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Cholinesterase (ChE) inhibitors, which prevent the hydrolysis of acetylcholine, have
been approved for the symptomatic treatment of Alzheimer's disease (AD) for over
a decade. However, the first ChE inhibitors were associated with a high incidence of
side-effects and general tolerability concerns, including hepatotoxicity. Side-effects
associated with increased cholinergic activity, particularly in the gastrointestinal (GI)
system, can prevent patients from achieving effective doses of drug. In addition, the
advanced age and frail nature of patients with AD mean that poor tolerability is a
serious concern. The potential for drug—drug interactions is also an important con-
sideration, due to the high prevalence of comorbid disease in these patients.

Data both from clinical trials and studies in routine clinical practice have shown
that donepezil is associated with a low incidence of Gl adverse events (AEs) that is
comparable with placebo. Donepezil is a potent, selective inhibitor of acetylcholinest-
erase, and selective inhibition of central as opposed to peripheral ChEs might be
expected to reduce the incidence of AEs, thus this may explain the lower incidence
of cholinergic AEs observed following treatment with donepezil, compared with
nonselective ChE inhibitors.

There are no differences in cardiovascular AEs, including bradycardia, between
placebo and donepezil groups in the clinical trials published to date, even in a very
sick vascular dementia population with high rates of comorbidity and concomitant
medication use.

Data from single- and multiple-dose studies of donepezil in patients with hepatic
impairment and with moderately to severely impaired renal function indicate that
donepezil is safe and well tolerated in these groups. Furthermore, both in vitro and
clinical studies have shown that donepezil is not associated with drug—drug interactions.

The incidence of weight loss is very similar between donepezil- and placebo-treated
patients. Although insomnia and other sleep disorders have been reported following
administration of donepezil, lengthening the time period before increasing the dose
of donepezil from 5 to 10 mg day™' or switching to morning dosing can reduce these
events to the levels of placebo-treated patients.

Over 770 million days of patient use and an extensive publication database
demonstrate that donepezil has a good tolerability and safety profile.

Introduction

The tolerability of any new drug has a major
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(AEs) and other concerns, including hepatotoxic-
ity [1-5].

Poor tolerability is especially relevant for elderly
patients, because physiological changes associated with
ageing can affect the pharmacokinetics (PK) and phar-
macodynamics of medications [6]. Of course, elderly
patients are often afflicted with a wide array of medical
conditions [7], and the inevitable polypharmacy in these
patients increases the potential for drug—drug interac-
tions. A reluctance to add to this polypharmacy may
limit the use of novel medications in older patients.

Donepezil, a piperidine-based, reversible and specific
inhibitor of acetylcholinesterase (AChE), was the sec-
ond ChE inhibitor to receive regulatory approval for the
symptomatic treatment of mild to moderate AD. Unlike
other ChE inhibitors, donepezil has a long half-life,
allowing once-daily administration [8, 9]. Although
there is a recommended simple one-step titration, treat-
ment begins with an effective dose of 5 mg day™ [10—
14]. Since the approval of donepezil, two additional ChE
inhibitors (rivastigmine and galantamine) have also been
approved for the treatment of mild to moderate AD.

Limited published data at the time of the approvals of
the ChE inhibitors led to speculation that these symp-
tomatic treatments demonstrated modest efficacy [15],
and this may have initially resulted in a reluctance to
use them. However, clinical trials have consistently
demonstrated that ChE inhibitors provide benefits in
patients with AD; and a wealth of published evidence is
now available that demonstrates the efficacy of these
agents in reducing the cognitive, functional and behav-
ioural symptoms of AD in the long term, with postpone-
ment of dependency, including the need for skilled
nursing care [10-14, 16-25].

Recently, the NMDA-receptor antagonist, meman-
tine, has been approved in the European Union and the
USA for use in patients with moderately severe to severe
AD. Memantine may be used as add-on therapy to
donepezil.

ChE inhibitors and cholinergic adverse events
Cholinergic nerves are found throughout the human
body, suggesting that inhibition of ChE is likely to have
effects on a number of tissues and organs. Following
initial experience with the first AChEs, tolerability was
clearly an important consideration in the development
of new ChE inhibitors for AD in order to improve
compliance.

