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lzheimer’s disease (AD) is a relentless, progres-
sive neurodegenerative disease affecting at least
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Background: Alzheimer’s disease (AD) is the
most common cause of dementia in later life. It is
manifested by gradual and progressive decline in
cognitive function and ability to perform activities
of daily living (ADL) and the development of
behavioral disturbances. Progressive reduction in
functional ability reduces independence and quality
of life and adversely affects caregivers and society.
Therefore, benefit from any AD therapy may be
obtained not only from improved function but also
from stabilization or reduced worsening of function.

Method: This retrospective study of pooled
data from 3 randomized, placebo-controlled trials
(N = 2126) compared the incidence of different lev-
els of worsening between 2 rivastigmine treatment
groups and a placebo group at week 26 for cognition,
using the Alzheimer’s Disease Assessment Scale-
Cognitive subscale (ADAS-Cog); global functioning,
using the Clinicians’ Interview-Based Impression
of Change-Plus (CIBIC-Plus); and ADL, using the
Progressive Deterioration Scale (PDS). Categories of
worsening analyzed for each scale were as follows:
ADAS-Cog: any decline, ≥ 4-point decline, ≥ 7-point
decline; CIBIC-Plus: stabilized/worsened (rating =
4, 5, 6, or 7), any worsening (rating = 5, 6, or 7);
PDS: any worsening, ≥ 10% worsening.

Results: Patients treated with rivastigmine, 6–12
mg/day, showed significantly less decline in cog-
nition, global functioning, and ADL for all categories
of worsening examined compared with patients who
received placebo. The reduction in decline compared
with placebo was greater in the group receiving 6–12
mg/day of rivastigmine compared with the treatment
group receiving 1–4 mg/day of rivastigmine.

Conclusion: Rivastigmine reduces the amount of
worsening observed in cognition, global functioning,
and ADL in a 6-month trial period.
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A
15 million people worldwide1 and is the most common
cause of dementia in later life.2 AD is manifested by
progressive deterioration of memory, executive function,
language, praxis, and global cognitive function. Survival
from time of diagnosis to death ranges from 8 to 14 years.
Most patients spend their last 2 to 5 years in a nursing
home or receiving 24-hour home care.3 Disruptive agita-
tion and other severe behavioral disturbances are common
in the later stages of AD.4 The progressive nature of AD
results in tremendous emotional costs for the patient, the
family, and the caregiver.5

The Alzheimer’s Disease Assessment Scale-Cognitive
subscale (ADAS-Cog) is the tool most often used in clini-
cal drug trials to measure cognitive function objectively.6

Data collected from untreated AD patients with moderate
disease have suggested that the expected annual deteriora-
tion in cognition is approximately 8 points (Figure 1). 7 It
also appears that ti  amount of decline observed is influ-
enced by the disease severity of the patient, with more se-
vere patients generally declining at a faster rate than pa-
tients with mild AD.

Currently, cholinesterase (ChE) inhibitors are the only
proven pharmacologic therapy for the symptomatic treat-
ment of AD.1 Benefits from these medications have been
judged primarily through their ability to improve cog-
nition, global functioning, and activities of daily living
(ADL) after treatment for up to 6 months. Predefined
“clinically relevant” levels of improvement on various
scales used in clinical trials are often the yardsticks used
to establish the meaningfulness of how effective the
medication is. For example, for cognition, a ≥ 4-point
or ≥ 7-point improvement from baseline scores on the
ADAS-Cog is thought to be required if the treatment is
to be considered beneficial. However, since untreated pa-
tients can be expected to decline by 4 to 5 points every
6 months, maintaining function and cognition or simply
reducing the amount of symptomatic worsening is benefi-
cial and should be considered as such.

