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LZHEIMER DISEASE (AD) 1S A
neurodegenerative disorder
characterized by cognitive de-
cline, impaired performance
of activities of daily living, and behav-
ioral and psychiatric signs and symp-
toms. Pathological features of AD in-
clude intraneuronal neurofibrillary
tangles containing abnormally phos-
phorylated tau protein, extracellular
amyloid plaques containing the pep-
tide B amyloid, neuronal cell death, and
anatomic as well as functional impair-
ment of neurotransmitter systems.'*
Alzheimer disease affects approxi-
mately 4.5 million people in the United
States.> Treatments approved by the
Food and Drug Administration were
previously limited to monotherapy with
cholinesterase inhibitors in patients
with mild to moderate AD.? In Octo-
ber 2003, the Food and Drug Admin-
istration approved memantine for the
treatment of moderate to severe AD;
memantine is now available in more
than 40 countries worldwide.
Memantine, a low- to moderate-
affinity, uncompetitive N-methyl-D-
aspartate (NMDA) receptor antago-
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Context Memantine is a low- to moderate-affinity, uncompetitive N-methyl-b-
aspartate receptor antagonist. Controlled trials have demonstrated the safety and ef-
ficacy of memantine monotherapy for patients with moderate to severe Alzheimer dis-
ease (AD) but no controlled trials of memantine in patients receiving a cholinesterase
inhibitor have been performed.

Objective To compare the efficacy and safety of memantine vs placebo in patients
with moderate to severe AD already receiving stable treatment with donepezil.

Design, Setting, and Participants A randomized, double-blind, placebo-
controlled clinical trial of 404 patients with moderate to severe AD and Mini-Mental
State Examination scores of 5 to 14, who received stable doses of donepezil, con-
ducted at 37 US sites between June 11, 2001, and June 3, 2002. A total of 322 pa-
tients (80%) completed the trial.

Interventions Participants were randomized to receive memantine (starting dose 5
mg/d, increased to 20 mg/d, n=203) or placebo (n=201) for 24 weeks.

Main Outcome Measures Change from baseline on the Severe Impairment Bat-
tery (SIB), a measure of cognition, and on a modified 19-item AD Cooperative Study—
Activities of Daily Living Inventory (ADCS-ADL,s). Secondary outcomes included a Cli-
nician's Interview-Based Impression of Change Plus Caregiver Input (CIBIC-Plus), the
Neuropsychiatric Inventory, and the Behavioral Rating Scale for Geriatric Patients (BGP
Care Dependency Subscale).

Results The change in total mean (SE) scores favored memantine vs placebo treat-
ment for SIB (possible score range, 0-100), 0.9 (0.67) vs -2.5 (0.69), respectively
(P<<.001); ADCS-ADL,s (possible score range, 0-54), -2.0 (0.50) vs -3.4 (0.51), re-
spectively (P=.03); and the CIBIC-Plus (possible score range, 1-7), 4.41 (0.074) vs
4.66 (0.075), respectively (P=.03). All other secondary measures showed significant
benefits of memantine treatment. Treatment discontinuations because of adverse events
for memantine vs placebo were 15 (7.4%) vs 25 (12.4%), respectively.

Conclusions In patients with moderate to severe AD receiving stable doses of done-
pezil, memantine resulted in significantly better outcomes than placebo on measures
of cognition, activities of daily living, global outcome, and behavior and was well tol-
erated. These results, together with previous studies, suggest that memantine repre-
sents a new approach for the treatment of patients with moderate to severe AD.
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nist, represents the first member of a new
class of medications showing clinical
benefit and good tolerability in AD. Al-
though other NMDA receptor modula-
tors (eg, milacemide and D-cycloser-
ine) have failed in development as
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potential AD therapeutic agents,*
memantine has exhibited efficacy and
safety in a recent placebo-controlled trial
in outpatients with moderate to severe
AD and in an earlier study in nursing
home patients with dementia.®” An
open-label study suggested that the com-
bination of memantine and various
cholinesterase inhibitors was well tol-
erated.® We hypothesized that admin-
istration of memantine to patients with
moderate to severe AD receiving stable
donepezil therapy would result in clini-
cal benefit and would be safe and well
tolerated.

METHODS
Participants

The trial was conducted from June 11,
2001, through June 3, 2002. Partici-
pants were recruited from 37 US sites;
404 patients who had a diagnosis of
probable AD, according to the Na-
tional Institute of Neurological and
Communicative Disorders and Stroke—
Alzheimer Disease and Related Disor-
ders Association criteria, were en-
rolled. Inclusion criteria were as follows:
Mini-Mental State Examination (MMSE)
score of 5 to 14 at both screening and
baseline; minimum age of 50 years; a re-
cent magnetic resonance imaging or
computed tomographic scan (within 12
months) consistent with a diagnosis of
probable AD; ongoing cholinesterase in-
hibitor therapy with donepezil for more
than 6 months before entrance into the
trial and at a stable dose (5-10 mg/d) for
at least 3 months; a knowledgeable and
reliable caregiver to accompany the pa-
tient to research visits and oversee the
administration of the investigational
agent during the trial; residence in the
community; ambulatory or ambulatory-
aided (ie, walker or cane) ability; and
stable medical condition. Patients were
permitted to continue receiving stable
doses of concomitant medications, in-
cluding antidepressants, antihyperten-
sives, anti-inflammatory drugs, atypi-
cal antipsychotics, antiparkinsonian
drugs, anticoagulants, laxatives, diuret-
ics, and sedatives/hypnotics.

Patients were excluded for clinically
significant By, or folate deficiency; ac-
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tive pulmonary, gastrointestinal, renal,
hepatic, endocrine, or cardiovascular dis-
ease; other psychiatric or central ner-
vous system disorders; computed tomo-
graphic or magnetic resonance imaging
evidence of clinically significant central
nervous system disorders other than
probable AD; dementia complicated by
other organic disease; or a modified
Hachinski Ischemia Score?® of more than
4 at screening. Written informed con-
sent was obtained from the caregiver and
either the patient (if possible) or a le-
gally acceptable representative (if differ-
ent from the caregiver) before the ini-
tiation of any study-specific procedures.
The study was reviewed and approved
by the institutional review board at each
site.

