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Abstract Memantine is an uncompetitive N-methyl-p-as-
partate (NMDA) receptor antagonist that is a well-estab-
lished treatment option for moderate to severe dementia of
the Alzheimer’s type, either alone or in combination with
cholinesterase inhibitors. The immediate-release (IR) for-
mulations of memantine (tablets and oral solution) have been
available in numerous countries, including the USA, for
more than a decade and are administered orally twice daily at
a maximum recommended total daily dosage of 20 mg/day.
The memantine extended-release (ER) (Namenda XR®)
28 mg once-daily capsule formulation was approved in the
USA in 2010 and became available more recently. The po-
tential advantages of memantine ER over the IR formulation
include a more convenient dosage regimen and lower pill
burden that may improve adherence to therapy; also, me-
mantine ER capsules may be opened and the contents
sprinkled on applesauce for patients who have difficulty
swallowing. Memantine ER provides a higher total daily
dosage than the recommended memantine IR regimen and
pharmacokinetic data indicate greater exposure with the ER
formulation, but the clinical implications of this are unclear,
as the two formulations have not been assessed in a com-
parative clinical trial. The efficacy of memantine ER 28 mg
once daily was demonstrated in a large, multinational, phase
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111 trial, which showed that the addition of memantine ER to
ongoing oral cholinesterase inhibitors improved key out-
comes compared with cholinesterase inhibitor monotherapy,
including measures of cognition and global status, which
were the co-primary endpoints of the study. The most com-
mon adverse events were headache, diarrhoea and dizziness.

Memantine extended release (ER) 28 mg once daily

in Alzheimer’s disease: a summary

Memantine has a well-established efficacy and
tolerability profile in the management of dementia of
the Alzheimer’s type, as monotherapy or when added
to cholinesterase inhibitors

An ER formulation of memantine (28 mg once
daily), alone or with cholinesterase inhibitors, is
approved in the USA for moderate to severe
Alzheimer’s disease; a fixed-dose combination of
memantine ER plus donepezil was also recently
approved

Memantine ER (28 mg once daily) provides a more
convenient dosage regimen that may improve
adherence, while also allowing for an increased total
daily dosage, compared with the immediate-release
formulation (10 mg twice daily)

Memantine ER (28 mg once daily) added to ongoing
cholinesterase inhibitor treatment improves most key
efficacy outcomes, including measures of cognition
and global status, and is well tolerated in patients
with moderate to severe Alzheimer’s disease, as
shown in a large, multinational, phase III trial
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1 Introduction

Dementia of the Alzheimer’s type (Alzheimer’s disease) is
the most common type of dementia, accounting for
~60-80 % of cases [1]. In the USA in 2014, an estimated
5.2 million people had Alzheimer’s disease (diagnosed or
undiagnosed), including ~5 million Americans >65 years
of age [1]. The greatest risk factor for Alzheimer’s disease
is advanced age, and the number of cases in the USA and
worldwide is projected to increase markedly in coming
years because of global population aging [1, 2]. Interest-
ingly, although demographics will drive an increase in the
overall number of dementia cases, there appears to be a
declining prevalence of dementia in US and European
elderly populations, possibly related to factors such as
higher levels of education and reduced rates of stroke [3].
Early symptoms of Alzheimer’s disease include difficulty
remembering recent conversations, names or events, as
well as apathy and depression; later symptoms include
impaired communication, disorientation, confusion, poor
judgment, behaviour changes and, ultimately, difficulty
speaking, swallowing and walking [1]. In addition to
morbidity and mortality, Alzheimer’s disease is associated
with a substantial caregiver and societal economic burden
[1, 2].

Pharmacological treatment options in Alzheimer’s dis-
ease include cholinesterase inhibitors and memantine,
although research in the development of new agents is
ongoing [4]. Memantine is an uncompetitive N-methyl-p-
aspartate (NMDA) receptor antagonist that is approved for
the treatment of moderate to severe Alzheimer’s disease,
either alone or in combination with cholinesterase in-
hibitors [5, 6]. The immediate-release (IR) tablet and so-
lution formulations of memantine have been available in
numerous countries, including the USA, for more than a
decade and are administered orally twice daily at a max-
imum recommended total daily dosage of 20 mg/day [5, 6].

Several randomized, double-blind, placebo-controlled
trials evaluated the efficacy of memantine IR in patients
with moderate to severe Alzheimer’s disease, as mono-
therapy [7-9] and/or in combination with the cholinester-
ase inhibitor donepezil [9, 10]. Most of these data have
been reviewed previously in some detail [5]. Noteworthy
are findings from two ~6-month trials that evaluated
memantine IR as monotherapy (study MRZ-90001-9605)
[7] and in combination with ongoing donepezil (study
MEM-MD-02) [10]. In both studies, memantine IR was
statistically superior to placebo on measures of function (a
co-primary endpoint [7, 10]) and cognition (a co-primary
[10] or secondary [7] endpoint). In MEM-MD-02 the ad-
dition of memantine IR to donepezil was also associated
with significantly better outcomes on measures of
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behaviour and global change [10]. More recent findings
from the 1-year, randomized, double-blind DOMINO trial
in donepezil-treated patients with moderate to severe
Alzheimer’s disease showed statistically significant bene-
fits on measures of cognition and function (co-primary
endpoints) for continued donepezil compared with dis-
continued donepezil (with or without add-on memantine
IR) and for memantine IR versus add-on placebo (with or
without donepezil discontinuation) [9]. With high and
disproportionate withdrawal in placebo arms, the added
benefits of combination therapy with memantine IR added
to baseline donepezil, which were apparent in the first
30 weeks, were not observed by end of trial [11]. A pooled
analysis of data from the Memantine Clinical Trial Pro-
gram and reassessment of DOMINO data showed that
adding memantine to donepezil was associated with ben-
efits across multiple clinical domains [12].

