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Abstract Introduction: Symptomatic anti-Alzheimer’s disease (AD) drugs have been commonly used for the
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treatment of AD. Knowing the natural courses of patients with AD on placebo is highly relevant for
clinicians to understand their efficacy and for investigators to design clinical studies.
Methods: The data on rating scales for dementia such as Alzheimer’s Disease Assessment Scale-
cognitive subscale (ADAS-cog) and Severe Impairment Battery were extracted from eight previous
Japanese Phase II and III studies. Natural courses of Japanese AD patients in placebo groups were
evaluated and statistically analyzed in a pooled and retrospective fashion.
Results: Decreases in ADAS-cog and Severe Impairment Battery was larger at week 22 or 24 than at
week 12. Scores of ADAS-cog appeared to deteriorate faster in moderate AD than in mild AD.
Discussion: The present data will provide clinicians following up patients with AD with helpful in-
formation on how to manage AD patients and investigators with instruction for clinical study design.
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1. Background

Alzheimer’s disease (AD) is a devastating progressive
neurodegenerative disorder characterized by symptoms of
dementia such as impairment in memory and learning,
disorientation, deficits in executive function, and behav-
ioral and psychological symptoms of dementia [1,2].
According to the Alzheimer’s Disease International’s
World Alzheimer Report 2015 (Website: alz.co.uk/
research/WorldAlzheimerReport2015.pdf), the global
number of patients with dementia was estimated to be
46.8 million in 2015, and the number will almost double
every 20 years, with major types of dementia (60–90%
of dementia) being AD (Diagnostic and Statistical
Manual of Mental Disorders 5) [1]. The number of patients
with AD is currently reported to be more than three million
in Japan [3], laying not only a significant physical and psy-
chological burden on patients with AD and their caregivers
but also increasing economic obligation to the country as a
whole.

Acetylcholinesterase inhibitors (AChEIs [i.e., donepezil,
galantamine, and rivastigmine] and N-methyl-D-aspartate
receptor antagonists [i.e., memantine]) have been approved
worldwide for the treatment of AD as symptomatic drugs
and are commonly used in current clinical practice in Japan
as well as in other countries. However, it is sometimes
difficult for prescribers/clinicians to evaluate the efficacy
of these drugs. Knowing the natural courses of patients
with AD not treated with these drugs is highly relevant
for prescribers/clinicians to understand the efficacy of these
drugs and explain the importance of these drugs to their pa-
tients.

Success rate of development of drugs for AD has been
reported to be low, with the lack of understanding of the
natural progression of AD being one reason [4], and
detailed analyses on the natural courses of AD may also
lead to help determine procedures for future clinical
studies for AD such as designs of clinical studies and pa-
tient selection. However, reports on these subjects have
been limited [5–12]. In this analysis, we extracted data
on demographics of Japanese patients and rating scales
for dementia such as Mini-Mental State Examination
(MMSE), Alzheimer’s Disease Assessment Scale-
cognitive subscale (ADAS-cog), Severe Impairment Bat-
tery (SIB), and Clinical Dementia Rating Scales Sum of
Boxes (CDR-SB) from eight previous placebo-
controlled, double-blind, randomized Japanese clinical
trials targeting AD, and report and review the natural
courses of Japanese AD patients on placebos.
2. Methods

2.1. Study design and outcomes

Data from Japanese AD patients randomized to the
placebo group were collected from eight previous
placebo-controlled, double-blind, randomized Japanese
clinical trials targeting AD: EIS-161 (Eisai), JPN-3 (Jans-
sen), MA3301 (Daiichi-Sankyo), JPN-5 (Janssen), and
D1301 (Novartis/Ono) were designed for mild to moderate
AD, and IE2101 (Daiichi-Sankyo), EIS-231 (Eisai), and
IE3501 (Daiichi-Sankyo) for severe AD (Table 1). All these
trials were conducted for approved symptomatic drugs (i.e.,
donepezil, galantamine, rivastigmine, and memantine). All
the clinical trials were carried out in accordance with the
Declaration of Helsinki, and written informed consent
was obtained from all participants. Data of AD patients
in placebo groups not those of active drugs were extracted
in this study. The last trial visit had been set at week 24 for
all subjects except for JPN-3 which was set at week 22.
Because some data on the registration year and date in
D1301 were modified during the anonymization, only the
data not affected by this process were utilized for this
analysis.

