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Effectiveness and safety of generic memantine hydrochloride
manufactured in China in the treatment of moderate to severe
Alzheimer’s disease: a multicenter, double-blind randomized
controlled trial

Minjie ZHU", Shifu XIAO'*, Guanjun LI*, Xia LI', Mouni TANG?, Siming YANG®, Xiufeng XU*
Lianyuan FENG’, Kaixiang LIU®, Lianping HU’

Background: Memantine hydrochloride is a N-methyl-D-aspartate (NMDA) antagonist that may be useful in
the treatment of Alzheimer’s disease.

Aim: Compare the efficacy and safety of generic memantine hydrochloride produced in China to that of the
imported proprietary version of the medication (Ebixa) in the treatment of moderate to severe Alzheimer’s
disease (AD).

Methods: In this multicenter, double-blind randomized controlled trial 229 patients with moderate to severe
AD were randomly assigned to a 16-week trial of either the generic preparation or the proprietary preparation
of memantine hydrochloride. All participants were assessed at baseline and at 4, 8, 12 and 16 weeks after
enrolment. The primary outcome variable was the Alzheimer Disease Assessment Scale-cognition (ADAS-Cog)
score. Secondary outcomes were scores in the Mini-Mental State Examination (MMSE), the Activities of Daily
Living (ADL) scale and the Clinical Global Impression (CGl) scale.

Results: Sample sizes for the safety set (SS) analysis, full analysis set (FAS) and per protocol set (PPS) analysis
were 112, 109 and 103 in the generic medication group, and 111, 107 and 101 in the proprietary medication
group, respectively. The ADAS-Cog and ADL total scores at the end of weeks 4, 8, 12, and 16 decreased
significantly compared with baseline for both groups (p<0.001) and the MMSE total scores at the end of
weeks 4, 8, 12, and 16 increased significantly compared with baseline for both groups (p<0.001). There were
no significant differences in ADAS-Cog total scores, ADL total scores and level of improvement based on the
CGlI scores between the two groups at any of the follow-up assessments. The occurrence of adverse events
was 20.5% in the generic medication group and 27.0% in the proprietary medication group; this difference
was not statistically significant (Xz=1.30, p=0.255).

Conclusion: There are no significant differences in the effectiveness or safety between memantine that is
generically produced in China and imported proprietary memantine in the treatment of individuals with
moderate and severe AD during the first 16 weeks of treatment.
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1. Introduction

Alzheimer’s disease (AD) is a progressive degenerative
disease of the central nervous system with marked
memory impairment and agnosia, declines in daily
functioning, and associated psychiatric and behavioral
symptoms. The development of AD is a complex process
involving the toxic effects of some excitatory amino
acids, particularly glutamate — the most common
excitatory neurotransmitter in the human brain which is
closely related to cell death in the brains of individuals
with dementia.l! This toxicity is mainly mediated by
N-methyl-D-aspartate (NMDA) glutamate receptors (a
subtype of glutamate receptors) that play an important
role in the early development of the nervous system, in
the transmission of excitatory neurotransmitters within
the central nervous system, in the plasticity of neuronal
synapses, and in memory and learning.?

Currently, thereis no effective cure for AD so the focus
of treatment is on stopping or slowing the progressive
decline in cognitive functioning.® Memantine is a
noncompetitive NMDA receptor antagonist which
may slow down the neurodegenerative process of AD.
Memantine blocks hyperactive NMDA receptors and,
thus, can protect nerve cells by inhibiting AB deposition,
decreasing the phosphorylation of tau proteins, and
reducing abnormal synaptic signals and neuronal
cell damage.™ A 28-week multicenter, double-blind
randomized placebo-controlled study conducted in the
United States found that the progressive deterioration
of moderate to severe AD could be alleviated with a
daily oral dose of 20 mg memantine hydrochloride.” A
subsequent 24-week open-label extension study showed
that all of the measures of efficacy considered in the
study improved significantly in the individuals who had
received placebos when they were subsequently treated
with memantine hydrochloride.® Based onthesefindings,
in 2003 memantine hydrochloride was approved by the
United States Food and Drug Administration for the
treatment of moderate to severe AD."# Other studies
have reported that it is also effective for mild AD.%