Interventions

This study was a prospective random-
ized, placebo-controlled, parallel-
group, fixed-dose trial in which partici-
pants were assigned to double-blind
treatment for 24 weeks, with a 1- to
2-week single-blind placebo lead-in pe-
riod before randomization solely to as-
sess compliance. Patients were ran-
domly allocated to 1 of the 2 treatment
groups in permuted blocks of 4 in ac-
cordance with the randomization list
generated and retained by the Depart-
ment of Biostatistics at Forest Labora-
tories. At the baseline visit, each inves-
tigator sequentially assigned a
randomization number to each pa-
tient. No individual patient randomiza-
tion code was revealed during the trial.

Patients assigned to double-blind
memantine treatment were titrated in
5-mg weekly increments from a start-
ing dose of 5 mg/d to 20 mg/d (admin-
istered as two 5-mg tablets twice daily)
at the beginning of week 4. Masked
study medication was supplied to each
study site for dispensation in blister
packs at each visit. Drug and placebo
tablets were visually identical and all pa-
tients received 4 tablets of study medi-
cation daily (in combinations of
memantine [5 mg| and matching pla-
cebo tablets). All patients were to main-
tain stable donepezil therapy at entry
dose as prescribed by the patient’s phy-
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sician for the duration of the study; ad-
herence to this protocol was moni-
tored by routine assessment of
concomitant medication use. Any
change in the dosing regimen or dis-
continuation of donepezil was re-
corded, and patients were discontin-
ued from the study if the inclusion
criterion of concomitant donepezil
therapy was no longer met. From week
3 to the end of week 8 of double-blind
treatment, transient dosage adjust-
ments for memantine treatment were
permitted for patients experiencing
dose-limiting adverse events. All pa-
tients receiving memantine were re-
quired to receive the target dose of 20
mg/d by the end of week 8. Patients not
tolerating the target dose by week 8
were disenrolled. Adherence with study
medication was assessed by returned
tablets and more than 95% of both treat-
ment groups had more than 75% com-
pliance (95% for the placebo-
treatment group and 96.5% for the
memantine-treatment group). Most pa-
tients who completed the double-
blind phase entered the currently on-
going open-label extension.

Outcome Measures

Cognitive, functional, and global out-
come measures were obtained at base-
line and at the end of weeks 4, 8,12, 18,
and 24, unless otherwise specified. Pa-
tients who discontinued prematurely
were evaluated during the final visit. The
primary efficacy parameters were the
change from baseline on the Severe Im-
pairment Battery (SIB) and on a modi-
fied 19-item AD Cooperative Study—
Activities of Daily Living Inventory
(ADCS-ADL,y) at week 24.

The SIB is a 40-item test developed
for the evaluation of cognitive dysfunc-
tion in patients with more severe AD.
Six primary subscales assess memory,
orientation, language, attention, visuo-
spatial ability, and construction. In ad-
dition, the scale assesses praxis, social
interaction, and orienting to name.'%!!
Validity, reliability, and sensitivity to
longitudinal change have been estab-
lished.'®! The SIB scores range from 0
to 100, with higher scores reflecting
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higher levels of cognitive ability. The
SIB was assessed at baseline and all sub-
sequent visits.

The ADCS-ADL,, was the second
primary efficacy instrument.'? This
19-item subset of the original 42-item
inventory focuses on items appropri-
ate for the assessment of later stages of
dementia (ie, the level of indepen-
dence in performing everyday tasks
including eating, walking, grooming,
telephone use, hobbies, complex tasks,
and communications). The sensitivity
and reliability of this modification
have been established.!> The ADCS-
ADL,, was administered as an inter-
view to the patient’s caregiver and
focused on the performance of each
activity of daily living during the pre-
vious 4 weeks. Possible scores range
from 0 to 54. Higher scores reflect
higher levels of functioning. The
ADCS-ADL,, was assessed at baseline
and all subsequent visits.

The secondary outcomes included a
Clinician’s Interview-Based Impres-
sion of Change Plus Caregiver Input
(CIBIC-Plus),"* the Neuropsychiatric
Inventory (NPI), and the Behavioral
Rating Scale for Geriatric Patients
(BGP). The CIBIC-Plus was adminis-
tered according to the format of the Alz-
heimer Disease Cooperative Study—
Clinician’s Global Impression of
Change. The CIBIC-Plus is used to as-
sess the effect of medication on over-
all clinical status in patients with de-
mentia, incorporating caregiver
observations as well as patient inter-
views. Change is rated on a scale from
1 (marked improvement) to 7 (marked
worsening). A global assessment of se-
verity of illness was made at baseline;
the CIBIC-Plus was assessed at all post-
baseline visits.

The NPI was designed to assess the
frequency and severity of behavioral
symptoms in patients with dementia,
based on an interview of the care-
giver.”” The 12-item version of the in-
strument was used with a total score
ranging from 0 to 144. Higher scores
reflect greater symptoms. The NPI was
assessed at baseline, at the end of week
12, and at the final visit.
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The BGP consists of 35 items (scored
0, 1, or 2 by the rater) assessing ob-
servable aspects of cognition, func-
tion, and behavior.'® A higher score re-
flects worse function. The BGP care
dependency subscale reflects cogni-
tive and functional characteristics as-
sociated with increased need for care.
The BGP was administered at baseline
and the final visit.

The Functional Assessment Staging
(FAST) was administered as an index
of staging and not as a secondary out-
come.'” The FAST evaluates a pa-
tient’s ability to perform daily and nec-
essary life activities and is divided into
7 major stages, from normality (FAST
stage 1) to severe dementia (FAST stage
7). Stages 6 and 7 are further divided
into 11 substages (6a to 6e and 7a to
7t), each of which is based on specific
functional deficits. The FAST was ad-
ministered at baseline and the final visit.