An extended-release (ER) formulation of memantine
(Namenda XR®)—28 mg capsules for once-daily admin-
istration—is approved in the USA for the treatment of
moderate to severe dementia of the Alzheimer’s type [13].
Lower dosages of memantine ER (7, 14 and 21 mg cap-
sules) are also available, primarily for the initial dosage
titration period. Memantine ER provides a higher total
daily dosage than the recommended memantine IR regi-
men, but the clinical implications of this are unclear, as
they have not been assessed in a comparative trial [13].
This article reviews the pharmacology, clinical efficacy
and tolerability profile of memantine ER (28 mg once
daily) capsules available in the USA. A discussion of the
lower-dose memantine ER (20 mg once daily) formulation
available in the EU [14] is outside the scope of the article.

2 Pharmacodynamic Properties

The pathophysiology of Alzheimer’s disease is complex
and has not been fully elucidated, but dysregulation of
glutamate signalling and its resulting excitotoxicity at
NMDA receptors, which play an important role in cogni-
tion and memory, appear to be contributing factors [15,
16]. As a low-to-moderate affinity, uncompetitive (open-
channel), voltage-dependent NMDA receptor antagonist
that binds preferentially to the NMDA receptor-operated
cation channels, memantine is thought to modulate the
pathological effects of glutamate in Alzheimer’s disease,
thereby facilitating normal physiological function [13, 16—
19]. NMDA receptor channels are blocked by Mg®™ ions
under normal, resting, physiological conditions, and a
strong transient glutamate synaptic signal depolarises the
post-synaptic membrane, removing the voltage-dependent
blockade by Mg”" ions, opening the NMDA channel and
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allowing the flow of Ca®" jons into the post-synaptic
neuron [19]. However, in Alzheimer’s disease it is thought
that the presence of glutamate and amyloid-beta produces a
low-level stimulation that decreases the membrane poten-
tial, thereby relieving the Mg®" channel block and in-
creasing the continuous flow of Ca*" ions into the post-
synaptic neuron, resulting in a ‘background noise’ of
stimulation at rest. Under such pathological conditions,
memantine (unlike the weaker Mg®" ions) continues to
block the NMDA receptor channel, thereby reducing the
‘background noise’ of dysfunctional glutamate signalling.
When high levels of glutamate are transiently present (i.e.
when a physiological signal arrives), memantine dissoci-
ates from the NMDA receptor and allows normal neuro-
transmission. In addition to facilitating normal glutamate
signalling processes, memantine also appears to protect
neurons from the excitotoxicity of excessive glutamate
stimulation [19]. The role of glutamate neurotransmission
in Alzheimer’s disease and the pharmacodynamic proper-
ties of memantine have been reviewed previously in some
detail [5, 15, 16, 19].

In vitro studies indicate that memantine also has an-
tagonistic effects at the serotonin 5-HTj3 receptor, which it
binds to with a similar potency as for the NMDA receptor
[13]. In addition, it has a more modest antagonistic effect at
nicotinic acetylcholine receptors, to which it binds at a
potency of one-sixth to one-tenth that for the NMDA re-
ceptor. It has low to negligible affinity for GABA, ben-
zodiazepine, dopamine, adrenergic, histamine and glycine
receptors and for voltage-dependent Ca®", Na'™ and K™
channels. Memantine does not affect the reversible inhi-
bition of acetylcholinesterase by donepezil, galantamine or
tacrine in vitro [13].

3 Pharmacokinetic Properties
3.1 Absorption and Distribution

In a comparative pharmacokinetic study, steady-state val-
ues for peak plasma memantine concentration (C,.x) and
area under the plasma concentration-time curve (AUC)
from time 0-24 h were 48 and 33 % higher, respectively,
for memantine ER 28 mg once daily than with memantine
IR 10 mg twice daily [13]. Time to achieve C.x was
9-12 h after administration of memantine ER. There was
no difference in exposure to memantine (C,,,x or AUC)
when memantine ER was administered with or without
food or when the capsule was swallowed intact compared
with when the capsule contents were taken after being
sprinkled on applesauce. The mean volume of distribution
of memantine is 9-11 L/kg and plasma protein binding is
45 % [13].

