging or working rest tremor
as an AE was usually a transient phenomenon
during up-titration of the drug, did not result in
substantially increased use of dopaminergic med-
ication, and resulted in few discontinuations. In par-
ticular, the AE of tremor in rivastigmine-treated
patients was not reflected in worse overall UPDRS
motor scale scores, although slight deterioration was
seen on the resting tremor item. Similar improve-
ments in the symptoms of dementia, including the
ability to perform activities of daily living, were
seen regardless of whether exacerbation of tremor
was reported during the study. There was no indica-
tion that long-term exposure to rivastigmine was
associated with a worsening of PD. When treating
PDD patients with rivastigmine, clinicians should
remain vigilant, especially at the time of rivas-
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tigmine initiation and dose titration. However, the
risk of a clinically significant exacerbation of motor
symptoms, notably tremor, appears to be low.
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