Table 2 presents a summary of the obtained data from
these trials. The data on ADAS-cog for cognitive function
(score range 0–70, higher scores correlated with worse
cognitive function), SIB for cognitive function (range 0–
100, higher scores with better cognitive function), MMSE
for cognitive function (range 0–30, higher scores with bet-
ter cognitive function), CDR-SB for severity of dementia
(range 0–18, higher scores with more severe dementia),
Clinician’s Interview-Based Impression of Change plus
caregiver input (CIBIC plus) for comprehensive global
measure of detectable change in function, behavior and
cognition (range 0–7 for each domain, change of higher
scores with change of worse symptoms), and its subdo-
mains (Disability Assessment for Dementia for activity of
daily living [ADL], Behavioral pathology in Alzheimer’s
Disease [BEHAVE-AD] for behavioral and psychological
symptoms of dementia, Mental Function Impairment Scale
for cognitive function, and Alzheimer’s Disease Coopera-
tive Study-ADL scale [ADCS-ADL] for ADL) were ex-
tracted as test batteries for evaluating the state of
dementia from all trials where available.
2.2. Statistical analyses

The distribution of demographic and baseline characteris-
tics for the placebo groups of the eight trials are summarized
in the descriptive statistical values and frequency table. The
means from baseline to 22 or 24 weeks for each trials were
calculated in ADAS-cog, SIB, CDR-SB, Disability Assess-
ment for Dementia, BEHAVE-AD, Mental Function Impair-
ment Scale, and ADCS-ADL.

For the value of change from the baseline for ADAS-cog,
the pooled analysis in five studies for mild to moderate AD
(EIS-161, JPN-3, MA3301, JPN-5, and D1301) was per-
formed using a mixed effect model for repeated measures
with time points, subgroup factor, studies, and interaction
of subgroup factor with time points. The least square mean
by time points and the P value of interaction test were drawn
as figures. In pooled analysis, subgroup factor was defined
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Table 1

Summary of study designs

Trial

name Study design AD severity Drugs and doses

Treatment

period

Main inclusion

criteria Primary endpoint

Other efficacy

endpoints

EIS-161 Randomized,

placebo-

controlled,

parallel-group,

double-blind

Mild to

moderate

Donepezil 5 mg/day,

placebo

24 weeks - AD according

to DSM-IV

criteria

- MMSE: 10–26

- ADAS-J cog:

� 15

- CDR: 1 or 2

ADAS-Cog

CGIC

MENFIS, CDR,

Caregiver-rated

modified Crichton

scale

JPN-3 Randomized,

placebo-

controlled,

parallel-group,

double-blind

Mild to

moderate

Galantamine 16 mg/

day, galantamine

24 mg/day,

placebo

22 weeks - Probable AD

according to

NINCDS-

ADRDA

criteria

- MMSE: 10–22

- ADAS-J cog:

�18

ADAS-Cog

CIBIC Plus

DAD, BEHAVE-AD,

MENFIS

MA3301 Randomized,

placebo-

controlled,

parallel-group,

double-blind

Mild to

moderate

Memantine 10 mg/

day, memantine

20 mg/day,

placebo

24 weeks - Probable AD

according to

NINCDS-

ADRDA

criteria

- MMSE: 10–23

- CDR: 1 or 2

ADAS-Cog

CIBIC Plus

DAD, Crichton

Geriatric

Behavioral Rating

Scale, MMSE,

CDR

JPN-5 Randomized,

placebo-

controlled,

parallel-group,

double-blind

Mild to

moderate

Galantamine

16 mg/day,

galantamine

24 mg/day,

placebo

24 weeks - Probable AD

according to

NINCDS-

ADRDA

criteria

- MMSE: 10–22

- ADAS-J cog:

�18

ADAS-Cog

CIBIC Plus

DAD, BEHAVE-AD,

MENFIS

D1301 Randomized, double-

blind, placebo-

controlled,

dose-finding

Mild to

moderate

Rivastigmine

9 mg/5 cm2 patch,

rivastigmine

18 mg/10 cm2

patch, placebo

24 weeks - AD according

to DSM-IV

criteria

- Probable AD

according to

NINCDS/

ADRDA

criteria

- MMSE: 10–20

ADAS-Cog

CIBIC Plus

Secondary endpoint

- Subscales of the

CIBIC Plus

(DAD,

BEHAVE-AD,

and MENFIS)

- MMSE

Exploratory

endpoint

- Inhibition of

plasma butyryl-

cholinesterase

activity

- Questionnaire

to evaluate

caregiver expe-

rience of the ri-

vastigmine

patch compared

with oral medi-

cation

- Modified

Crichton Scale

IE2101 Randomized,

placebo-

controlled,

parallel-group,

double-blind

Severe Memantine 10 mg/

day, memantine

20 mg/day,

placebo

24 weeks - AD according

to DSM-IV

criteria

- Probable AD

according to

NINCDS-

ADRDA

criteria

- MMSE: 5-14

- FAST: 6a–7a

SIB ADCS-ADL CIBIC Plus NPI

MMSE FAST

(Continued )
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Table 1

Summary of study designs (Continued )

Trial

name Study design AD severity Drugs and doses

Treatment

period

Main inclusion

criteria Primary endpoint

Other efficacy

endpoints

EIS-231 Randomized,

placebo-

controlled,

parallel-group,

double-blind

Severe Donepezil 5 mg/day,

donepezil 10 mg/

day, placebo

24 weeks - AD according

to DSM-IV

criteria

- MMSE: 1–12

- FAST: �6

SIB

CIBIC Plus

ADCS-ADL,

BEHAVE-AD

IE3501 Randomized,

placebo-

controlled,

parallel-group,

double-blind

Severe Memantine 20 mg/

day, placebo

24 weeks - AD according

to DSM-IV

criteria

- Probable AD

according to

NINCDS-

ADRDA

criteria

- MMSE: 5–14

- FAST: 6a–7a

SIB

CIBIC Plus

NA

Abbreviations: AD, Alzheimer’s disease; ADAS-cog, Alzheimer’s Disease Assessment Scale-cognitive subscale; SIB, Severe Impairment Battery; DSM,

Diagnostic and Statistical Manual of Mental Disorders; MMSE, Mini-Mental State Examination; CDR, Clinical Dementia Rating; CGIC, Clinical Global

Impression of Change; CIBIC plus, Clinician’s Interview-Based Impression of Change plus caregiver input; DAD, Disability Assessment for Dementia;

BEHAVE-AD, Behavioral pathology in Alzheimer’s Disease; MENFIS, Mental Function Impairment Scale; NPI, Neuropsychiatric Inventory; ADCS-ADL,

Alzheimer’s disease Cooperative Study-ADL scale; FAST, Functional assessment staging; NINCDS-ADRDA, National Institute of Neurological and Commu-

nicative Disorders and Stroke & the Alzheimer’s Disease and Related Disorders Association; NA, not applicable.
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by gender (male or female), age (,70, 70–79 or.79 years),
disease duration (�1, 1,23 or �3 years), age at onset
(,70, 70–75 or �75 years), MMSE (�18 or ,18, mild
and moderate AD, respectively), ADAS-cog (,28 or
�28), and presence of rehabilitation (no or yes). These cut-
off values were divided as the tertiles of the data for the age,
disease duration, and age at onset. The cutoff value of
ADAS-cog was converted from that of MMSE using the
formulation (ADAS-cog 5 60.9–1.85*MMSE) described
in the previous report [7]. Moreover, the pooled analysis
for SIB stratified by caregivers’ relationship to patients
was estimated in three studies for severe AD (IE2101,
EIS-231, and IE3501).

All analyses were performed by using SAS software,
version 9.4 (SAS Institute, Cary, North Carolina).
3. Results

3.1. Demographics and characteristics of the studies

Visit timing ranged from baseline to 22 or 24 weeks, and
the years when the studies took place ranged from 1996 to
2008 (almost 10-year interval) (Table 2). All the enrolled pa-
tients were Japanese and living in Japan.