Concomitant medications and vital
signs were recorded at every visit; ad-
verse events were recorded at baseline
and all subsequent visits; and labora-
tory tests, electrocardiograms, and physi-
cal examinations were performed at the
screening and final visits.

Sample Size

Assuming a hypothetical effect size of
0.35, a sample size of at least 170 pa-
tients in each treatment group pro-
vided a 90% power at a 2-sided o level
of .05, based on a 2-sample t test for
change from baseline to week 24 in both
SIB and ADCS-ADL, scores.

Statistical Analyses

Three populations were considered in
the statistical analyses. The random-
ized population consisted of all pa-
tients randomized into the study
(n=404); the safety population con-
sisted of all randomized patients who
received at least 1 dose of double-
blind study medication (n=403); the
modified intent-to-treat population
specified by the protocol consisted of
patients in the safety population who
completed at least 1 postbaseline SIB or
ADCS-ADL,, assessment (n=395). The
statistical analysis plan for this study
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stipulated that only postbaseline data
could be carried forward. Particularly
for the CIBIC-Plus, it is not possible to
carry forward baseline data because by
definition this is a change score and is
not applicable to baseline. All efficacy
analyses were based on the modified in-
tent-to-treat population. Primary effi-
cacy analyses were conducted by us-
ing the last observation carried forward
(LOCF) approach for missing data im-
putation. Supportive analyses were per-
formed by using the observed case ap-
proach. Change from baseline was
compared between memantine and pla-
cebo groups using a 2-way analysis of
covariance, with treatment group and
center as main effects and baseline total
score as the covariate. The study was
to be declared positive if memantine
was statistically significantly better than
placebo (P<<.05) on both the SIB and
ADCS-ADL,,. For categorical mea-
sures, the Cochran-Mantel-Haenszel
statistic using modified Ridit scores
(Van Elteren test) controlling for study
center was used to compare distribu-
tions between memantine and pla-
cebo groups. No interim analyses were
performed. SAS version 6.12 (SAS In-
stitute, Cary, NC) was used for all
analyses.

RESULTS
Participants

The trial profile is summarized in
FIGURE 1. Of the 404 patients who en-
tered the study, 201 were randomized
to placebo and 203 were randomized
to memantine (1 in the memantine
group withdrew consent before receiv-
ing treatment). No patients were ex-
cluded during the placebo lead-in pe-
riod for lack of compliance. Significantly
more participants in the memantine
group (n=172, 85.1%) completed the
study than in the placebo group
(n=150, 74.6%, P=.01). No patients
discontinued because of changes in ad-
ministration of donepezil.

The demographic and clinical char-
acteristics of the 2 groups at baseline
are summarized in TABLE 1. Patients in
the memantine group were slightly
heavier (P=.003) than those in the pla-
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]
Figure 1. Study Flow

589 Patients Assessed

for Eligibility
185 Excluded

404 Randomized

201 Assigned to Receive
Placebo

203 Assigned to Receive
Memantine
1 Withdrew Before
Receiving Study
Medication

\
30 Discontinued Study
Participation
15 Adverse Events
8 Withdrew Consent
1 Protocol Violation
1 Insufficient

5

Discontinued Study

Participation

25 Adverse Events

16 Withdrew Consent
5 Protocol Violation
3 Insufficient

Therapeutic Therapeutic
Response Response
2 Other 5 Other

‘ 150 Completed Study ‘ ‘ 172 Completed Study ‘

197 Included in Primary 198 Included in Primary
Analysis Analysis

cebo group; retrospectively adding this
variable to the analysis of covariance did
not affect the primary outcomes. No
clinically relevant group differences
were observed for the duration of done-
pezil use before baseline or for any other
characteristic at baseline. Most pa-
tients (87%) had a FAST rating be-
tween 4 and 6¢. The most frequent
medical conditions were not re-
corded, but the following body sys-
tems were noted to be affected at screen-
ing for placebo and memantine groups,
respectively: eyes-ears-nose-throat (43%
and 43%), neurological (34% and 38%),
appearance/skin (40% and 33%), mus-
culoskeletal (29% and 29%), cardio-
vascular (20% and 23%), abdomen
(12% and 17%), head/neck (6% and
9%), other (10% and 9%), and pulmo-
nary (3% and 5%). The most frequent
medication classes (>20%) used dur-
ing treatment with placebo and meman-
tine, respectively, were vitamins (74%
and 77%), analgesics (48% and 48%),
antidepressants (36% and 36%), min-
eral supplements (22% and 27%), lipid-
reducing agents (23% and 25%), anx-
iolytics/neuroleptics (26% and 22%),
and anti-inflammatory agents (21% and
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24%). There were no statistically sig-
nificant differences between groups in
the number or type of medical disor-
ders experienced previously or at the
time of enrollment, or in the number
or type of concomitant medications
used during the study.

Efficacy

Statistically significant benefits of treat-
ment with memantine vs treatment with
placebo were observed on all primary
and secondary outcome measures as pre-
sented. TABLE 2 summarizes primary
and secondary efficacy outcomes at week
24 and at end point, using both the ob-
served case and LOCF analytical ap-
proaches.

Primary Outcomes

Analyses using the LOCF approach
showed a statistically significant ben-
efit of memantine treatment vs treat-
ment with placebo on the SIB (P<<.001)
and the ADCS-ADL,, (P=.03), as did
analyses using the observed case ap-
proach (P<<.001 for SIB; P=.02 for
ADCS-ADL,o). Post hoc analyses in-
cluding all randomized patients also
showed statistically significant ben-
efits consistent with analyses using the
modified intent-to-treat population (for
SIB, P<.001 and for ADCS-ADL,,
P=.03).