Rivastigmine is a centrally selective ChE inhibitor that
demonstrates brain-region selectivity for the hippocam-
pus and cortex8 due to its preferential inhibition of the G1
isoenzyme of acetylcholinesterase, the predominant form
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found in the hippocampus and cortex of AD patients.
Thus, rivastigmine acts on the areas of the brain that are
most adversely affected by AD. The results of 2 double-
blind, 6-month, placebo-controlled studies together with a
pooled analysis involving 3 studies with rivastigmine in
patients with mild to moderately severe AD have prev-
iously been reported.9–11 In both studies and the pooled
analysis, patients treated with high-dose rivastigmine
(6–12 mg/day) demonstrated clinical improvement on all
outcome measures, including cognition, global assess-
ment of change, ADL, and disease severity. Treatment
with rivastigmine has not been associated with significant
changes on electrocardiogram, cardiovascular vital signs,
or laboratory parameters. As with other ChE inhibitors,
the adverse events reported in the rivastigmine clinical tri-
als were primarily gastrointestinal in nature (e.g., nausea,
vomiting, anorexia) and were mild to moderate in inten-
sity and transient. 9,10

This article describes the effects of rivastigmine on re-
ducing the amount of worsening observed on cognition,
global function, and ADL over the 6-month trial period
using a pooled analysis.

METHOD

The results described are from a pooled analysis
of 3 double-blind, placebo-controlled, 26-week studies,
B352, B303, and B351, which have been described pre-
viously.9–11 A total of 2126 patients were randomized in
the 3 studies. Only selected aspects of the study methods

are described below. This report describes the results of
an analysis conducted evaluating the level of worsening
observed in each treatment group on the ADAS-Cog,12 the
Clinicians’ Interview-Based Impression of Change-Plus
(CIBIC-Plus),13 and the Progressive Deterioration Scale
(PDS).14

Patient Population
Patients were at least 50 years of age (mean = 73.5

years) and of nonchildbearing potential, fulfilled Ameri-
can Psychiatric Association Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV)15

criteria for Alzheimer’s type dementia, and had probable
AD according to the criteria of the National Institute of
Neurological and Communicative Disorders and Stroke
and the Alzheimer’s Disease and Related Disorders Asso-
ciation (NINCDS-ADRDA),16 with mild to moderately
severe impairment based on a Mini-Mental State Exami-
nation (MMSE) score between 10 and 26 (both inclu-
sive).17 Patients with coexistent diseases were enrolled in
the studies unless their medical condition was severe
and/or unstable.9–11

The 3 groups (rivastigmine, 6–12 mg/day and 1–4
mg/day, and placebo) were comparable with respect to the
mean age (73.2, 73.6, and 73.8 years, respectively) and
the proportion of patients who were older than 75 years
(43%, 46%, and 45%, respectively). In addition, the per-
centage of women in each group was also similar (61%,
56%, and 58%, respectively).

Study Design
The studies (B352, B303, and B351) were 26 weeks

in duration and implemented a double-blind, placebo-
controlled, parallel-group design. All of the studies had a
titration phase and a maintenance phase. Details of each
trial with respect to rivastigmine dose in the titration
phase and maintenance phase are provided in Table 1.
Studies B351 and B352 were conducted in U.S. centers.
Study B303 was conducted in both U.S. and European
centers. Study B351 utilized a fixed-dose forced titration
design in which no dose adjustments were permitted.
Studies B352 and B303 evaluated flexible dosing within 2
nonoverlapping dose ranges of rivastigmine versus pla-
cebo: 1–4 mg/day (low-dose group) and 6–12 mg/day
(high-dose group). Doses (2 capsules twice daily with
food) were titrated weekly during the first 12 weeks
within 1 of 2 dose ranges; the low-dose group received

Table 1. Design of the Phase 3 Placebo-Controlled Studies
Rivastigmine Titration Maintenance

Study Dose (mg/d)a Phase Phase

B352/B303 1–4; 6–12 Fixed Partially flexible
B351 3; 6; 9 Fixed Fixed
aMedication was administered twice daily.

Figure 1. Hypothetical Data Showing Annual Deterioration
of Cognition in Alzheimer’s Disease Measured by the
Cognitive Portion of the Alzheimer’s Disease Assessment
Scale (ADAS-Cog)a

aAdapted from Mohs,6 with permission; additional data from
Stern et al.7
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1–4 mg/day and the high-dose group received 6–12
mg/day. Patients were pushed to their maximum tolerated
dose within their dose range. No dose reductions were
permitted during the titration phase. However, doses
could be held at a level for a maximum of 2 weeks, with
only 3 such opportunities permitted at different dose lev-
els during titration. Flexibility within the assigned dose
range was permitted during the maintenance phase. Effi-
cacy evaluations were performed at baseline and weeks
12, 18, and 26 or early termination and included the
ADAS-Cog, CIBIC-Plus, and PDS.