Table 3 displays patients’ demographics and other char-
acteristics in each trial. Females were more frequent than
males in all studies. There was no patient with prior use of
AChEI (i.e., donepezil) in EIS-161 because no AChEI had
been approved before this trial, but patients with previous
use of AChEI occurred in other trials (except for D1301
whose data were not available because of the aforemen-
tioned anonymization reason). The data on education, apoli-
poprotein E (APOE) genotype status, and biomarkers such
as the amyloid b (Ab) and tau were unavailable in the pre-
sent study. Baseline values of representative test batteries
of each study are shown in Table 4.
3.2. Longitudinal changes of test batteries

Fig. 1 illustrates longitudinal changes of each test battery,
and the scores of those batteries worsened over time except
for BEHAVE-AD (Fig. 1E). The degree of deterioration was
greater at week 22 or 24 than at week 12.

The ADAS-cog score at baseline was 24.54 6 8.86
(mean 6 standard deviation [SD]) in the five studies for
mild to moderate AD (EIS-161, JPN-3, MA3301, JPN-5,
and D1301). Changes of ADAS-cog scores from baseline
showed very small worsening or even slight improvement
in some studies at week 12 (Fig. 1A). Worsening patterns
of EIS-161 and JPN-5 in ADAS-cog targeting mild to
moderate AD were very similar although all patients in
EIS-161 were AChEI-naive (i.e., donepezil-naive), and
both trials were conducted by different sponsors at sepa-
rate times (there was a difference of almost 10 years be-
tween the initiation of EIS-161 and that of JPN-5).
Furthermore, somewhat transient improvement of
ADAS-cog scores were observed at around week 8 in
these two studies, which appears to be due to placebo ef-
fect. Change of mean ADAS-cog values from baseline to



Table 2

Summary of patients in placebo groups from eight placebo-controlled randomized trials targeting AD

AD severity Mild to moderate Severe

Trial name EIS-161 JPN-3 MA3301 JPN-5 D1301 IE2101 EIS-231 IE3501

Company name Eisai Janssen Daiichi-Sankyo Janssen Novartis/Ono Daiichi-Sankyo Eisai Daiichi-Sankyo

Total number of

patients

129 136 180 194 268 107 102 208

Trial period 1996–1998 2001–2003 2003–2007 2006–2008 2007–2008 2002–2004 2003–2004 2005–2008

Visit (weeks) 24, 0, 4, 8, 12, 16,

20, 24

24, 0, 12, 22 24, 0, 4, 12, 24 24, 0, 8, 12, 16, 24 0, 8, 16, 24 0, 4, 12, 24 0, 8, 16, 24 0, 4, 12, 24

ADAS-cog 1 1 1 1 1 2 2 2
SIB - - - - - 1 1 1
MMSE 1 1 1 1 1 1 1 -

CDR 1 - 1 - - - - -

CIBIC plus - 1 1 1 1 1 1 1
DAD - 1 1 1 1 1 - -

BEHAVE-AD - 1 - 1 1 1 1 1
MENFIS 1 1 - 1 1 1 - 1

ADCS-ADL - - - - - 1 1 -

Laboratory data 1 1 1 1 1 1 1 1
Vital sign 1 - 1 - 1 1 1 1

Abbreviations: AD, Alzheimer’s disease; ADAS-cog, Alzheimer’s Disease Assessment Scale-cognitive subscale; SIB, Severe Impairment Battery; MMSE,

Mini-Mental State Examination; CDR, Clinical Dementia Rating; CIBIC plus, Clinician’s Interview-Based Impression of Change plus caregiver input; DAD,

Disability Assessment for Dementia; BEHAVE-AD, Behavioral pathology in Alzheimer’s Disease; MENFIS, Mental Function Impairment Scale; ADCS-ADL,

Alzheimer’s disease Cooperative Study-ADL scale; 1, present; -, absent.
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week 22 or week 24 in the five studies was 1.11 6 5.39
(mean 6 SD, P , .001).