Clinical trials suggest that continuous treatment with
menantine can improve cognitive and daily functioning
in patients with AD,*¥ but the long-term use of this
medication can be quite costly. This can be a major
financial burden for patients and their families or for
national health insurance systems in countries with
rapidly aging populations. To reduce the cost of treating
this increasingly prevalent condition in China, the State
Food and Drug Administration of China approved clinical
trials of a domestically manufactured generic version of
memantine hydrochloride (jointly developed by Anhui
Huachen Pharmaceutical Ltd and Bio-technology Ltd
of the University of Science and Technology of China;
approval number 2005L02694). If this generic form of
the medication is approved it will cost less than half that
of the imported proprietary form.

The current randomized controlled trial was con-
ducted in six centers in China from 1 February 2009
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to 28 July 2010 to assess the efficacy and safety of
domestically manufactured (i.e., generic) memantine
hydrochloride tablets in the treatment of moderate to
severe Alzheimer’s disease.

2. Methods
2.1 Sample

The six participating centers in the study included
two specialty psychiatric hospitals, the psychiatric
department of a general hospital and three neurology
departments in general hospitals. The enrolment of
subjects for the study is shown in Figure 1. Inclusion and
exclusion criteria were as follows:

e outpatient at one of the participating centers;
e 45 to 85 years of age;

¢ meets diagnostic criteria for AD of the American
Psychiatric Association Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-
Iv);12

¢ has moderate to severe AD based on the Mini-
Mental State Examination (MMSE)™! (i.e., a total
score >5 and a score of <20 for patients with an
education above primary school, <17 for those
who only completed primary school, and <14 for
those who did not complete primary school);

e does not have ischemic dementia (based on
clinical and laboratory tests, brain imaging study
completed within the prior year, and a Hachinski
Ischemic Scale™ score <4);

¢ does not have physical disorders (e.g., intracranial
lesions) endocrine diseases, (e.g., hypothyroidism)
or substance abuse problems that could cause the
dementia;

e does not have serious depressive symptoms
(Hamilton Depression Scale® score < 10);

¢ does not have a serious physical illness;

e does not use cognitive-boosting medications
(including co-dergocrine mesyiate tablets, Duxil,
Acetamide Pyrrolidone, aniracetam, etc.) within
two weeks of entering the trial;

¢ did not participate in another AD treatment trial
within the prior 3 months;

¢ no known allergy to memantine hydrochloride;

¢ difference in screening and baseline MMSE score
is less than three points;

e and patient’s legal guardian provided written
informed consent

2.2 Method

This trial, which was approved by China’s FDA and
the Ethics Committee of the Shanghai Mental Health
Center, was conducted in six centers in China. The Hefei
Zhongkeda Biological and Technology Company provided
both the trial drug (domestic memantine hydrochloride
tablets, 10 mg/ tablet, batch number 0810001), and
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Figure 1. Flowchart of the study

431 potential participants from six centers from around China identified from February 2009 to July 2010
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the imported proprietary form of the drug (memantine
hydrochloride tablets, Ebixa, 10 mg/tablet, batch
number 7088461). The generic and proprietary forms
of the medication were the same in color, shape, flavor,
and size. Enrolled patients at each of the six centers were
randomly assigned to the generic medication group or
the proprietary medication group using a computer-
generated random number list. The generic medication
group took half a pill per day for the first week, 1 pill per
day for the second week, 1.5 pills per day for the third
week, and 2 pills per day from the 4 to the 16™ week.
The control group took the imported proprietary form of

memantine hydrochloride tablets at the same dosage.
All the participants were outpatients; the medications
were administered by co-resident family members.

2.3 Assessment
2.3.1 Assessment of treatment effect

The primary outcome was the change in scores of the
cognitive subscale of the Alzheimer’s Disease Assessment
Scale (ADAS-Cog).*® The secondary outcomes were
changes in scores on the MMSE, Activities of Daily Living
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(ADL) scale,*”! and Clinical Global Impression (CGI)2®
scale. All four scales were rated at baseline and at the
end of the 4%, 8", 12% and 16" week after initiating
treatment; the ratings were conducted by a psychiatrist
or a neurologist who had been trained in the use of the
scales and who were blind to the treatment group of the
subjects.