3.2 Metabolism and Elimination

Although memantine undergoes partial hepatic metabo-
lism, cytochrome P450 (CYP) isoenzymes do not play a
significant role [13]. There are three main metabolites (the
N-glucuronide conjugate, 6-hydroxy memantine and 1-ni-
troso-deaminated memantine), which have only minimal
NMDA receptor antagonistic activity. Approximately
48 % of an administered dose of memantine is eliminated
in the urine unchanged. Renal clearance involves active
tubular secretion moderated by pH-dependent tubular re-
absorption. The clearance of memantine is reduced by
~ 80 % under alkaline urine conditions at pH 8, which may
have clinical implications in patients with urinary tract
infections (UTIs). The elimination half-life (t,,) of me-
mantine is ~60-80 h.

3.3 Special Patient Populations

Compared with healthy volunteers with normal renal
function [creatinine clearance (CLcRr) >80 mL/min], mean
memantine AUC from time 0—co increased by 4, 60 and
115 %, respectively, and mean t,, increased by 18, 41 and
95 %, respectively, in subjects with mild (CLcg >50 to
80 mL/min), moderate (CLcg 30—49 mL/min) or severe
(CLcr 5-29 mL/min) renal impairment in a pharmacoki-
netic study involving single-dose administration of me-
mantine IR 20 mg [13]. For patients with severe renal
impairment, a lower dosage of memantine ER 14 mg once
daily is recommended (Sect. 6).

Memantine pharmacokinetics were also evaluated fol-
lowing single-dose administration of memantine IR 20 mg
in healthy volunteers and subjects with moderate hepatic
impairment (Child-Pugh class B) [13]. There was no be-
tween-group difference in exposure to memantine (C,,x Or
AUC), although t, was =16 % longer in those with
moderate hepatic impairment compared with healthy sub-
jects with normal hepatic function.

3.4 Drug Interactions

In general, memantine has a low propensity for drug in-
teractions [13]. When administered concomitantly with
donepezil, there was no effect on the pharmacokinetics of
either drug. In addition, memantine did not affect the
pharmacokinetics of bupropion or warfarin when coad-
ministered with each of these agents. In vitro studies
evaluating the ability of memantine to inhibit or induce
various CYP isoenzymes indicate that memantine is not
expected to affect the pharmacokinetics of drugs me-
tabolized by CYP 1A2, 2A6, 2C9, 2D6, 2E1 or 3A4/5.
Similarly, in view of the metabolic fate of memantine,
drugs that are substrates for, or inducers or inhibitors of,
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CYP isoenzymes are not expected to interact with me-
mantine [13]. In addition, a study in 52 healthy volunteers
found no evidence of pharmacokinetic or pharmacody-
namic interactions between memantine and a fixed-dose
combination of dextromethorphan/quinidine at steady state
[20].

In theory, there could be interactions between memantine
and other drugs eliminated by tubular secretion that use the
same renal cationic system (e.g. hydrochlorothiazide and
triamterene), although clinically significant interactions have
not been observed in limited pharmacokinetic drug interac-
tion studies conducted to date [13]. As noted in Sect. 3.2, the
clearance of memantine is reduced under alkaline urine
conditions (e.g. UTIs), potentially leading to an accumula-
tion of the drug if urine pH is increased by drugs such as
carbonic anhydrase inhibitors or sodium bicarbonate [13].

4 Therapeutic Efficacy
4.1 Phase III Trial

The efficacy of memantine ER 28 mg once daily was
demonstrated in a randomized, double-blind, placebo-
controlled trial in patients with moderate-to-severe Alz-
heimer’s disease who were stabilized and continued to
receive their current cholinesterase inhibitor therapy [21].
The phase III, multinational trial included 677 patients with
a diagnosis of dementia of the Alzheimer’s type and a score
of 3—-14 on the Mini-Mental State Examination (MMSE) at
the time of screening who were randomized to receive
once-daily memantine ER (n = 342) or placebo (n = 335)
for 24 weeks. At the time of randomization (i.e. baseline),
the MMSE score range was 3-17. Memantine ER was
initiated at a dosage of 7 mg once daily and gradually ti-
trated up to a target dosage of 28 mg once daily over the
first 4 weeks. Patients were required to tolerate a minimum
dosage of 21 mg once daily by week 8 in order to continue
in the study. Baseline patient characteristics were well
matched between memantine ER and placebo groups, in-
cluding mean age (76.2 vs. 76.8 years), the proportion of
women (71.6 vs. 72.5 %), the proportion of Hispanics (68.3
vs. 69.6 %), mean MMSE score (10.9 vs. 10.6), and the
proportion of patients receiving ongoing therapy with oral
formulations of donepezil (69.2 vs. 68.1 %), galantamine
(21.1 vs. 20.3 %) or rivastigmine (9.4 vs. 12.2 %).

The co-primary endpoints of the trial were the baseline
to endpoint score change on the Severe Impairment Battery
(SIB), to assess treatment effects on cognition, and the
endpoint score on the Clinician’s Interview-Based Im-
pression of Change Plus Caregiver Input (CIBIC-Plus), to
assess treatment effects on global clinical status [21]. Se-
condary outcomes included measures of behaviour, daily
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functioning and semantic processing ability. Most outcome
measures were assessed in terms of the change in score
from baseline to week 24 in the intent-to-treat (ITT)
population, using the last observation carried forward
(LOCEF) approach. Assessment scales were administered at
regular intervals during the 24-week study period.