Scores of SIB in the studies for severe AD also deterio-
rated over time (more largely at week 24 than at week 12)
and exhibited no distinct improvement (no placebo effect)
during the study period (Fig. 1B).
3.3. Longitudinal change of ADAS-cog by subgroup

Longitudinal changes of ADAS-cog by subgroup for
gender, age, disease duration, age at onset, baseline
MMSE scores, baseline ADAS-cog scores, and presence of
rehabilitation are displayed in Fig. 2. No clear trend was
observed after stratification by gender, age, age at onset,
and presence of rehabilitation. However, the interaction by
disease duration and time points had significant difference
(P 5 .034) (Fig. 2C). Because the disease duration was
related with the MMSE and the ADAS-cog scores at base-
line (P, .001 in the trend tests), this interaction was thought
to be a reflection of cognitive function but not a direct rela-
tionship. The subgroup by baseline MMSE scores demon-
strated that ADAS-cog worsens more rapidly in the group
of MMSE,18 (moderate AD) than in that of MMSE�18
(mild AD) (Fig. 2E). In a similar fashion, the data stratified
by baseline ADAS-cog scores deteriorated faster in the
group of ADAS-cog�28 (moderate AD) compared with
that of ADAS-cog,28 (mild AD) (Fig. 2F).

Relationships between total SIB and types of caregivers
were examined in the three studies targeting severe AD as
shown in Fig. 2H. However, no clear trend in change of SIB
scores was observed by difference in caregiver types
(Fig. 2H).
4. Discussion

This is the first analysis report on natural courses of
Japanese patients with AD in placebo groups using data
from placebo-controlled, double-blind, randomized clin-
ical trials. Scores of almost all scales including ADAS-
cog and SIB evaluating cognitive function worsened
over time, and the degree was larger at week 22 or 24
than at week 12.

Changes of ADAS-cog scores from baseline showed very
small worsening or even slight improvement in some studies
at week 12. Worsening patterns of EIS-161 and JPN-5 in
ADAS-cog targeting mild to moderate AD were very similar
although all patients in EIS-161 were AChEI-naive (i.e.,
donepezil-naive), and both trials were conducted by
different sponsors at separate times (EIS-161 was conducted
almost 10 years earlier than JPN-5). This fact suggests
similar changes of scales in well-designed studies, regard-
less of prior use of AChEIs and the year of conducted trials;
however, it is still debatable whether ADAS-cog deteriora-
tion is slower in recent trials than in past trials [7]. Further-
more, somewhat transient improvement of ADAS-cog
scores were observed at around week 8 in these two studies
(EIS-161 and JPN-5), which appears to be due to placebo ef-
fect as suggested in previous reports [7,8]. This placebo
effect in the present report may be caused by a learning



Table 3

Demographics of patients in placebo groups from eight placebo-controlled randomized trials targeting AD

AD severity Mild to moderate Severe

Trial name EIS-161 JPN-3 MA3301 JPN-5 D1301 IE2101 EIS-231 IE3501

Total number of

patients*

129 136 180 194 268 107 102 208

Gender, N (%)

Female 84 (65.1) 96 (70.6) 111 (61.7) 135 (59.6) 182 (67.9) 76 (71.0) 84 (82.4) 135 (64.9)

Male 45 40 69 59 86 31 18 73

Age (years), Mean

(SD)

69.5 (8.88) 74.6 (8.46) 72.5 (9.06) 75.6 (7.62) - 73.6 (8.87) 79.5 (7.25) 74.9 (8.44)

Disease duration

(months), Mean

(SD)

40.78 (22.13) 16.04 (21.91) 16.73 (18.45) 39.63 (24.94) - 54.84 (32.26) 67.38 (41.84) 54.35 (30.32)

Age at onset

(years)

Number 128 136 180 194 - 107 96 208

Mean (SD) 65.7 (8.83) 72.7 (8.71) 71.1 (9.13) 71.8 (7.97) 69.0 (9.28) 73.8 (7.86) 70.4 (8.81)

MMSE, N (%) -

�18 54 (41.9) 51 (37.5) 94 (52.2) 76 (39.2) 132 (49.3) 0 (0.0) 0 (0.0)

,18 75 (58.1) 85 (62.5) 85 (47.2) 118 (60.8) 136 (50.7) 107 (100.0) 102 (100.0)

Unknown 0 (0.0) 0 (0.0) 1 (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Caregiver, N (%)

Presence 129 (100.0) - - - 263 (98.1) 107 (100.0) 102 (100.0) 208 (100.0)