FIGURE 2 depicts the mean change
from baseline by visit and at end point
on the SIB by using observed case and
LOCEF, showing statistically signifi-
cant differences between the meman-
tine and placebo groups at all visits be-
ginning at week 8; the mean SIB values
for the patients receiving memantine re-
mained above baseline throughout the
trial. Figure 2 also depicts the mean
change in total ADCS-ADL,, from base-
line by visit and at end point by using
observed case and LOCF, respec-
tively, showing a statistically signifi-
cant difference (P<<.05) from placebo
beginning at week 4.

Secondary Outcomes

A CIBIC-Plus score was used as a mea-
sure of overall clinical response to
therapy. The mean CIBIC-Plus score was
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statistically significantly better for the
memantine group vs the placebo group
using both observed case and LOCF
(Table 2). Furthermore, 55% of the
memantine group was rated as improved
or unchanged vs 45% of the placebo
group at end point. FIGURE 3 provides
the distribution of CIBIC-Plus ratings at
end point using LOCF analysis.

The total NPI score was signifi-
cantly lower for the memantine group
compared with the placebo group at
week 24 (P=.01 with observed case
analysis and P=.002 with LOCF), rep-
resenting fewer behavioral distur-
bances and psychiatric symptoms for
patients in the memantine group. The
BGP care dependency subscale was also
statistically significantly improved for
the memantine group compared with
the placebo group (P=.001 using ob-
served case and P=.001 using LOCF;
Table 2).

Safety and Tolerability

Overall treatment-emergent adverse
events are summarized in TABLE 3.
More participants (n=25,12.4%) in the
placebo-treated group discontinued
prematurely because of adverse events
than in the memantine group (n=15,
7.4%; Figure 1). The adverse event most
often associated with discontinuation
was confusion, resulting in discontinu-
ation in 1.5% of patients in the pla-
cebo group and 2% in the memantine
group.

Adverse events occurred in 72% of the
placebo and 78% of the memantine
groups. Most adverse events were rated
as mild or moderate in severity and were
judged to be not related to study drug
for participants in both treatment
groups. The only adverse events that oc-
curred in at least 5% of the memantine
group and with an incidence of at least
twice that of the placebo group were
confusion (7.9% vs 2.0%, respectively;
P=.01) and headache (6.4% vs 2.5%, re-
spectively; P=.09). By similar criteria,
lower incidences of diarrhea (4.5% vs
8.5%) and fecal incontinence (2.0% vs
5.0%) were observed in the memantine
group compared with the placebo
group, respectively. Other gastrointes-
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tinal effects of interest for patients re-
ceiving cholinesterase inhibitors in-
cluded nausea, which was reported by
3.5% of the placebo group and 0.5% of
the memantine group, and constipa-
tion, which was reported by 1.5% of the

MEMANTINE AND DONEPEZIL IN ALZHEIMER DISEASE

COMMENT

To our knowledge, this is the first pub-
lished, prospective, double-blind, pla-
cebo-controlled study examining the
benefits of an NMDA receptor antago-
nist in patients with AD receiving a

stable dose of donepezil. Efficacy of
memantine was significantly better than
placebo for treatment of moderate to se-
vere AD in community-dwelling pa-
tients. Specifically, measures of cogni-
tive function, activities of daily living,

placebo group and 3.0% of the meman-
tine group.
Of the patients who experienced con-

]
Table 1. Baseline Demographic and Clinical Characteristics™

fusion, 4 (25%) of 16 patients receiv- N Placebo Memantine
ing memantine discontinued treat- v Characteristics (n = 201) (n = 202)
ment because of this adverse event, Wen e (Z ) 1;; (27)
whereas 3 (75%) of 4 patients receiv- omen 67) (63

. . Age, mean (SD), y 75.5 (8.73) 75.5 (8.45)
ing placebo did so. In most of the pa- :

. .. . Weight, mean (SD), kg 66.4 (14.12) 70.7 (14.31)t
tients receiving memantine, confu- :

. i White race 186 (92.5) 182 (90.1)
sion was rated as mild, occurred at a
median of 32 days, and remitted within  vo- S00re, mean (SO} 102 (2.99) 98.19)
2 ks. In yti’ . vin 1 Duration of donepezil treatment, mean (SD), wk 129 (70.3) 126 (64.9)

l‘:’ee S'f patients ecei,i lgtp li— Donepezil dose, mean (SD), mg 9.49 (1.88) 9.25 (1.79)
ce ‘z{ contusion was mo;e 1kely g_ € Any concurrent medical condition 149 (74.1) 149 (73.8)
rated as severe, Ocmurre at ‘a median Any concomitant medication during treatment 197 (98.0) 197 (97.5)
of 55 days, and did not remit. No pa-

. di X db { head Tocopherol 120 (59.7) 131 (64.9)
“e}rl‘ts ;C‘}’lmmuﬁ : ecagseé’ ead- Multivitamins 78 (38.8) 80 (39.6)
ache, which usually lasted 1 day. Acetylsalicylic acid 76 (37.8) 73 (36.1)

No clinically significant differences Ascorbic acid 35 (17.4) 43219
were detected between treatment groups Paracetamol 5 (12.4) 32 (158
in Fhe mean chapgg from baseline to.end Ginkgo biloba 4(11.9 31 (15.9)
point or in the incidence of potentially Caloium 1(10.4) 25 (12.4)

clinically significant values for labora-
tory tests, vital sign measurements, or
electrocardiogram parameters.

Abbreviation: MMSE, Mini-Mental State Examination.

*Data are No. (%) unless otherwise specified. One randomized patient discontinued the study prior to receiving any
treatment and was not included in the analyses.