As shown in Table 1, memantine ER was superior to
placebo on the SIB and CIBIC-Plus (co-primary end-
points), thereby demonstrating its efficacy in this patient
population [21]. Memantine ER also achieved significantly
greater improvements on the Neuropsychiatric Inventory
(NPI), which assesses behaviour, and the verbal fluency
test (VFT), which assesses semantic processing ability. The
between-group difference did not achieve statistical sig-
nificance for the baseline to endpoint change in score on
the 19-item Alzheimer’s Disease Cooperative Study-Ac-
tivities of Daily Living (ADCS-ADL o), which is used to
assess function (Table 1).

4.2 Post Hoc Analyses

A number of post hoc analyses have been conducted using
data from the 24-week phase III trial, such as evaluations
of treatment response by disease severity and detailed
analyses of effect of treatment on cognition, behaviour,
function, and language and communication (all reported as
abstracts/posters). Most of the exploratory analyses used a
mixed-model with repeated measures (MMRM) approach
and included observed cases [22-29], which was ap-
proximately equal to the number of patients who completed
the phase III trial (n = 545), although some evaluated the
ITT population with LOCF [25-30] (typically as a type of
sensitivity analysis for observed-case results).

4.2.1 Response by Disease Severity

The addition of memantine ER to oral cholinesterase in-
hibitors was associated with statistically significant im-
provements in cognition, behaviour and global status
compared with the addition of placebo (i.e. cholinesterase
inhibitor monotherapy) across a wide range of disease
severity, as assessed by MMSE scores at baseline [22]. The
analysis also showed significant between-group differences
in function and verbal fluency favouring memantine ER
over placebo, albeit over narrower ranges of baseline
MMSE scores. Least-squares mean baseline to endpoint
changes were estimated for the memantine ER and placebo
groups at each baseline MMSE score for all efficacy out-
comes, except CIBIC-Plus, for which the model estimated
endpoint scores because CIBIC-Plus measures change from
baseline. Significant (p < 0.05) improvements with me-
mantine ER compared with placebo at week 24 were
demonstrated on the cognitive (SIB), behaviour (NPI) and
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Table 1 Mean efficacy assessments at baseline and endpoint (week 24, LOCF; ITT population) (adapted from Grossberg et al. [21])
Outcome measure No. of patients Baseline® Endpoint change from baseline® LSMD [95 % CI] p value

SIB (evaluates cognition using a 40-item, 100-point scale; lower scores indicate greater impairment)

Memantine ER 332 76.8 &+ 17.5 27+£112 2.6 [1.0-4.2] 0.001
Placebo 327 752 +£19.3 03 £ 115

CIBIC-Plus® (evaluates global clinical status using a 7-point scale; higher scores indicate greater impairment)
Memantine ER 333 45 +£0.87 38+ 1.2° N/A 0.008
Placebo 328 4.5 +0.82 4.1 412°

ADCS-ADL ¢ (evaluates functional abilities using a 19-item, 54-point scale; lower scores indicate greater impairment)
Memantine ER 331 331 £ 11.1 —0.7 £ 6.9 0.7 [-0.3 to 1.8] 0.177
Placebo 328 328 £ 11.0 -13+77

NPI (evaluates behavioural disturbances using a 12-item, 144-point scale; higher scores indicate greater impairment)
Memantine ER 318 17.2 £ 15.6 —43 + 146 —2.7 [-4.5 to —0.8] 0.005
Placebo 321 16.5 £15.4 —1.6 £ 127

VFT (evaluates semantic processing ability on the basis of the number of animals named in 60 s; lower scores indicate greater impairment)
Memantine ER 330 5.8 £38 03 +28 0.5 [0.2-0.9] 0.004
Placebo 326 57 +37 —-03+25

ADCS-ADL ;¢ 19-item Alzheimer’s Disease Cooperative Study-Activities of Daily Living, CIBIC-Plus Clinician’s Interview-Based Impression of
Change Plus Caregiver Input, ER extended-release formulation (28 mg) once daily, /77 intent-to-treat, LOCF last observation carried forward,
LSMD least squares mean difference, N/A not applicable, NPI Neuropsychiatric Inventory, SIB Severe Impairment Battery, VFT verbal fluency

test

4 Mean =+ standard deviation; co-primary endpoints were baseline to endpoint score change on the SIB and endpoint score on the CIBIC-Plus

° CIBIC-Plus is a categorical measure of change. Values shown for baseline are the Clinician’s Interview-Based Impression of Severity;
endpoint values are final CIBIC-Plus scores. p value is from a Cochran-Mantel-Haenszel test

global clinical status (CIBIC-Plus) measures across base-
line MMSE ranges of 613, 7-14 and 5-13, respectively.
Memantine ER was also associated with significant
(p < 0.05) improvements on daily function (assessed by
ADCS-ADL;y) in patients with more severe disease
(MMSE 4-9) and on verbal fluency in those with moderate
disease (MMSE 10-14) [22]. A post hoc analysis of be-
havioural effects by disease severity has also been reported
(see Sect. 4.2.5)