Absence 0 (0.0) 5 (1.9) 0 (0.0) 0 (0.0) 0 (0.0)

Unknown 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Caregivers’

relationship

with patients,

N (%)

Wife 42 (32.6) - - - - 26 (24.3) 13 (12.7) 63 (30.3)

Husband 45 (34.9) 24 (22.4) 13 (12.7) 60 (28.8)

Child 25 (19.4) 48 (44.9) 31 (30.4) 73 (35.1)

Others 17 (13.2) 9 (8.4) 45 (44.1) 12 (5.8)

Unknown 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

History of

rehabilitation,

N (%)

Absence 123 (95.3) 97 (71.3) 141 (78.3) 180 (92.8) - 50 (46.7) 81 (79.4) 89 (42.8)

Presence 6 (4.7) 39 (28.7) 39 (21.7) 14 (7.2) 57 (53.3) 21 (20.6) 119 (57.2)

AChEIs as prior

treatment,

N (%)

Presence 0 (0.0) 66 (48.5) 97 (53.9) 106 (54.6) - 45 (42.1) 0 (0.0) 141 (67.8)

Absence 129 (100.0) 70 (51.5) 83 (46.1) 88 (45.4) 62 (57.9) 102 (100.0) 67 (32.2)

Abbreviations: AD, Alzheimer’s disease; -, absent data; MMSE, Mini-Mental State Examination; AChEIs, acetylcholinesterase inhibitors; SD, standard de-

viation.

*Patient numbers of each category is the same as the total number of patients in the third column unless otherwise indicated.
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effect because of frequent visits for ADAS-cog evaluation
(i.e., at 0, 4, and 8 weeks).

Change of mean ADAS-cog values from baseline to week
22 or week 24 in the five studies for mild to moderate AD
(EIS-161, JPN-3, MA3301, JPN-5, and D1301) was
1.116 5.39 (mean6 SD, P, .001). This change is smaller
(approximately 2.2/year if calculated per year) than the pre-
vious report (5.5 6 0.229/year, mean 6 standard error) [7]
despite similar ADAS-cog score at baseline between the pre-
sent study (24.546 8.86, mean6 SD) and in the previously
mentioned report (25.4, mean) [7], suggesting that the differ-
ence in the ADAS-cog change from baseline is possibly not
associated with difference in disease severity at baseline.
Therefore, this may be related with shorter treatment periods
in our five studies (22–24 weeks) than in the previous report
[7], suggesting that studies with longer treatment periods
tend to show greater decline of ADAS-cog [5]. Otherwise,
this smaller change may also be related with placebo
response, and the natural course of AD outside the clinical
trials may be more severe than what is shown in this study.
Regardless of the reason, these data on ADAS-cog decline
are helpful for prescribers/clinicians to predict and explain
future decline of cognitive function and effectiveness of
AD drugs for their patients.



Table 4

Baseline values of representative rating scales for dementia patients in placebo groups from eight placebo-controlled randomized trials targeting AD

AD severity Mild to moderate AD Severe AD

Trial name EIS-161 JPN-3 MA3301 JPN-5 D1301 IE2101 EIS-231 IE3501

Total number

of patients

129 136 180 194 268 107 102 208

CDR severity

Number

1 78 - 130 - - - - -

2 51 - 50 - - - - -

CDR-SB

Number 129 - 180 - - - - -

Mean (SD) 7.68 (2.43) - 7.20 (2.54) - - - - -

ADAS-cog

Number 126 136 180 194 266 - - -

Mean (SD) 26.73 (9.89) 24.04 (7.52) 20.91 (8.71) 26.41 (7.10) 24.86 (9.48) - - -

SIB

Number - - - - - 107 101 206

Mean (SD) - - - - - 72.57 (17.84) 67.03 (22.96) 70.05 (18.66)

MMSE

Number 129 136 179 194 268 107 102 -

Mean (SD) 16.54 (3.85) 16.47 (3.26) 17.46 (3.51) 16.51 (3.16) 16.75 (2.85) 10.42 (2.91) 7.99 (3.33) -

DAD

Number - 136 180 194 268 107 - -

Mean (SD) - 60.26 (22.24) 63.72 (22.43) 64.49 (20.03) 66.54 (20.03) 33.92 (18.73) - -