1P =.0083.

|
Table 2. Efficacy Outcomes at Week 24 (Observed Case) and at End Point (LOCF)*

Least Squares Mean Score (SE)

]
Change From Baseline

Baseline End Point LOCFt Week 24 Observed Case
Outcome Measure l Placebo MemantineI l Placebo Memantine PVaIueI l Placebo Memantine PVaIueI

SIB 80.0 (1.13) 78.0(1.11) -2.5(0.69) 0.9 (0.67) <.001 -2.4(0.74) 1.0 (0.70) <.001
No. of patients 197 198 196 198 153 171

ADCS-ADL g 35.8(0.74) 355(0.73) -3.4(0.51) -2.0(0.50) .03 -3.3(0.55) -1.7 (0.51) .02
No. of patients 197 198 197 198 152 172

CIBIC-Plust NA NA 4.66 (0.075) 4.41(0.074) .03 4.64 (0.087) 4.38(0.081) .03
No. of patients 197 198 196 198 152 172

NPI 13.4(1.08) 13.4(1.07) 3.7 (0.99) -0.1(0.98) .002 2.9 (1.06) -0.5(0.99) .01
No. of patients 197 198 189 193 152 171

BGP Care Dependency Subscale 9.8 (0.46) 9.5 (0.45) 2.3 (0.38) 0.8 (0.37) .001 2.2 (0.40) 0.6 (0.37) .001
No. of patients 196§ 198 179 185 151 172

Abbreviations: ADCS-ADL,, 19-item Alzheimer Disease Cooperative Study—Activities of Daily Living Inventory; BGP, Behavioral Rating Scale for Geriatric Patients; CIBIC-Plus,
Clinician’s Interview-Based Impression of Change Plus Caregiver Input; LOCF, last observation carried forward; NA, not applicable; NPI, Neuropsychiatric Inventory; SIB, Severe
Impairment Battery.

*#SIB range of possible scores, 0 to 100; higher score indicates better function. ADCS-ADL,4 range of possible scores, 0 to 54; higher score indicates better function. CIBIC-Plus
was defined as a change score, therefore baseline values are not applicable; range of possible scores, 1 (marked improvement) to 7 (marked worsening). NPI range of possible
scores, 0 to 144, higher scores indicate worse symptoms. BGP range of possible scores, O to 70; higher scores indicate worse function.

TFor the end point LOCF approach, only postbaseline assessments were carried forward.

FArithmetic mean.

§0One patient had an incomplete BGP baseline assessment and was not included.
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Figure 2. SIB and ADCS-ADL,, by Visit (Observed Case) and at End Point (LOCF)

Severe Impairment Battery

Alzheimer Disease Cooperative Study—

5 Activities of Daily Living Inventory
407 5 104
] T 3 ® Memantine
e o] 5 05
c 3.0 g T T O Placebo
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Baseline 4 8 12 18 24 End Point Baseline 4 8 12 18 24 End Point
‘ (LOCF) | | (LOCF)
Study Week Study Week
No. of Patients No. of Patients
Memantine 198 197 190 185 181 171 198 Memantine 198 198 190 185 181 172 198
Placebo 197 194 180 169 164 153 196 Placebo 197 195 182 170 163 162 197
LS Mean Difference -12 -15 3.1 2.7 -3.4 -3.4 LS Mean Difference -08 -11 -13 -1.4 -1.6 -1.4
P Value .06 .03 <.001 .006 <.001 <.001 P Value .03 .01 .02 .03 .02 .03

SIB indicates Severe Impairment Battery; ADCS-ADL;s, 19-item Alzheimer Disease Cooperative Study-Activities of Daily Living Inventory; LOCF, last observation car-
ried forward. For the Severe Impairment Battery, the mean (SD) score at baseline was 79.8 (14.18) for the placebo group and 77.8 (15.46) for the memantine group.
For the Alzheimer Disease Cooperative Study—Activities of Daily Living Inventory, the mean (SD) score at baseline was 36.2 (9.32) for the placebo group and 35.9
(9.75) for the memantine group. Only patients with at least 1 postbaseline assessment were included in the LOCF analysis. The end point is the last nonmissing post-
baseline assessment carried forward to end of study. Error bars indicate SEM.

Figure 3. Distribution of CIBIC-Plus Ratings at End Point (LOCF)
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CIBIC-Plus indicates Clinician's Interview-Based Impression of Change Plus Caregiver Input; LOCF, last ob-
servation carried forward. P=.03 for the comparison between the distribution of values for the memantine
and placebo groups, determined by the Cochran Mantel-Haenszel statistic using modified Ridit scores (Van

Elteren test) controlling for study center.

behavior, and clinical global status were
significantly improved with meman-
tine compared with placebo. Treat-
ment with memantine during the
6-month trial in patients with MMSE
scores of 5 to 14 resulted in the main-
tenance of cognitive function (0.9 in-
crease in SIB score compared with
baseline), whereas treatment with pla-
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cebo was associated with cognitive de-
cline (2.5 decrease in SIB score com-
pared with baseline). In comparison, the
AD Cooperative Study group reported
that for untreated patients with AD with
MMSE scores of 5 to 9, the mean de-
terioration rate on the SIB was roughly
3.19 per month and for untreated pa-
tients with AD with MMSE scores of 10
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to 15, the rate of change was 2.08 per
month.'’ Treatment with memantine
was associated with less decline on the
CIBIC-Plus.

These efficacy findings confirm and
extend results from previous placebo-
controlled trials of memantine in de-
mentia. A 12-week multicenter Euro-
pean trial® of memantine 10 mg/d was
conducted in 166 nursing home resi-
dents with severe dementia, including
both Alzheimer type and vascular de-
mentias, diagnosed by Diagnostic and
Statistical Manual of Mental Disorders,
Revised Third Edition criteria'® (mean
baseline MMSE of 6.3). Significant ben-
efit of memantine vs placebo was ob-
served on the Clinician’s Global Im-
pression of Change and the BGP care
dependency subscale, and there were
no clinically relevant differences in ad-
verse events between memantine (219%)
and placebo (22%) groups. A more re-
cent 28-week multicenter US trial of
memantine 20 mg/d monotherapy was
conducted in 252 patients with mod-
erate to severe probable AD by the Na-
tional Institute of Neurological and
Communicative Disorders and Stroke—
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Alzheimer Disease and Related Disor-
ders Association criteria and who were
not permitted to receive a cholinester-
ase inhibitor.” Significant benefit of
memantine treatment was observed on
the ADCS-ADL,,, an assessment of
function, and on the SIB, an assess-
ment of cognition using both ob-
served case and LOCF approaches, and
on the CIBIC-Plus in the observed case
but not the LOCF analysis. Adverse
events were similar between the
memantine (84%) and placebo (87%)
groups.