4.2.2 Responder Analysis and Response Across Multiple
Outcomes

Findings of a responder analysis significantly favoured
memantine ER over placebo (i.e. combination therapy over
cholinesterase monotherapy) for some outcomes and re-
sponse levels [30]. Response levels were defined on the
basis of baseline to endpoint score changes attained by the
10th, 25th, 50th, 75th and 90th percentile of placebo re-
cipients. Memantine ER was significantly superior to
placebo in terms of the proportion of patients who achieved
a response on the SIB at the 90th percentile level (18.7 vs.
10.4 % had improvement >12 points; p = 0.003), on the
NPT at the 90th percentile level (16.0 vs. 9.7 % had im-
provement >17 points; p = 0.018) and the 75th percentile
level (34.9 vs. 259 % had improvement >8 points;

p = 0.016), and on the CIBIC-Plus at the 75th percentile
level (35.1 vs. 26.8 % had endpoint score <3; p = 0.023).
Results of an analysis evaluating responses across
multiple outcomes, including measures of cognition (SIB),
function (ADCS-ADL,y), behaviour (NPI) and global sta-
tus (CIBIC-Plus), suggest that memantine ER may provide
beneficial effects on multiple clinical domains simultane-
ously, most notably when cognition and function are im-
proved and when relatively high levels of improvement are
observed [23]. For each outcome, the analysis included two
levels of response [stabilization (e.g. change from baseline
to endpoint of >0 on SIB) or improvement (e.g. change
from baseline to endpoint of >3 on SIB)], and there were
11 possible combinations for responses on multiple (two,
three or four) efficacy outcomes. For the response level
indicating a clinically notable improvement, memantine
ER was superior to placebo for the two-measure combi-
nation of ADCS-ADL,¢/NPI (21.3 vs. 15.8 %; p = 0.042)
and for the three-measure combinations of ADCS-ADL¢/
NPI/SIB (15.4 vs. 9.6 %; p = 0.027) and ADCS-ADL,q/
SIB/CIBIC-Plus (12.4 vs. 7.4 %; p = 0.030).

4.2.3 Cumulative Efficacy Over Time

To provide more complete information on treatment effects
over the entire course of the trial, rather than focusing only
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on baseline to endpoint changes in clinical domain scores,
the mean area under the curve (AUC) for changes from
baseline in SIB, CIBIC-Plus, NPI, VFT and ADCS-ADL
were determined for each treatment group [24]. Results
showed that memantine ER was associated with cumula-
tive benefits across multiple clinical domains. When
comparing the two treatment groups for mean AUC values
from baseline to week 24 for each of these measures,
memantine ER was associated with statistically significant
benefits of 88 % (p = 0.014) for SIB, 133 % (p = 0.019)
for CIBIC-Plus, 109 % (p < 0.001) for NPI and 139 % for
VFT (p = 0.014); results were not statistically significant
for ADCS-ADL .

4.2.4 Effect on Cognition

In one post hoc analysis focusing on cognition, memantine
ER was associated with statistically significant (p < 0.05)
improvements for six of nine individual SIB domains
(memory, language, attention, praxis, orientation and con-
struction, but not social interaction, visuospatial ability and
orienting to name), as well as all three higher-order cog-
nition subscales of Memory, Language and Praxis (aggre-
gated combinations of domains), compared with placebo
[25].

Another analysis showed that the benefits of memantine
ER on cognition (assessed using the SIB instrument) were
observed as early as week 8, and memantine ER was as-
sociated with sustained cognitive improvement at week 24
[26]. At weeks 12 (p <0.05), 18 (p <0.01) and 24
(p < 0.001), the mean improvement from baseline SIB
score was significantly greater among memantine ER than
placebo recipients. The analysis also considered five SIB
response levels (improvement of >0, >5, >10, >15 and
>20 points), and the proportion of patients in each treat-
ment group who achieved and maintained a response was
compared. Significantly more memantine ER than placebo
recipients maintained SIB responses of >5 (26.1 vs.
17.0 %; p = 0.014) or >10 (14.6 vs. 7.6 %; p = 0.012)
points from week 8 to week 24. Likewise, significantly
more memantine ER than placebo recipients maintained
12-week SIB responses of >5 (28.5 vs. 19.9 %;
p = 0.025), >10 (16.3 vs. 8.2 %; p = 0.005) or >15 (9.5
vs. 4.1 %; p = 0.015) points through to week 24 [26]. In
both studies, findings were generally similar whether ob-
served cases or the LOCF approach were used [25, 26].

4.2.5 Effect on Behaviour
Post hoc analyses focusing on behavioural benefits of

memantine ER (assessed by NPI) include an evaluation of
effects across a range of disease severity [27] and an
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assessment of sustained effects [28]. In the former, patients
were divided into subgroups of disease severity according
to baseline MMSE scores (overall range assessed was
4-14) [27]. Mean baseline NPI scores indicated a mild
degree of behavioural impairment in both treatment groups
(see Table 1). Across subgroups, memantine ER was as-
sociated with placebo-corrected improvements of 2.7-3.1
points in total NPI scores, and between-group differences
achieved statistical significance for baseline MMSE scores
of 7 (p < 0.05), 8, (p < 0.05),9 (p < 0.01), 10 (p < 0.01),
11 (»p <0.001), 12 (p <0.01), 13 (p <0.01) and 14
(p < 0.05).