ADAS-Cog assesses 12 different aspects of cognitive
functioning (including memory, attention, language,
orientation, visuospatial skills, understanding, and
operationalization); the range in scores are from 0 to 75
with lower scores representing better functioning. Using
a score of 15.5 as the cut-off score, the Chinese version
of the ADAS-Cog can discriminate individuals with AD
from normal controls (sensitivity=92%, specificity=90%,
area under ROC=0.95).1*>?% The MMSE is a 30-item scale
that assesses orientation to time and place, immediate
and short-term memory, language, and other cognitive
functions; the total score ranges from 0 to 30 with higher
scores representing better functioning. The 14-item ADL
is used to assess daily functioning; the total score ranges
from 14 to 56 with lower scores representing better
functioning. The CGI has three items on 0 to 7 Likert
scales (higher scores represent better functioning) that
assess current disease severity, total effect of treatment,
and an effect index adjusted for the severity of side-
effects.

2.3.2 Safety indices

Vital signs and adverse events were recorded at each visit.
Routine blood tests, urine tests, EKG, blood biochemistry
(liver and kidney function, electrolytes, glucose, etc.)
tests were conducted at the end of the 8" and 16" weeks
of treatment.

2.4 Statistical analysis

SAS 9.2 statistical software was used for statistical
analysis. The data at baseline were analyzed using a
safety set (SS) analysis that included all enrolled subjects
who used any medication (excluding 6 randomized
patients who did not start medication). The main
measurement outcomes were assessed using the full
analysis set (FAS) that included all subjects who followed
the protocol; this analysis was used to determine the
final conclusion of the trial. For participants who started
treatment but did not complete the entire treatment,
the Last Observation Carried Forward (LOCF) method
was applied in the FAS analysis, which ensured that
the number of cases at each time point was the same.
A per protocol set (PPS) analysis limited to subjects
who completed the 16-week intervention according
to the protocol was also conducted. Two-sample
t-tests, rank sum tests and paired t-tests were used to
compare the main outcomes between groups at four
follow-up points, and to estimate differences from the
baseline. Adverse events were tabulated and the total
incidence was comparison between the two groups
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using chi-square test or Fisher’s exact test. All statistical
tests were two-sided, and results were considered
statistically significant when the p-value was <0.05.

3. Results

A total of 431 potential subjects were identified from
the six sites (from 60 to 87 individuals from each site)
and 229 of them who met the enrollment criteria
were randomized (using a random number sequence
generated by a software package) within each center
either to the generic medication group (n=114) or to
the proprietary medication group (n=115). After blinded
review of screening data, 13 randomized subjects were
excluded due to violation of the study protocol: 5 subjects
were excluded from the generic medication group
either because their MMSE scores changed more than 2
points between screening and baseline (n=3) or because
they did not start taking the study medication (n=2); 8
patients were excluded from the proprietary medication
group either because the MMSE score changed more
than 2 points between screening and baseline (n=1),
because the screening MMSE score did not meet
enrolment criteria (n=3), or because the patient did not
start taking the study medication (n=4). Thus this left 109
patients in the generic medication group and 107 in the
proprietary medication group at the beginning of the
treatment. As shown in Figure 1, 6 individuals dropped
out of each group over the 16 weeks of the trial, so 103
generic medication group subjects and 101 proprietary
medication group subjects completed the full course
of treatment. Thus, 223 subjects were included in the
SS analysis, 216 in the FAS analysis and 204 in the PPS
analysis.

3.1 Comparison of the baseline characteristics of the
two groups

As shown in Table 1, the SS analysis found no statistically
significant differences between the two groups at
baseline in gender, age, educational level, baseline vital
signs, Hachinski Ischemic Index, HAMD-17 score, or
MMSE score. There were also no statistically significant
differences between the groups in the mean baseline
ADAS-Cog score and mean ADL score among subjects
who followed the study protocol (using the FAS analysis).
Repetition of this analysis of baseline values in patients
who completed the 16 weeks of treatment (the PPS
analysis) also found no statistically significant differences
between the groups