Rapid dose titration

The occurrence of the most common cholinergic AEs
(e.g. nausea, diarrhoea, insomnia, vomiting, asthenia/
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fatigue and anorexia) is most pronounced in the first
few weeks after initiating treatment, and most pivotal
clinical trials typically use forced titration schedules
[12, 18, 20]. For example, during the pivotal trials of
donepezil, patients randomized to donepezil 10 mg
day™' received donepezil 5 mg day™' for the first 7 days
and then 10 mg day™' thereafter. In these studies, AEs
such as nausea and diarrhoea were reported by 21%
and 16% of patients treated with donepezil 10 mg
day’l, respectively, vs. 6% and 4% for placebo [26].
Subsequent trials have suggested that the incidence of
AEs can be reduced by lengthening the period of time
patients receive the lower 5 mg day™' dose before the
higher, and more effective, 10 mg day™ [14] dose is
initiated, with nausea reported by 11% and diarrhoea
by 7% of patients treated with donepezil 10 mg day™
titrated up after 28 days on 5 mg, vs. 9% and 7%,
respectively, for placebo [22].

Selective inhibition of central cholinesterases

Selective inhibition of central as opposed to peripheral
ChEs might be expected to reduce the incidence of AEs
associated with ChE inhibitors. The centrally and
peripherally mediated cholinergic effects of selective
inhibitors of AChE (such as donepezil) and of nonselec-
tive inhibitors of both AChE and the predominantly
peripherally acting butyrylcholinesterase (BuChE)
(such as tacrine and rivastigmine) have been compared
in preclinical studies [27, 28]. These effects may indi-
cate the mechanism that explains the lower incidence of
cholinergic AEs observed following treatment with
selective AChE inhibitors, vs. nonselective ChE inhibi-
tors [3, 4, 29-35]. Donepezil is the most potent and
selective inhibitor of AChE currently available for the
treatment of AD, being over 1252 times more selective
for AChE than for BuChE [36].

Pharmacokinetic properties of ChE inhibitors
Pharmacokinetic differences between ChE inhibitors
may affect their plasma concentrations and influence the
incidence and severity of AEs. Certainly, serum concen-
trations of tacrine have been observed to predict the risk
of AEs [37]. In addition to absolute concentration, rapid
fluctuations and rising concentrations as in the initial
titration may also be important determinants of cholin-
ergic AEs [38]. If confirmed, these factors may contrib-
ute to the reduced incidence of AEs seen with donepezil
vs. rivastigmine [29].

Gastrointestinal adverse events
The presence of cholinergic innervations in the para-
sympathetic nervous system means that the GI system



is most commonly affected by the administration of
ChE inhibitors. Enhancement of cholinergic neuro-
transmission increases intestinal propulsion [39] and
the secretion of hydrochloric acid, which is controlled
by cholinergic vagal postganglionic fibres [40].
Indeed, the peripheral cholinergic origin of GI AEs
associated with the ChE inhibitor tacrine was demon-
strated in an early trial, when the use of glycopyrrolate
(an antimuscarinic drug that does not enter the central
nervous system) ameliorated its GI and other side-
effects [41].

The low incidence of GI AEs following the use of
donepezil in routine clinical practice has confirmed the
good tolerability profile observed in earlier pivotal clin-
ical trials [11-13]. For example, in one open-label study
where patients were treated with donepezil 5 mg day™'
for 6 weeks in a clinical practice setting, the incidences
of nausea and diarrhoea were 10% and 6%, respectively
[42]. These results are similar to those reported for a
pivotal clinical trial of donepezil 5 mg day™', where inci-
dences of nausea and diarrhoea were 4% and 9%,
respectively, compared with 4% and 7%, respectively,
for placebo [12]. A further clinical practice study indi-
cated that AEs, which generally occurred within the first
few weeks of treatment, were of mild to moderate inten-
sity, and tended to resolve without the need for dose
modification [43]. In a German postmarketing surveil-
lance study, the tolerability of donepezil was rated by
physicians as ‘very good’ or ‘good’ in more than 90%
of the 1989 patients assessed [44]. Low drop-out rates
due to AEs (5-6%) were reported in this study, in a large
multinational experience trial [45], and in a large com-
munity-based trial [46].