Analyses were performed to compare the incidence of
different levels of worsening between the 6–12 mg/day
of rivastigmine group and placebo group and the 1–4
mg/day of rivastigmine group and placebo group at week
26 for the ADAS-Cog, CIBIC-Plus, and the PDS. The
following describes the scales utilized in the phase 3 con-
trolled studies with rivastigmine and the categories of
worsening analyzed.

ADAS-Cog
The ADAS-Cog is the cognitive subscale of the

ADAS. It is an 11-item cognitive subscale that objectively
measures language, memory, orientation, and praxis.12 In
this analysis, worsening categories included the follow-
ing: any decline, a ≥ 4-point decline, and a ≥ 7-point
decline.

CIBIC-Plus
The CIBIC-Plus measures overall global functioning

by taking into account cognition, behavior, and ADL. It is
a 7-point rating scale (1 = markedly improved, 2 = mod-
erately improved, 3 = minimally improved, 4 = no change,
5 = minimally worse, 6 = moderately worse, 7 = markedly
worse) that is completed following an interview of both
the patient and the caregiver by an independent clinician.13

Two categories of worsening were included in this analy-
sis: stabilized or worsened (rating = 4, 5, 6, or 7) and any
worsening (rating = 5, 6, or 7).

PDS
The PDS is a 29-item bipolar analog scale that assesses

the ADL or quality of life of the patient and is completed
by the caregiver. The PDS assesses items such as orienta-
tion, memory, time, finances, hobbies, self-care interac-
tions, and task performance. A clinically significant im-
provement is defined as a 10% or greater improvement from
baseline.14 In this analysis, the categories of PDS worsen-
ing were defined as any worsening and ≥ 10% worsening.

Statistical Methods
Efficacy analyses were performed on data sets for

intent-to-treat (all randomized patients), last-observation-
carried-forward (LOCF; randomized patients with at
least one evaluation while on study drug), and observed
cases (randomized patients with at least one evaluation
while on study treatment at designated assessment times).
Nonefficacy analyses (e.g., patient demographic charac-
teristics and patient disposition) were performed on data
sets of patients who were randomized and had taken at
least one dose of the study drug. For all comparisons, the
Fisher exact test was performed. All comparisons with pla-
cebo were 2-tailed, with p values < .05 being considered
statistically significant. Primary analyses used for worsen-
ing included the Fisher exact test. The statistical methods
have been described previously.9–11

RESULTS

A total of 2126 patients were randomly assigned in the
3 clinical studies: 828 to the 6–12-mg/day group, 651 to the
1–4-mg/day group, and 647 to placebo. Of the 2126 ran-
domized patients, 2114 patients received at least one dose
of the study drug. Approximately 88% of patients reported
at least one active medical condition at baseline (Table 2).
The most common conditions were musculoskeletal (37%),
cardiovascular (32%), gastrointestinal (22%), central and
peripheral nervous system (21%), psychiatric (20%), and
metabolic/nutritional disorders (19%). By the end of the
study, the mean ± SD dose of rivastigmine was 7.0 ± 2.4
mg/day in the 6–12 mg/day group and 2.8 ± 0.7 mg/day in
the 1–4 mg/day group. A summary of patient disposition is
provided in Table 3.

Table 2. Summary of Frequently Occurring
Concurrent Medical Conditions

Rivastigmine

6–12 mg/d 1–4 mg/d Placebo
(N = 824) (N = 644) (N = 646)

Medical Condition N % N % N %

Any current 724 88 564 88 561 87
medical condition

Cardiovascular 280 34 198 31 199 31
disorders

Central/peripheral nervous 175 21 142 22 118 18
system disorders

Gastrointestinal disorders 189 23 146 23 133 21
Metabolic/nutritional 150 18 127 20 116 18

disorders
Musculoskeletal disorders 314 38 231 36 240 37
Psychiatric disorders 173 21 131 20 117 18

Table 3. Patient Disposition
Rivastigmine

6–12 mg/d 1–4 mg/d Placebo
(N = 824) (N = 644) (N = 646)