3.2 Comparison of efficacy
3.2.1 Primary outcome

As shown in Tables 2 and 3 and Figure 2, between-group
differences in ADAS-Cog scores were not statistically
significant at any of the time points considered in the
study. For both groups the ADAS-Cog score decreased
significantly from the baseline score at the end of the 4™,
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Table 1. Baseline characteristics of participants enrolled in the study

eneric roprietar .
midication gwegicatior:, statistic p
n (%) n (%)
Gender?
0, 0,

female S7(598%)  Srsiaw) X162 0203
Level of education®

middle school or above 58(51.8%) 54(48.7%)

primary school 33(29.5%) 42(37.8%) X’=2.22 0330

no school 21(18.8%) 15(13.5%)
Impairment based on Mini Mental State Exam (MMSE)?

mild 0(0.0%) 3(2.7%) Fisher’s

moderate 97(86.6%) 94(84.7%) exact 0.310

severe 15(13.4%) 14(12.6%) test

mean (sd) mean (sd)

Age in years?® 70.8(8.3) 69.7(9.7) t=0.89 0.374
Hachinski index? 2.2(1.0) 2.1(1.0) t=0.53 0.600
Hamilton Depression Rating Scale (HAMD) score® 3.7(2.8) 4.1(2.7) t=-1.09 0.275
Alzheimer’s Disease Assessment Scale-Cognition (ADAS-Cog)® 42.1(12.5) 42.7(10.4) t=-0.34 0.731
Activities of Daily Living (ADL) score® 32.9(8.0) 33.6(6.8) t=-0.63 0.526

2Uses safety set (SS) analysis: 112 subjects in the generic medication group and 111 in the proprietary medication group
®Uses full analysis set (FAS): 109 subjects in the generic medication group and 107 in the proprietary medication group

Figure 2. Comparison of outcome measures over the 16-week trial in individuals with Alzheimer’s
Disease who take generic memantine (study group) or proprietary memantine (control group)
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Table 2. Comparison of mean (sd) scores on
cognitive tests between patients
taking generic and proprietary
memantine at each follow-up evalua-
tion using the Full Analysis Set (FAS)
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Table 3. Within-group changes over time of
scores on cognitive tests for patients
with Alzheimer’s disease taking
generic and proprietary memantine
using the Full Analysis Set (FAS)

Alzheimer Disease Assessment Scale-Cognition (ADAS-Cog)

generic proprietary
medication medication t (p-value)
(n=109) (n=107)
Baseline score 42.1(12.5) 42.7 (10.4) -0.34 (0.731)
4 weeks 39.6 (12.3) 40.7 (10.7) -0.69 (0.490)
reduction 2.5(3.4) 2.0(3.2) -1.21(0.226)
8 weeks 36.0 (12.7) 37.2(11.0)  -0.73 (0.468)
reduction 6.1(5.2) 5.5(4.8) -0.93(0.351)
12 weeks 33.2(12.8) 34.6 (11.2) -0.83 (0.406)
reduction 8.9(7.0) 8.1(6.4) -0.90 (0.367)
16 weeks 30.7 (13.1) 32.5(11.4)  -1.07 (0.287)
..reduction . 11.5(8.7) ... 102(8.6)  -1.06(0.291)
Mini Mental State Examination (MMSE)
generic proprietary
medication medication t (p-value)
(n=109) (n=107)
Baseline score 12.7 (3.9) 12.4 (3.3) 0.66 (0.512)
4 weeks 13.6 (4.5) 13.1(3.9) 0.86 (0.389)
reduction 0.9 (1.6) 0.7 (1.4) 0.83 (0.407)
8 weeks 14.5 (4.7) 14.2 (4.3) 0.40 (0.692)
reduction 1.8(2.1) 1.8(2.1) -0.28 (0.779)
12 weeks 15.4 (5.1) 15.0 (4.3) 0.64 (0.523)
reduction 2.7(2.6) 2.6(2.4) 0.27(0.789)
16 weeks 16.0 (5.4) 15.8 (4.4) 0.41 (0.685)
..reduction 33(28) .. 3.4(25)  -014(0883)
Activities of Daily Living (ADL)
generic proprietary
medication medication t (p-value)
(n=109) (n=107)
Baseline score 32.9(8.0) 33.6 (6.8) -0.63 (0.526)
4 weeks 31.9(8.0) 32.2(6.9)  -0.34(0.734)
reduction -1.0(2.0) -1.3(1.7) 1.19 (0.235)
8 weeks 30.5(7.9) 31.1(6.8) -0.61 (0.545)
reduction -2.4 (2.6) -2.4(2.2) 0.11(0.916)
12 weeks 29.4 (7.8) 30.1(6.8)  -0.66 (0.511)
reduction -3.5(3.3) -3.5(2.8)  -0.02(0.982)
16 weeks 28.4 (7.6) 28.9(6.9)  -0.49 (0.625)
reduction -4.5 (3.8) -4.6 (3.7) 0.31 (0.755)