Despite the wide availability of tolerability data from
trials of ChE inhibitors [10-14, 16-20], it is not possible
to draw definitive and scientifically valid conclusions
regarding the tolerability of one ChE inhibitor compared
with another from individual placebo-controlled trials
that may have different population characteristics.

Two 12-week, open-label, comparative trials of don-
epezil vs. rivastigmine [29] and donepezil vs. galan-
tamine [47], designed to reflect the typical clinical
experience, were conducted in accordance with the rec-
ommended dosing regimens from the respective product
labelling available at the time [30-32]. In the donepezil
vs. rivastigmine study, significantly more patients in the
donepezil group (89%) completed the study compared
with the rivastigmine group (69%; P <0.01). Nausea
and vomiting were reported in 42% and 24% of rivastig-
mine-treated vs. 11% and 7% of donepezil-treated
patients, respectively [29]. These results are consistent
with the findings of the pivotal trials of these medic-
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ations [12,18]. In the donepezil vs. galantamine study, a
greater proportion of patients receiving galantamine
(46%) reported GI AEs compared with donepezil (25%)
[47].

Weight loss

Anorexia and weight loss may be relevant in view of
the association between weight loss and mortality in
AD patients [48]. The effect of donepezil on the body
weight of AD patients has been studied in nursing
home residents who were older, had more comorbid
illnesses, and more concomitant medications than
patients in pivotal trials [49], and in patients with mod-
erate to severe AD living in the community or in
assisted living settings [45, 46]. In these trials the inci-
dence of weight loss was very similar between don-
epezil- and placebo-treated patients; a total of 7-9% of
donepezil- and 6-8% of placebo-treated patients expe-
rienced clinically significant weight loss (=7% from
baseline). These results are similar to those in a 1-year,
placebo-controlled trial, where 6% of donepezil- and
4% of placebo-treated patients reported weight loss as
an AE [23]. Clinically significant weight loss has also
been reported in a greater proportion of patients treated
with rivastigmine and galantamine compared with pla-
cebo [16, 20].

Cardiovascular adverse events

Pacemaker cells of the heart receive autonomic innerva-
tion via the vagal fibres releasing ACh to muscarinic
receptors, the activation of which may slow heart rate
[50]. Particular caution should be used when adminis-
tering ChE inhibitors to patients with known sick sinus
syndrome, but any patient receiving a ChE inhibitor
might be at some risk of bradycardia or, rarely, heart
block. However, in the pivotal AD trials of donepezil,
atrioventricular block (first degree) was described
infrequently (in 0.1-1% of patients) [31]. Physicians
would be expected to exercise caution when prescribing
ChE inhibitors to patients receiving other medications
that may reduce heart rate, such as digoxin and
beta-blockers.

No consistent patterns of clinically significant treat-
ment effects in cardiovascular indices have been
observed in the clinical trials of donepezil published to
date, with no increase in serious arrhythmias found [11-
13, 21-23, 26]. For example, a low incidence of brady-
cardia was observed in an analysis of donepezil phase
IT and III trial results [26] and in later trials, including
a 1-year, placebo-controlled study conducted in North-
ern Europe [22]. The mean decrease in heart rate in
donepezil-treated patients from the phase II and III trials
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was —1.58 beats per min compared with an increase of
0.47 beats per min in the placebo-treated patients [26].
In addition, in the nursing home study [49], the inci-
dence of clinically significant bradycardia was very sim-
ilar in the placebo and donepezil treatment groups (5%
vs. 6%, respectively). Furthermore, the results from two
large (> 1200 patients), randomized, placebo-controlled
trials of vascular dementia patients who were all on
concomitant medication, showed no greater occurrence
of bradycardia in the donepezil groups compared with
the placebo groups [51, 52].

Syncopal events have been reported to be slightly
increased in patients treated with ChE inhibitors. For
example, syncope was recorded in 6% of donepezil- and
3% of placebo-treated patients in a 1-year, placebo-
controlled trial conducted in Northern Europe [22].
However, none of these cases of syncope was consid-
ered related to the study drug, and all patients continued
to take the drug [22].