The other analysis demonstrated sustained behavioural
improvement with memantine ER, as assessed by changes
from baseline in NPI scores at various time points [28].
Statistically significant between-group differences favour-
ing memantine ER over placebo in NPI score improve-
ments were observed at weeks 12 (p = 0.05), 18
(»p = 0.01) and 24 (p < 0.01). In the respective treatment
groups, 49.3 and 45.4 % of patients had an improvement of
>3 points from baseline to week 12. For patients with NPI
scores at all three follow-up visits, 39.5 % of memantine
ER recipients compared with 28.9 % of placebo recipients
maintained this level of response at weeks 12, 18 and 24
(p < 0.05). Findings were similar in a sensitivity analysis
using the LOCF approach.

4.2.6 Effect on Language and Communication

Patients who received memantine ER performed sig-
nificantly better on some language-related items from the
SIB than those who received placebo in the phase III trial
[29]. In this post hoc analysis, the efficacy of memantine
ER on language abilities was assessed using a compilation
of relevant items from the SIB to form three subscales
(Naming, Reading/Writing and Comprehension/Repetition/
Discourse) and assessing the changes in scores from
baseline to week 24. Its efficacy in terms of functional
communication was determined from baseline to endpoint
changes in a composite functional communication score,
which was derived from a compilation of three items from
the ADCS-ADL,9 and 15 items from the Caregiver Per-
ceived Burden Questionnaire. Although there was not a
statistically significant between-group difference on the
Naming subscale of the SIB, memantine ER was associated
with statistically significant improvements on the Reading/
Writing subscale (p = 0.002) and the Comprehension/
Repetition/Discourse subscale (p = 0.048). There was no
statistically significant between-group difference for the
change in functional communication score. These findings
using observed cases were similar in sensitivity analyses
(using the LOCF and MMRM approaches).
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4.2.7 Effect on Functional Abilities

Results of another post hoc analysis indicate that memantine
ER may be associated with improvements in activities of daily
living (ADL) related to higher-level processing [31]. The
analysis compared treatment groups for baseline to endpoint
changes in scores for individual items and four factor-derived
subscales from the ADCS-ADL, instrument. Memantine ER
demonstrated a statistically significant advantage over
placebo for three of the nineteen individual items in the ob-
served-case analysis: eating (p = 0.027), clearing the table
(p = 0.015) and finding belongings (p = 0.030). The LOCF
analysis did not confirm these findings, although statistical
superiority (p < 0.05) of memantine ER was shown for eat-
ing, clearing a table and conversing when the MMRM ap-
proach was used. In the ADL factor analysis, memantine ER
was associated with a statistically significant advantage
(p = 0.014) on the subscale for higher level functions, which
included using a telephone, conversing, clearing a table,
finding belongings, obtaining a beverage and disposing of
litter. Sensitivity analyses using the LOCF and MMRM ap-
proaches confirmed this finding.

4.3 Subgroup Analysis in Donepezil-Treated
Patients

In the phase III trial, as in clinical practice, donepezil was
the most commonly used cholinesterase inhibitor, and
prospectively defined assessments of treatment efficacy
were conducted in the subgroup of patients with moderate
to severe Alzheimer’s disease who received ongoing ther-
apy with a stable dosage regimen of donepezil [32]. The
prospective analyses were conducted in the ITT population
with LOCF and included 456 donepezil-treated patients
who were randomized to receive memantine ER (n = 232)
or placebo (n = 224). Findings were similar to those of the
overall population in that baseline to endpoint changes in
scores significantly favoured memantine ER on the SIB
(p = 0.001), NPI (p = 0.009) and VFT (p < 0.001), while
no significant between-group difference was observed on
the ADCS-ADL,y; however, in this subgroup, in contrast to
the overall population, the between-group difference in
CIBIC-Plus score was not statistically significant. A post
hoc observed-cases analysis using the MMRM approach
showed a statistical advantage for memantine ER over
placebo at all visits for scores on the SIB, NPI, VFT and
CIBIC-Plus, but not on the ADCS-ADL,9, and these results
were supported by a post hoc AUC analysis [32].

4.4 Pooled Analyses

Various pooled analyses of clinical trials with memantine,
including the phase III trial with memantine ER (Sect. 4.1)

and >1 trial with memantine IR, have been conducted to
compare the effects of memantine (IR or ER) plus choli-
nesterase inhibitors with monotherapy or placebo for 6
months in patients with moderate to severe Alzheimer’s
disease (all presented as posters). Among the main findings
of these analyses is that memantine plus cholinesterase
inhibitor therapy stabilized or improved low or moderate
levels of agitation/aggression (assessed by NPI) compared
with cholinesterase inhibitor monotherapy or placebo [33].
Also, the addition of memantine to cholinesterase inhibitor
therapy provided significant improvements across a range
of neuropsychiatric symptoms (assessed by NPI) [34], and
the addition of memantine to ongoing donepezil therapy
was associated with a significant advantage over donepezil
monotherapy for several items on the ADCS-ADL,y, sug-
gesting improvements in both basic and instrumental ac-
tivities of daily living [35].