8t 12™ and 16 weeks of treatment; the magnitude of
the drop in the score at these four time periods was not
significantly different between the two groups. A parallel
analysis using the PPS had the same results.

3.2.2 Secondary outcomes

Tables 2 and 3 and Figure 2 also show the results for
the MMSE and ADL scales. There were not statistically
significant differences between the generic medication

ADAS-Cog MMSE ADL
t-test® t-test® t-test®

Generic medication group (n=109)

4 week v. baseline -7.7 5.8 -5.3
8 week v. baseline -12.4 8.8 -9.4
12 week v. baseline -13.4 109 -11.0
16 week v. baseline -13.8 126 -12.3
Proprietary medication group (n=107)
4 week v. baseline -6.5 5.3 -8.1
8 week v. baseline -11.7 9.1 -11.3
12 week v. baseline -13.1 11.0 -12.7
16 week v. baseline -12.3 140 -131

ADAS-Cog, Alzheimer’s Disease Assessment Scale-Cognition; MMSE,
Mini Mental State Examination; ADL, Activities of Daily Living

2 all t-tests reported are statistically significant at the p<0.001 level

group and the proprietary medication group at any of the
time periods assessed. The MMSE increased significantly
over time in both groups and the ADL decreased
significantly over time in both groups. There were no
significant differences in the magnitude of these changes
over time between the two groups. Analysis using the
PPS produced the same results.

The changes in CGl scores over the course of
treatment are shown in Figure 2. Based on the FAS
analysis of the CGI scores, at the end of the 16 weeks
of treatment the proportions of subjects in the generic
medication and proprietary medication groups
who were ‘significantly improved’ (0.0% and 0.9%,
respectively), ‘moderately improved’ (40.4% and 32.8%),
‘mildly improved’ (48.6% and 55.1%), and unchanged
or worsened (11.0% and 11.2%) were not statistically
different between the two groups.

3.3 Safety analysis

Two cases of serious adverse events occurred during
the trial. One subject in the generic medication group
died suddenly after randomization but before starting
the study medication. One subject in the proprietary
medication group was hospitalized due to multiple
cerebral infarctions during the follow-up period; he was
subsequently dropped from the study. Neither of these
events was directly or indirectly related to use of the trial
medication.

The most common adverse events are shown
in Table 4. Based on the SS analysis, there were 23
subjects in the generic medication group (20.5%) who
experienced adverse events and 30 subjects in the
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Table 4. Occurrence of adverse events in
patients with Alzheimer’s disease
treated with generic and proprietary
memantine based on the Safety Set
(SS) analysis

Generic Proprietary
medication medication

Adverse event group group
(N=112)  (N=111)

n (%) n (%)

Abnormal EKG reading 5(4.5%) 2(1.8%)
Infection in the urine system 2(1.8%) 2(1.8%)
Upper respiratory tract infection 3 (2.7%) 11 (9.9%)
Headache 4(3.6%) 1(1.0%)
Dizziness 1(1.0%) 2(1.8%)
Swollen limbs 1(1.0%) 1(1.0%)
Sleep disorder 2(1.8%) 1(1.0%)
Rash 1(1.0%) 1(1.0%)
Constipation 0(0.0%) 1(1.0%)
Kidney dysfunction 1(1.0%) 2(1.8%)
Liver dysfunction 0(0.0%) 2(1.8%)
Abdominal pain 0(0.0%) 1(1.0%)
Tremors in limbs 0(0.0%) 1(1.0%)
Tough tingling 1(1.0%) 0(0.0%)
Delusions 1(1.0%) 0(0.0%)
Depressed mood 0(0.0%) 1(1.0%)

proprietary medication group (27.0%) who experienced
adverse events (X’=1.30, p=0.255). Most of these adverse
events were probably not directly related to medication
usage but, rather, the common symptoms seen in elderly
individuals.