Insomnia and abnormal dreams

Insomnia and other sleep disorders (abnormal dreams,
vivid dreams and nightmares) have been reported fol-
lowing the administration of donepezil (8—18% don-
epezil vs. 5% placebo [11], 8% donepezil vs. 4%
placebo [13], and 9% donepezil vs. 6% placebo [26],
respectively). The increased incidence of insomnia and
abnormal dreams may be related to the half-life and time
of administration. Shorter-acting ChE inhibitors may
achieve peak plasma levels well before the patient goes
to sleep. Donepezil, particularly when administered in
the evening, is likely to result in peak plasma concen-
trations during the night, given that donepezil has a #,,,,
of 3—4 h [53]. The cholinergic system is thought to play
a role in the regulation of rapid eye movement (REM)
sleep, with cholinergic neurones in the laterodorsal and
the pedunculopontine tegmental nuclei acting to pro-
mote REM sleep [54]. It has also been suggested that
donepezil enhances REM sleep [55], which might
explain the association of this treatment with abnormal
dreams. When insomnia or abnormal dreams occur in
donepezil-treated patients, switching to morning dosing
may eliminate these events [56, 57]. Lengthening the
time period before increasing the dose of donepezil from
5to 10 mg day™' can also reduce the incidence of insom-
nia to the levels of placebo-treated patients [31].

The use of donepezil in AD patients with

comorbid conditions

Data concerning the tolerability of ChE inhibitors in AD
patients with comorbidities are available from two types
of clinical trials: firstly, from trials that evaluate the PK
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parameters and safety of ChE inhibitors in patients suf-
fering from conditions that may affect AD patients (e.g.
volunteers with hepatic or renal dysfunction); secondly,
from trials investigating the safety and tolerability of
ChE inhibitors in AD patients with a variety of comorbid
conditions.

Tolerability of donepezil in patients with hepatic impairment
The effect of hepatic impairment on the PK and tolera-
bility of ChE inhibitors is particularly important in the
elderly, because liver volume and hepatic blood flow
generally decrease with age [58].

Compared with healthy matched controls, data from
single-dose studies of donepezil in patients with
impaired hepatic function (chronic, compensated cirrho-
sis of the liver) [59], and from multiple-dose studies of
donepezil in patients with hepatic impairment (not to
exceed Grade B as defined by the Child-Pugh Classifi-
cation [60]; reported elsewhere in this supplement) indi-
cate that donepezil 5 mgday™ is a safe and well-
tolerated treatment.

Tolerability of donepezil in patients with renal impairment
Renal function also commonly declines with increasing
age [61]. Single doses of donepezil can be safely admin-
istered to patients with moderately to severely impaired
renal function (creatinine clearance < 30 ml min™
(1.73 m? body surface area)™' [62]), and multiple doses
can be safely administered to patients with moderately
impaired renal function (creatinine clearance 17—
33 ml min™' (1.73 m? body surface area)™") (as described
in this supplement).

Trials of AD patients with comorbid disease

AD patients with certain clinically significant, severe or
unstable concurrent diseases, such as cardiac disease
and severe obstructive pulmonary disease, were
excluded from the pivotal trials of ChE inhibitors [12,
18, 20]. However, despite these restrictions, 97% of
patients enrolled in the pivotal trials of donepezil had
some prior or concurrent medical conditions [26]. Three
later trials were designed specifically to evaluate the
safety and efficacy of donepezil in ‘real-world’ patients
with numerous comorbid illnesses [44—46]. In one
community-based, open-label study conducted in 1035
patients, 70% reported AEs, with 9% reporting nausea
and 10% diarrhoea [46]. This compares with 82% of
patients reporting AEs (11% reporting nausea and 7%
diarrhoea) from a comparable treatment group (don-
epezil 5mgday' increased to 10 mgday™ after
4 weeks) in the 1-year, placebo-controlled clinical trial
conducted in Northern Europe [22].



Donepezil and concomitant drug interactions

The high prevalence of comorbid diseases in elderly AD
patients inevitably results in patients taking many more
prescribed medications than younger adults. In the
community-based study mentioned above [46], 93% of
patients took at least one concomitant medication. A
lack of clinically significant drug—drug interactions is
therefore an important consideration when prescribing
ChE inhibitors in elderly patients.