BEHAVE-AD

Number - 136 - 194 268 107 102 208

Mean (SD) - 5.65 (5.57) - 5.31 (4.91) 4.86 (4.50) 7.64 (6.12) 8.24 (6.09) 6.96 (5.93)

MENFIS

Number 129 136 - 194 268 107 - 208

Mean (SD) 30.30 (9.32) 27.46 (11.82) - 26.66 (9.93) 23.29 (11.21) 40.86 (10.66) - 36.33 (11.33)

ADCS-ADL

Number - - - - - 107 102 -

Mean (SD) - - - - - 31.59 (10.12) 26.43 (11.50) -

Abbreviations: AD, Alzheimer’s disease; CDR, Clinical Dementia Rating; CDR-SB, Clinical Dementia Rating Scales Sum of Boxes; ADAS-cog, Alz-

heimer’s Disease Assessment Scale-cognitive subscale; SIB, Severe Impairment Battery;MMSE,Mini-Mental State Examination; DAD, Disability Assessment

for Dementia; BEHAVE-AD, Behavioral pathology in Alzheimer’s Disease; MENFIS, Mental Function Impairment Scale; ADCS-ADL, Alzheimer’s disease

Cooperative Study-ADL scale; -, absent data; SD, standard deviation.
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Scores of SIB also deteriorated over time (more largely
at week 24 than at week 12) and exhibited no distinct
improvement (no placebo effect) during the studies. No
placebo effect may be associated with disease severity
(i.e., severe AD) and/or less frequent visits compared
with the previously mentioned two studies (EIS-161 and
JPN-5). A previous report analyzed a total of 499 moderate
to severe AD patients on placebo from three randomized
controlled trials using memantine or placebo conducted
outside of Japan [13]. MMSE and SIB of the 499 patients
on placebo at baseline were 9.8 (3.2) and 75.4 (18.5) shown
as mean6 SD, respectively, and similar to those in the pre-
sent study. In this report, SIB continuously declined over
time in patients on placebo as the present study, but SIB
in patients on memantine displayed transient improvement
at weeks 4 and 12. These findings demonstrate that SIB in
patients in placebo groups do not show transient improve-
ment due to the placebo effect, but the group on memantine
has demonstrated improved SIB scores compared to the
placebo group. Considering these findings, SIB scores are
unlikely to improve in the natural course of AD, making
improvement of those to be a good indicator for drug effi-
cacy. Further evaluation will be required because this is
the first report to show longitudinal changes of SIB in three
studies in parallel.

Analyses on the presence of rehabilitation and caregiver’s
relationship to patients were adopted because the use of the
nursing-care services leads to an inappropriate rating of CI-
BIC plus due to the reduction in the time spent on nursing
care and in the opportunity for observation of the patient’s
activities of daily living by the caregiver resulting from the
use of the nursing-care services [14]. However, no clear
impact of presence of rehabilitation or caregiver’s relation-
ship to patients on assessment of neuropsychological tests
was discerned.

The ADAS-cog data stratified by baseline MMSE or
ADAS-cog scores showed that the scores of ADAS-cog
worsen faster in the group (MMSE,18 or ADAS-
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Fig. 1. Longitudinal changes of test batteries in eight studies; scores of test batteries (A: ADAS-cog; B: total SIB; C: CDR-SB; D: DAD; E: BEHAVE-AD; F:

MENFIS; and G: ADCS-ADL) over time. N shows the number of patients in each group. X axis exhibits treatment period (week). Abbreviations: ADAS-cog,

Alzheimer’s Disease Assessment Scale-cognitive subscale; SIB, Severe Impairment Battery; CDR-SB, Clinical Dementia Rating Scales Sum of Boxes; DAD,

Disability Assessment for Dementia; BEHAVE-AD, Behavioral pathology in Alzheimer’s Disease; MENFIS, Mental Function Impairment Scale; ADCS-ADL,