Disposition N % N % N %

Completed 515 63 538 84 535 83
Discontinued 309 38 106 16 111 17

Adverse event 219 27 54 8 54 8
Death 2 < 1 0 0 0 0
Withdrawal of consent 48 6 21 3 20 3
Protocol violation 8 1 6 1 5 1
Other 32 4 25 4 32 5
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Efficacy
The intent-to-treat data set results at week 26 for the

ADAS-Cog, CIBIC-Plus, and PDS as presented in Table 4
were significant for all definitions on each measure for
the 6–12 mg/day of rivastigmine group compared with
placebo. The observed cases data set results (not pre-
sented here) were also similar to the intent-to-treat results.
Overall, a greater percentage of patients receiving pla-
cebo worsened on the ADAS-Cog, CIBIC-Plus, and PDS
compared with the high-dose rivastigmine (6–12 mg/day)
and low-dose rivastigmine (1–4 mg/day) groups. The fol-
lowing describes the specific results observed.

ADAS-Cog
Statistically significant differences were found for

both groups taking 6–12 mg/day of rivastigmine com-
pared with the placebo group in all 3 categories of decline
(any decline, ≥ 4-point decline, and ≥ 7-point decline).
It should be noted that only 49% of patients treated with
6–12 mg/day of rivastigmine showed any decline com-
pared with 64% of those treated with placebo. In addition,
22% of patients treated with 6–12 mg/day of rivastigmine
showed ≥ 4-point decline compared with 36% of those
treated with placebo.

CIBIC-Plus
Statistically significant differences were found in the

group taking 6–12 mg/day of rivastigmine compared with
the placebo group in both categories: stabilized or wors-
ened (rating of 4, 5, 6, or 7) and worsened (rating of 5, 6,
or 7). In addition, statistically significant differences from
placebo were also found in the group taking 1–4 mg/day
of rivastigmine in the stabilized or worsened category.
It should be noted that only 34% of patients treated with
6–12 mg/day of rivastigmine worsened compared with
43% of patients treated with placebo.

PDS
Statistically significant differences between the group

taking 6–12 mg/day of rivastigmine and the placebo
group were found in the any worsening and ≥ 10% wors-
ening categories.

DISCUSSION

Alzheimer’s disease patients treated with rivastigmine
worsen less on measures of cognition, global functioning,
and ADL than patients treated with placebo. The reduc-
tion in decline is greater with the higher dose range
of 6–12 mg/day than with the lower dose range of 1–4
mg/day. These data suggest that clinicians should include
“reduced worsening” in their concept of benefit when
treating patients with AD. Patients within the community
may have treatment discontinued when no improvement
is observed within the first few months of starting a ChE
inhibitor. However, lack of improvement does not neces-
sarily indicate lack of benefit. Patients who receive riva-
stigmine and show decline may well be declining at a
slower rate than without treatment.

Most patients with AD spend their last years in a nurs-
ing home. A study by Knopman et al.18 showed that after 2
years of follow-up, patients treated with a high dose of the
ChE inhibitor tacrine were less likely to enter a nursing
home than those patients receiving lower doses. Thus,
reduced worsening in patients receiving long-term ad-
equate doses of ChE-inhibitor therapy may have impor-
tant health care implications. Unfortunately, owing to the
worsening effects on liver function tests associated with
this agent, tacrine has limited therapeutic use. Although
no comparable data are yet available for other ChE inhibi-
tors, a recently published report by Farlow et al.19 sug-
gests that patients treated with rivastigmine for up to 52
weeks continue to show cognitive benefits. The cognitive
benefits observed in the group receiving 6–12 mg/day of
rivastigmine after 52 weeks of treatment were superior to
those seen in the placebo patients, who eventually re-
ceived open-label rivastigmine for at least 26 weeks.

The benefits of any AD therapy must be viewed in light
of the fact that AD is a disease manifested by progressive
deterioration in cognition, behavior, and function.2 There-
fore, benefit from AD therapy may be obtained not only
from improvement but also stabilization and reduced
worsening of these parameters. These data indicate that
the amount of cognitive and functional worsening in pa-
tients treated with rivastigmine is reduced significantly.

Drug names: rivastigmine (Exelon), tacrine (Cognex).
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