Direct drug—drug interaction studies with ChE inhibitors
In vitro studies have shown that while donepezil is
metabolized by CYP-3A4 and CYP-2D6, it has a low
affinity for these enzymes. In addition, it has been cal-
culated that the therapeutic concentrations of donepezil
are more than 280-fold lower than the lowest K; value
obtained for CYP-2D6, and almost 800-fold lower than
the K; observed with CYP-3A4 [62]. This indicates that
donepezil has minimal inhibitory activity against these
isoenzymes, and is thus unlikely to have clinically sig-
nificant interactions with other drugs metabolized by or
affecting them [64].

Studies conducted in healthy volunteers on cimeti-
dine (a nonspecific CYP inhibitor) [63], and ketocona-
zole (a specific CYP-3A4 inhibitor) [65], have
confirmed that donepezil is not associated with CYP-
mediated drug interactions. Furthermore, a similar PK
study (reported elsewhere in this supplement) conducted
with risperidone [66], which is metabolized by CYP-
2D6 and 3A4 [67], has confirmed that donepezil is likely
to be devoid of clinically meaningful drug—drug inter-
actions with this and other medications.

In vitro, donepezil does not appear to affect the
binding of furosemide, digoxin or warfarin to human
albumin. Similarly, these drugs do not affect the bind-
ing of donepezil [31]. These findings were confirmed
in studies conducted in healthy volunteers, in which
donepezil was demonstrated not to interact with
digoxin [68] and warfarin [69]. In addition, the PK
profile of theophylline, a bronchodilator with a narrow
therapeutic index, is also unaffected by the co-
administration of donepezil [70]. Thus, despite some
concerns regarding the high proportion of donepezil
that is protein bound (96%), drug—drug interactions
due to inhibition of protein binding are unlikely to
occur with donepezil.

Drug—drug interactions in clinical trials of ChE inhibitors

Recent clinical evidence has demonstrated that con-
comitant medications should not act as a barrier to the
use of donepezil in patients with AD. As reported
above, in a large community-based US trial, 93% of
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patients were taking concomitant medications, most
commonly aspirin (30%), vitamins (29%), antide-
pressants (24%), and analgesics other than aspirin or
nonsteroidal anti-inflammatory drugs (NSAIDs) (21%)
[46]. Interestingly, the risk ratios for GI AEs following
treatment with donepezil were not significantly
increased by the concomitant use of aspirin or other
NSAIDs [46].

The action of ChE inhibitors at cholinergic nerve
terminals can lead to pharmacodynamic interactions
with a variety of medications targeted at cholinergic
neurones. Antipsychotics, and particularly ‘typical’
agents such as haloperidol, which have anticholinergic
properties, could antagonize the action of ChE
inhibitors.

There is a theoretical risk of increased bradycardia in
patients on concomitant beta-blockers and ChE inhibi-
tors; however, an analysis of data from the same US
open-label trial of donepezil indicated that the risk of
developing clinically significant bradycardia is not sig-
nificantly increased following the co-administration of
beta-blockers, or nondihydropyridine calcium channel
blockers or digoxin to donepezil-treated patients with
AD [46]. Furthermore, in a very sick vascular dementia
population with high rates of comorbidity and concom-
itant medication use, there was no difference in cardio-
vascular AEs between placebo and donepezil groups
[51, 52].

ChE inhibitors may also prolong the action of
neuromuscular blockers such as succinylcholine [71].
A synergistic effect between ChE inhibitors and succi-
nylcholine or other similar neuromuscular blocking
agents is a theoretical possibility [72, 73]. It is therefore
advised that in ChE inhibitor-treated patients receiving
emergency procedures requiring neuromuscular block-
ade, the anaesthetist should be aware of the potential for
prolonged muscle relaxation [73].

Conclusions

Initial reservations over the use of ChE inhibitors in a
frail elderly population have largely been overcome and
ChE inhibitors are now routinely administered to AD
patients, including those with concurrent medical con-
ditions and those receiving numerous concomitant med-
ications. With the greatest clinical experience (more
than 770 million days of patient use) among the ChE
inhibitors and the most extensive publication database
for safety and tolerability (including the PK studies
described in this supplement), a good tolerability and
safety profile has been convincingly demonstrated for
donepezil.
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