5 Tolerability

Memantine ER was generally well tolerated in the
24-week, randomized, double-blind, placebo-controlled,
phase III trial discussed in Sect. 4.1 [21]. The safety
population included 341 patients in the memantine ER
group and 335 patients in the placebo group who received
at least one dose of study medication. Adverse events were
solicited from patients and caregivers using non-leading
questions at all study visits, including any contact up to
30 days after study completion. The mean daily dosage of
memantine ER was 27.0 mg and 92.1 % of patients re-
ceived the target/maximum dosage of 28 mg once daily.
There were no statistical comparisons between treatment
groups for safety and tolerability data.

Treatment-emergent adverse events were reported in
62.8 % of patients in the memantine ER group and 63.9 %
of those in the placebo group [21]. Figure 1 includes all
adverse events reported by >2.0 % of memantine ER re-
cipients that were numerically more common in the active
treatment group than in the placebo group. The most
common adverse events were headache, diarrhoea and
dizziness. In addition, dizziness, depression, increased
bodyweight, constipation, somnolence, back pain and ab-
dominal pain were reported with at least twice the fre-
quency in the memantine ER group compared with the
placebo group. The only laboratory abnormality that oc-
curred in at least twice as many memantine ER than
placebo recipients was low haemoglobin (2.4 vs. 1.1 %). In
the respective groups, 9.9 and 6.3 % of patients withdrew
from the study because of adverse events. In the meman-
tine ER group, the most common adverse event leading to
discontinuation of therapy was dizziness (1.5 % of
patients).
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Fig. 1 Treatment-emergent adverse events in the phase III trial in
patients with moderate to severe Alzheimer’s disease receiving
ongoing cholinesterase inhibitor therapy who were randomized to
memantine extended-release (ER) (target dosage 28 mg once daily)
or placebo for 24 weeks [21]

Adverse events reported with memantine ER in the
phase III study in patients with moderate to severe Alz-
heimer’s disease [21] are generally similar to those re-
ported with memantine IR in randomized, double-blind,
placebo-controlled trials in patients with dementia, in
which dizziness, headache, confusion and constipation
were the most common adverse events (incidence >5 %
and higher than placebo) [6].

6 Dosage and Administration

Memantine ER (7, 14, 21 and 28 mg) capsules are ad-
ministered orally once daily and may be taken with or
without food [13]. The recommended starting dosage is
7 mg once daily and the dosage should be increased in
increments of 7 mg to the recommended maintenance
dosage of 28 mg once daily, which is also the recom-
mended maximum dosage of memantine ER. The mini-
mum interval between dosage increases is 1 week and the
dosage should only be increased if the previous regimen
was well tolerated. Memantine ER capsules should be
swallowed whole or they may be opened and the contents
sprinkled on applesauce to facilitate swallowing. To tran-
sition patients from memantine IR 10 mg twice daily,
memantine ER 28 mg once daily should be started the day
following the last dose of memantine IR 10 mg. Dosage
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adjustment is not required in patients with mild or mod-
erate renal impairment. For patients with severe renal im-
pairment (CLcg  5-29 mL/min), the recommended
maintenance (and maximum) dosage is 14 mg once daily.
Dosage adjustment is not needed in patients with mild or
moderate hepatic impairment; memantine ER has not been
evaluated in patients with severe hepatic impairment. Local
prescribing information should be consulted for additional
information on precautions, contraindications, drug inter-
actions and use in special patient populations.

7 Place of Memantine Extended Release
in the Management of Alzheimer’s Disease

Memantine has been used in the management of Alzhei-
mer’s disease for more than a decade and is a well-estab-
lished treatment option. Memantine ER capsules
(maintenance/maximum dosage 28 mg once daily) were
approved in the USA in 2010 and became available more
recently. The purported advantages of memantine ER over
the older formulation include a more convenient dosage
regimen and lower pill burden that may improve adherence
to therapy; also, memantine ER capsules may be opened
and the contents sprinkled on applesauce for patients who
have difficulty swallowing. Memantine ER provides a
higher total daily dosage than the recommended meman-
tine IR regimen, although possible clinical benefits of the
higher dosage regimen have not been assessed in a com-
parative trial. Nevertheless, pharmacokinetic data indicate
greater drug exposure with memantine ER 28 mg once
daily compared with memantine IR 10 mg twice daily
(Sect. 3), and the slow release of drug from the ER for-
mulation may have contributed to the relatively low fre-
quency of adverse events reported in the phase III trial with
memantine ER 28 mg once daily (Sect. 5) [21]. The authors
of the phase III study noted that the frequency of adverse
events with memantine ER in their trial was generally
lower than that reported in previous studies with meman-
tine IR in patients with moderate to severe Alzheimer’s
disease, although this observation would need to be tested
in a study directly comparing these formulations [21].
Pharmacological treatment options for Alzheimer’s
disease are currently limited to cholinesterase inhibitors
and memantine. These drugs can provide symptomatic
improvement in Alzheimer’s disease, but they do not
provide disease-modifying effects [1, 36]. Among the
cholinesterase inhibitors available in the USA, donepezil
and rivastigmine transdermal system are approved for all
stages of Alzheimer’s disease, whereas oral rivastigmine,
galantamine and tacrine (which is rarely used because of
associated hepatotoxicity) are approved for mild to mod-
erate Alzheimer’s disease, and a high-dose formulation of