Patients in the memantine mono-
therapy outpatient study’ were more cog-
nitively impaired (mean baseline MMSE
of 7.9), more functionally impaired
(mean baseline ADCS-ADL,, score of ap-
proximately 27), and experienced more
psychopathology (mean baseline NP1 of
approximately 20; rates of agitation as an
adverse event in 32% and 18% of pa-
tients treated with placebo and meman-
tine, respectively) than patients in-
cluded in this trial. In addition, the
magnitude of the memantine-placebo dif-
ferences in outcomes common to both
studies, as well as the magnitude of de-
cline in most measures over time, was
greater in the memantine monotherapy
study than observed in this trial. This
finding may be related to the higher se-
verity of dementia in patients enrolled in
the memantine monotherapy trial or be-
cause the present trial required donepe-
zil therapy and permitted use of most
psychotropics, factors which may have
contributed to slower rates of decline in
both the memantine and placebo groups.
However, this type of inference is specu-
lative given the absence of patients who
were not treated with donepezil. Simi-
lar to the finding in the present trial, dis-
continuation rates because of adverse
events in the monotherapy study were
lower in patients receiving memantine
than in those receiving placebo (10% vs
17%, respectively).” These trials sup-
port the efficacy of memantine for pa-
tients with moderate to severe AD.

Memantine administered at a dos-
age of 20 mg/d to patients receiving
stable doses of donepezil was safe and
well tolerated. Significantly more pa-

©2004 American Medical Association. All rights reserved.
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tients receiving placebo discontinued
the trial than patients receiving meman-
tine and the rate of discontinuation be-
cause of adverse events was lower in the
memantine-treated group than in the
placebo-treated group. The incidence
of individual adverse events was gen-
erally similar in the 2 groups. Confu-
sion, although occurring at a low fre-
quency, was more common in patients
receiving memantine than in those pa-
tients receiving placebo. However, it did
not lead to a greater proportion of dis-
continuations and was mild in inten-
sity and duration. The gastrointestinal
adverse effects associated with cholin-
ergic compounds were more com-
monly reported by patients receiving
placebo, which was suggestive of a pos-
sible amelioration of these adverse
events by the addition of memantine
treatment to patients receiving a stable
regimen of donepezil therapy. There
were no clinically significant meman-
tine-related mean changes in labora-
tory test results, vital signs, or electro-
cardiogram parameters.

There are limitations to the general-
izability of our results. The trial did not
address different doses or titration rates,
the use of other cholinesterase inhibi-
tors besides donepezil, or the impact of
commencing memantine therapy be-
fore donepezil. Although there is no
a priori reason to expect different re-
sults with other cholinesterase inhibi-
tors, studies of memantine in combi-
nation with other cholinesterase
inhibitors are being conducted to ad-
dress this issue. Furthermore, results
from an open-label European trial in-
dicated that tolerability was not af-
fected when donepezil or other cholin-
esterase inhibitors were administered
to patients already receiving meman-
tine or vice versa.® Preclinical studies
show that memantine does not affect
the inhibition of acetylcholinesterase by
donepezil, nor does it bind to musca-
rinic receptors.'”?! Furthermore, in
healthy volunteers, no pharmacoki-
netic or pharmacodynamic interac-
tions were observed between meman-
tine and donepezil.?? Although
memantine has demonstrated positive
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]
Table 3. Adverse Events Reported in at
Least 5% of Patients in Either Treatment
Group*

Adverse Event,

No. (%)
[ ]
Placebo Memantine
(n =201) (n =202)
Agitation 24 (11.9) 19 (9.4)
Confusion 4 (2.0 16 (7.9)
Fall 14 (7.0) 15 (7.4)
Influenza-like 13 (6.5) 15 (7.4)
symptoms
Dizziness 16 (8.0) 14 (6.9)
Headache 5(2.5) 13 (6.4)
Urinary tract infection 10 (5.0) 12 (6.9)
Urinary incontinence 6 (3.0 11 (5.4)
Accidental injury 16 (8.0) 10 (5.0)
Upper respiratory 13 (6.5) 10 (5.0
tract infection
Peripheral edema 8 (4.0) 10 (5.0
Diarrhea 17 (8.5) 9 (4.5)
Fecal incontinence 10 (5.0 4 (2.0

*Patients may have reported more than 1 adverse event.

cognitive effects in patients with mild
to moderate vascular dementia, the ef-
ficacy of memantine administered alone
or along with any cholinesterase in-
hibitor in other forms of dementia was
not systematically evaluated in this
trial. >

The long-term effects of memantine
and cholinesterase inhibitor treatment
were not addressed in this double-
blind trial but are the focus of the open-
label extension and other ongoing trials.
Considering that patients in this study
had been receiving stable long-term
donepezil therapy before enrollment, it
is possible that participants were more
likely to experience good tolerability and
efficacy in the trial, perhaps because of
having fewer medical problems or ex-
periencing a slower rate of decline than
patients without any prior AD treat-
ment. However, the use of concomi-
tant medications was typical for this el-
derly patient population and was similar
between the groups. In addition, the
dropout rate was approximately 15% in
the memantine group vs approxi-
mately 25% in the placebo group, a phe-
nomenon that perhaps led to an under-
estimation of the effect of memantine.