Seven individuals in the generic medication group
(6.3%) and nine individuals in the proprietary medication
group (8.1%) experienced adverse events that were
considered related to the medication (X°=0.29, p=0.591).
In the generic medication group, three individuals
had EKG abnormalities and one each had bipedal
edema, eczema, insomnia, and renal dysfunction. In
the proprietary medication group two individuals had
abnormal liver function tests, two had renal dysfunction,
and one each had sinus bradycardia, constipation,
abdominal pain, rash, and trembling limbs. In most
cases these adverse reactions were mild and resolved on
their own without any specific treatment. The severity
of adverse events was mostly mild and did not require
special treatment. There were no statistically significant
differences in vital signs, laboratory tests or EKG results
between the two groups at any point in time throughout
the study.
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4, Discussion
4.1 Main findings

This multi-center study enrolled a large sample of
individuals with AD from different parts of China and
used randomized, double-blind methods to compare
the efficacy and safety of domestically produced generic
memantine to that of imported proprietary memantine.
Changes in ADAS-Cog total scores among individuals with
moderate to severe AD before treatment versus 16 weeks
after treatment were used as the primary indicators for
the treatment effect. Based on this measure, both forms
of the medication resulted in significant improvement in
the cognitive functioning of study participants. Moreover,
there were no significant differences in the magnitude
of improvement or in the rate of improvement between
the two forms of the medication. Results for the three
secondary measures of outcome assessed — changes in
MMSE scores, ADL scores, and CGIl scores — were the
same. The efficacy of memantine found in this study
confirms the results of many studies in other countries.
[122122] The current study also shows that the generic
form of the medication manufactured in China is equally
effective as the imported proprietary form of the
medication.

In the current study two participants (one receiving
generic medication and one receiving proprietary
medication) experienced serious adverse events (one
sudden death and one multi-infarct stroke), but it appears
doubtful that these adverse events were related to use
of memantine. The adverse events that were clearly
related to the medication (including abnormal EKG
readings, bipedal edema, eczema, insomnia, and kidney
dysfunction) were mild and remitted spontaneously.
There was, moreover, no significant difference in the
prevalence or severity of these adverse reactions
between the generic medication and proprietary
medication groups. Thus these results support the
findings of previous studies that found memantine
hydrochloride to be reasonably safe and well tolerated
in AD patients. 62224

4.2 Limitations

There are several potential limitations to these results.
As shown in Table 2 and in Figure 2, there was a clear
stepwise improvement in the four outcome measures at
each of the four times the individuals were followed up
during the 16-week study; we analyzed results at each
time point and found no difference between the two
groups but we did not conduct a repeated measures
analysis of variance analysis to demonstrate that the
overall trend in changes during the 16 weeks did not
vary between the generic medication group and the
proprietary medication group. Patients with AD may be
advised to take memantine indefinitely, so a 16-week trial
may not be long enough to identify the long-term efficacy
or late-appearing adverse reactions of the medication,
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though it’s doubtful that there would be substantial
differences in the long-term efficacy and safety between
the generic and proprietary forms of the medication.
One important consideration not addressed in the
current study is the relative cost of the two forms of the
medication; cost-benefit analyses need to be included
in future longitudinal studies that compare the generic
and proprietary forms of memantine. Another area that
has not been explored in detail is the appropriate dosing
and intervals between doses; further study may help to
individualize the dosage and frequency of administration
of memantine based on patient characteristics.

4.3 Significance

This study convincingly demonstrates that the generic
form of memantide produced in China is equivalent
to the imported proprietary form of memantine with
respect to efficacy, tolerability, and safety over the first 16
weeks of treatment. Further study is needed to confirm
the efficacy and safety of the long-term use of the
generic form of the medication. Given the substantially
lower price of the generic form of memantine and the
expectation that individuals with AD should take this
medication continuously, the widespread use of generic
forms of the medication could substantially reduce the
financial burden of families who are caring for elders with
AD and decrease the health care costs of governments in
jurisdictions that have rapidly aging populations.
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