Memantine Extended Release: A Review

895

donepezil is approved for moderate to severe disease [37,
38]. Memantine ER and IR are approved for moderate to
severe Alzheimer’s disease, either alone or in combination
with a cholinesterase inhibitor [6, 13]. Also of note is that a
fixed-dose combination of memantine ER plus donepezil
(Namzaric™) recently received US FDA approval [39]. In
general, the selection of drug therapy for patients with
Alzheimer’s disease should be based on individualized
assessment and take into consideration tolerability, ease of
administration and cost, as the effectiveness of these drugs
varies from person to person and there is no strong evi-
dence favouring one agent over another in terms of efficacy
[1, 36]. However, short-term trials in patients with mod-
erate to severe Alzheimer’s disease generally indicate that
combination therapy with memantine plus cholinesterase
inhibitors provides greater benefit than cholinesterase in-
hibitors alone [40], as was demonstrated in the phase III
trial with memantine ER (Sect. 4) [21].

In the large, multinational, phase III trial discussed in
Sect. 4, the addition of memantine ER 28 mg once daily to
ongoing cholinesterase inhibitor therapy in patients with
moderate to severe Alzheimer’s disease was associated with
modest but statistically significant improvements on mea-
sures of cognition (using the SIB instrument) and global
clinical status (CIBIC-Plus), which were the co-primary
endpoints of the study [21]. Add-on therapy with memantine
ER was also statistically superior to placebo (i.e. cholines-
terase monotherapy) on measures of behaviour (NPI) and
verbal fluency (VFT). While these results reflect changes in
scores from baseline to study endpoint (week 24) for the
overall cohort (Sect. 4.1), a post hoc analysis showed
treatment effects over the entire course of the trial (Sect.
4.2.3). Several other post hoc analyses provided additional
information, such as detailed assessments of treatment ef-
fects on cognition, behaviour, function, and language and
communication, as well as treatment response by disease
severity (Sect. 4.2). These data, as well as a prospectively
defined assessment of treatment efficacy in the subgroup of
patients receiving donepezil (Sect. 4.3), support and expand
upon the findings of the key phase III trial.

In the only cost-effectiveness analysis focusing on the
newer formulation, the addition of memantine ER to choli-
nesterase inhibitor therapy dominated (i.e. was less costly
and more effective than) cholinesterase inhibitor mono-
therapy in patients with moderate to severe Alzheimer’s
disease (reported as an abstract/poster) [41]. The analysis
modelled costs and outcomes over a 3-year time horizon
using data from the 24-week phase III study (Sect. 4.1) and
other clinical trial data, and was conducted from the
healthcare payer and societal perspectives in the USA. Re-
sults were similar from both perspectives and were primarily
driven by reductions in the need for institutional care in pa-
tients receiving add-on therapy with memantine ER.

Although the phase III trial with memantine ER as add-
on therapy to cholinesterase inhibitors was relatively short
(~6 months) in duration [21], the long-term benefits of
combination therapy with memantine IR and cholinesterase
inhibitors have been shown in several observational studies
in patients with probable Alzheimer’s disease [42—45]. For
example, in one analysis (n = 382) with a mean follow-up
of 30 months, combination therapy was associated with a
slowing of cognitive and functional decline compared with
cholinesterase monotherapy or no pharmacotherapy [43].
Another study (n = 943) showed that combination therapy
extended the time to nursing home admission compared
with cholinesterase monotherapy or no pharmacotherapy
[44]. In addition, persistent treatment with cholinesterase
inhibitors and/or memantine slowed clinical disease pro-
gression assessed by multiple cognitive, functional and
global outcome measures in another analysis [45].

In conclusion, memantine has been used for more than a
decade in the management of patients with moderate to severe
Alzheimer’s disease, and memantine ER capsules (mainte-
nance/maximum dosage 28 mg once daily) became available
more recently in the USA for this indication. The efficacy and
tolerability of memantine ER 28 mg once daily was demon-
strated in a large, multicentre, phase III trial. It is unclear
whether memantine ER 28 mg once daily, with its more
convenient regimen and higher total daily dosage, provides
clinical advantages over memantine IR 10 mg twice daily, as
it has not been evaluated in a comparative clinical trial.

Data selection sources: Relevant medical literature (including
published and unpublished data) on memantine extended release
was identified by searching databases including MEDLINE (from
1946) and EMBASE (from 1996) (searches last updated 15 Apr
2015), bibliographies from published literature, clinical trial
registries/databases and websites. Additional information was
also requested from the company developing the drug.

Search terms: Memantine, Namenda, ER, extended release
Study selection: Studies in patients with Alzheimer’s disease
who received memantine extended release. When available,
large, well designed, comparative trials with appropriate statis-
tical methodology were preferred. Relevant pharmacodynamic
and pharmacokinetic data are also included.

Disclosure The preparation of this review was not supported by any
external funding. During the peer review process, the manufacturer of
the agent under review was offered an opportunity to comment on the
article. Changes based on any comments received were made by the
author on the basis of scientific and editorial merit. Greg Plosker is a
salaried employee of Adis/Springer.
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