Drugs that target the glutamatergic
system appear to have a therapeutic role
in AD.”>** Memantine may block patho-
logical activation of NMDA receptors
while dissociating from the NMDA re-
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ceptor channel during normal physi-
ological conditions,” in theory improv-
ing cognition in states of glutamatergic
excess. It is plausible that combining
donepezil and memantine, which affect
separate neurotransmitter systems, may
confer independent clinical benefits.
However, given the complex intercon-
nection of different neurotransmitter
systems, a synergistic mechanism is also
plausible. Although the specific mecha-
nisms and interactions between these
therapies have not yet been defined, this
and other studies demonstrate that
memantine alone or together with a
cholinesterase inhibitor results in sig-
nificantly better outcomes than pla-
cebo in patients with moderate to se-
vere AD.

Author Affiliations: Departments of Psychiatry, Medi-
cine, Neurology, and the Center for Aging and De-
velopmental Biology, University of Rochester Medi-
cal Center, Monroe Community Hospital, Rochester,
NY (Dr Tariot); Department of Neurology, Indiana Uni-
versity School of Medicine, Indianapolis (Dr Farlow);
Department of Geriatric Psychiatry, St Louis Univer-
sity School of Medicine, St Louis, Mo (Dr Grossberg);
Forest Laboratories Inc, Jersey City, NJ (Drs Graham,
McDonald, and Gergel).

Financial Disclosures: Dr Tariot has received re-
search support, consultation fees, and honoraria from
Abbott, AstraZeneca, Bristol-Myers Squibb, Eisai, Eli
Lilly, Forest, Janssen, Novartis, Pfizer, and Schwabe.
Dr Farlow receives research support and consultation
fees from Axonyx, Bristol-Myers Squibb, Eisai, Eli Lilly,
EUNOE, Forest, Janssen, Novartis, Pfizer, and Schwabe.
Dr Grossberg received consultation fees from Astra-
Zeneca, Forest, Janssen, and Novartis and honoraria
from AstraZeneca, Forest, Janssen, and Novartis. Drs
Graham, McDonald, and Gergel are employees with
stock options at Forest Laboratories.

Author Contributions: Dr Tariot had full access to all
the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data
analysis.

Study concept and design: Tariot, Gergel.
Acquisition of data: Tariot, Farlow, McDonald.
Analysis and interpretation of data: Tariot, Farlow,
Grossberg, Graham, McDonald, Gergel.

Drafting of the manuscript: Tariot, Farlow, Gross-
berg, Graham.

Critical revision of the manuscript for important in-
tellectual content: Tariot, Farlow, Grossberg, Gra-
ham, McDonald, Gergel.

Statistical expertise: Gergel.

Obtained funding: Gergel.

Administrative, technical, or material support: Tariot,
Farlow, Graham, McDonald, Gergel.

Study supervision: Tariot, Farlow, Graham, McDonald,
Gergel.

Members of the Memantine Study Group: Paul S.
Aisen, MD, Washington, DC; Peter Aupperle, MD, Pis-
cataway, NJ; Barry Baumel, MD, Fort Lauderdale, Fla;
William Burke, MD, Omaha, Neb; Jody Corey-Bloom,
MD, PhD, San Diego, Calif; P. Murali Doraiswamy, MD,
Durham, NC; Larry Eisner, MD, Fort Lauderdale, Fla;
Martin R. Farlow, MD, Indianapolis, Ind; Mildred Farmer,
MD, St Petersburg, Fla; George T. Grossberg, MD, St

Louis, Mo; Daniel Grosz, MD, Northridge, Calif, Howard
A. Hassman, DO, Clementon, NJ; Jon Heiser, MD, New-
port Beach, Calif; Richard F. Holub, MD, Albany, NY;
Ari Kiev, MD, New York, NY; Louis Kirby, MD, Peoria,
Ariz; Steven Kobetz, MD, Miami, Fla; Anne M. Lipton,
MD, PhD, Dallas, Tex; Scott N. Losk, PhD, Portland,
Ore; David I. Margolin, MD, PhD, Fresno, Calif; Jef-
frey A. Mattes, MD, Princeton, NJ; Craig McCarthy, MD,
Mesa, Ariz; Barry Meyers, MD, White Plains, NY; Bruce
L. Miller, MD, San Francisco, Calif; Jacobo Mintzer, MD,
Charleston, SC; Eric Pfeiffer, MD, Tampa, Fla; Ralph
Richter, MD, FACP, Tulsa, Okla; Carl H. Sadowsky, MD,
FAAN, West Palm Beach, Fla; Beth Safirstein, MD, Fort
Lauderdale, Fla; Mary Sano, MD, New York, NY; Ben-
jamin Seltzer, MD, New Orleans, La; Joshua Shua-
Haim, MD, Lakehurst, NJ; Pierre N. Tariot, MD, Roch-
ester, NY; Harvey A. Tilker, PhD, Paducah, Ky; Larry
Tune, MD, Atlanta, Ga; Mahmood A. Usman, MD, Pitts-
burgh, Pa; Chris H. van Dyck, MD, New Haven, Conn.
Funding/Support: This study was supported by fund-
ing from Forest Research Institute, a division of For-
est Laboratories Inc.

Role of the Sponsor: Forest Laboratories provided all
financial and material support for the research, con-
sulted with the authors and the members of the
Memantine Study Group on the study design, moni-
tored the conduct of the study as well as the collec-
tion of the data, analyzed and interpreted the data,
and assisted the authors in the preparation, review,
and approval of the manuscript.

Independent Analysis: Weichung J. Shih, PhD, from
the University of Medicine and Dentistry of New Jer-
sey provided an independent statistical analysis con-
firming the primary efficacy results.
Acknowledgment: We thank James Jin, PhD, from For-
est Laboratories, who provided statistical support for
the analysis of the data, and Grace Lee, BA, from For-
est Laboratories, who provided editorial support for
the manuscript.