Alzheimer’s disease Cooperative Study-ADL scale.
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cog�28) corresponding to moderate AD than that of mild
AD (MMSE�18 or ADAS-cog,28), being compatible
with previous reports [8,15]. This suggests the possibility
of moderate AD as a more appropriate AD population
compared with mild AD in clinical studies in terms of
displaying efficacy of symptomatic anti-AD drugs over pla-
cebo. The data also help to properly calculate the effect size
or sample size in future clinical studies. The previous report
analyzed a total of 2882 AD patients from nine randomized
controlled trials and one Alzheimer’s Disease Neuroimag-
ing Initiative [16]. Similar to the present data, this report
showed greater rate of progression on the ADAS-cog in pa-
tients with lower MMSE scores at baseline compared to
those with higher scores although patients on both placebo
and active drugs are included in this analysis. This report
suggest that enrichment of more severe AD based on
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Fig. 2. Longitudinal change of ADAS-cog after stratification. The data showADAS-cog changes after stratification by gender (A), age (B), disease duration (C),

age at onset (D), baseline MMSE scores (E), baseline ADAS-cog scores (F), and presence of rehabilitation (G). The data for SIB stratified by caregivers’ rela-

tionship to patients are shown in (H). N shows the number of patients in each group. X axis exhibits treatment period (week). Abbreviations: MMSE, Mini-

Mental State Examination; ADAS-cog, Alzheimer’s Disease Assessment Scale-cognitive subscale; SIB, Severe Impairment Battery.
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MMSE status at baseline has a small effect on the annual
rate of change of ADAS-cog and causes the expense of
excluding a large number of patients, requiring longer
recruitment period of patients. This fact leads us to
consider both well-balanced patient populations (i.e., ratio
of mild to moderate) and recruitment period when
designing future clinical trials.
Previous reports indicated potential several covariates
such as age, gender, and APOE genotype status affecting dis-
ease progression [8–12], whereas the present data showed no
clear trend on age and gender. Further evaluation may be
required to know whether these covariates are truly relevant.

The present study has some limitations. Numbers of
collected trials are relatively small (five for mild to moderate
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and three for severe AD). The data on education, APOE ge-
notype status, and biomarkers were unavailable. The data on
the present study are extracted from placebo-controlled,
double-blind, clinical trials, and the natural course of AD
outside the clinical trials may be more severe than what is
shown in this study.
5. Conclusions

The present study is the first instance of a study showing
natural courses of Japanese patients with AD in placebo
groups (i.e., untreated with currently approved symptom-
atic drugs for AD). This study provides prescribers/clini-
cians following up patients with AD with helpful
information on how to manage patients with AD (i.e.,
explanation of disease courses and efficacy of anti-AD
drugs to their patients) and use these drugs according to pa-
tients’ disease stages. This will also help create design of
future clinical studies such as criteria for cognitive function
at baseline, primary endpoint, and treatment period. It
should be noted that placebo effect is highly likely to be
observed at around week 8 (in particular, in mild to moder-
ate AD). Furthermore, to relevantly show efficacy of symp-
tomatic anti-AD drugs over placebo (larger effect size),
moderate AD appears to be more appropriate than mild
AD and week 24 more appropriate than week 12 as treat-
ment period although details depend on the objectives
and conditions of the target studies.
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RESEARCH IN CONTEXT

1. Systematic review: The author searched literature us-
ing sources such as PubMed and Embase. This was
conducted with various combinations of search terms
including Alzheimer’s disease (AD), longitudinal,
and placebo to understand that the data in previous
reports are similar to the present Japanese data
regarding the decline of rating scale scores in Alz-
heimer’s disease.

2. Interpretation: Decline of Alzheimer’s Disease
Assessment Scale-cognitive subscale (ADAS-cog)
appeared to be slower in the present Japanese data
compared with the previous ones reported outside of
Japan. Furthermore, the present data demonstrated
that decreases in ADAS-cog and Severe Impairment
Battery are larger at week 22 or 24 that at week 12,
and scores of ADAS-cog deteriorate faster in mod-
erate AD than in mild AD.

3. Future directions: The present data will provide cli-
nicians following up AD patients with helpful infor-
mation on how to manage AD patients and
investigators with instruction for clinical study
design (more beneficial at week 22 or 24 as evalua-
tion time points and moderate AD as target AD
severity). Further studies using Japanese as well as
non-Japanese data are required to replicate and
consolidate the present data.
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