REFERENCES

1. Selkoe DJ. The molecular pathology of Alzhei-
mer's disease. Neuron. 1991,6:487-498.

2. Cummings JL, Cole G. Alzheimer disease. JAMA.
2002;287:2335-2338.

3. Hebert LE, Scherr PA, Bienias JL, Bennett BD, Evans
DA. Alzheimer's disease in the US population. Arch
Neurol. 2003;60:1119-1122.

4. Dysken MW, Mendels J, LeWitt P, et al. Mila-
cemide: a placebo-controlled study in senile demen-
tia of the Alzheimer type. J Am Geriatr Soc. 1992;40:
503-506.

5. Laake K, Oeksengaard AR. D-cycloserine for Alz-
heimer's disease. Cochrane Database Syst Rev. 2002;
(2):CD003153.

6. Winblad B, Poritis N. Memantine in severe demen-
tia: results of the M-BEST study (benefit and efficacy
in severely demented patients during treatment with
memantine). Int J Geriatr Psychiatry. 1999;14:135-
146.

7. Reisberg B, Doody R, Stoffler A, Schmitt F, Ferris
S, M6bius HJ. Memantine in moderate-to-severe Alz-
heimer's disease. N Engl J Med. 2003;348:1333-
1341.

8. Hartmann S, Mobius HJ. Tolerability of meman-
tine in combination with cholinesterase inhibitors in
dementia therapy. Int Clin Psychopharmacol. 2003;
18:81-85.

9. Rosen WG, Terry RD, Fuld PA, Katzman R, Peck
A. Pathological verification of ischemic score in dif-
ferentiation of dementias. Ann Neurol. 1980;7:486-
488.

10. Schmitt FA, Ashford W, Ernesto C, et al. The se-
vere impairment battery: concurrent validity and the
assessment of longitudinal change in Alzheimer's dis-

324 JAMA, January 21, 2004—Vol 291, No. 3 (Reprinted)

ease. Alzheimer Dis Assoc Disord. 1997;11(suppl 2):
$51-556.

11. Panisset M, Roudier M, Saxton J, Boller F. Se-
vere impairment battery: a neuropsychological test for
severely demented patients. Arch Neurol. 1994;51:
41-45.

12. Galasko D, Bennett D, Sano M, et al. An inven-
tory to assess activities of daily living for clinical trials
in Alzheimer's disease. Alzheimer Dis Assoc Disord.
1997;11(suppl 2):533-539.

13. Galasko DR, Schmitt FA, Jin S, et al. Detailed as-
sessment of cognition and activities of daily living in
moderate to severe Alzheimer's disease. Neurobiol Ag-
ing. 2000;21(suppl 1):5168.

14. Schneider LS, Olin JT, Doody RS, et al. Validity
and reliability of the Alzheimer's Disease Coopera-
tive Study—Clinical Global Impression of Change. Alz-
heimer Dis Assoc Disord. 1997;11(suppl 2):522-S32.
15. Cummings JL, Mega M, Gray K, Rosenberg-
Thompson S, Carusi DA, Gornbein J. The Neuropsy-
chiatric Inventory: comprehensive assessment of psy-
chopathology in dementia. Neurology. 1994,44:2308-
2314.

16. van der Kam P, Mol F, Wimmers M. Beoordel-
ingsschaal voor Oudere Patienten (BOP). Deventer,
the Netherlands: Van Loghum Slaterus; 1971.

17. Sclan SG, Reisberg B. Functional assessment stag-
ing (FAST) in Alzheimer's disease: reliability, validity, and
ordinality. Int Psychogeriatr. 1992;4(suppl 1):55-69.
18. American Psychiatric Association. Diagnostic and
Statistical Manual of Mental Disorders, Revised Third
Edition. Washington, DC: American Psychiatric As-
sociation; 1987.

19. Wenk GL, Quack G, Moebius H-J, Danysz W. No

Downloaded From: http://jama.jamanetwor k.com/ on 09/03/2014

interaction of memantine with acetylcholinesterase in-
hibitors approved for clinical use. Life Sci. 2000;66:
1079-1083.

20. Parsons CG, Danysz W, Quack G. Memantine is
a clinically well tolerated N-methyl-D-aspartate
(NMDA) receptor antagonist: a review of preclinical
data. Neuropharmacology. 1999;38:735-767.

21. Danysz W, Parsons CG, Kornhuber J, Schmidt WJ,
Quack G. Aminoadamantanes as NMDA receptor an-
tagonists and antiparkinsonian agents—preclinical stud-
ies. Neurosci Biobehav Rev. 1997;21:455-468.

22. Periclou A, Ventura D, Sherman T, Rao N,
Abramowitz W. A pharmacokinetic study of the NMDA
receptor antagonist memantine and donepezil in
healthy young subjects [abstract]. / Am Geriatr Soc.
2003;51:5225.

23. Wilcock G, Mobius HJ, Stoffler A. A double-
blind, placebo-controlled multicentre study of meman-
tine in mild to moderate vascular dementia
(MMMB500). Int Clin Psychopharmacol. 2002;17:297-
305.

24. Orgogozo JM, Rigaud AS, Stoffler A, Mébius HJ,
Forette F. Efficacy and safety of memantine in pa-
tients with mild to moderate vascular dementia: a ran-
domized, placebo-controlled trial (MMM 300). Stroke.
2002;33:1834-1839.

25. Greenamyre JT, Maragos WF, Albin RL, Penney
JB, Young AB. Glutamate transmission and toxicity in
Alzheimer's disease. Prog Neuropsychopharmacol Biol
Psychiatry. 1988;12:421-430.

26. Winblad B, Mdbius HJ, Stoffler A. Glutamate re-
ceptors as a target for Alzheimer's disease: are clini-
cal results supporting the hope? J Neural Transm Suppl.
2002;62:217-225.

©2004 American Medical Association. All rights reserved.



