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Abstract

Following the completion of a 20-week, open-label study of the safety and efficacy of liquid rivastigmine for adolescents with

Down syndrome, 5 of the 10 adolescents in the clinical trial continued long-term rivastigmine therapy and 5 did not. After an

average period of 38 months, all 10 subjects returned for a follow-up assessment to determine the safety and efficacy of long-term

rivastigmine use. Rivastigmine was well tolerated and overall health appeared to be unaffected by long-term rivastigmine use.

Performance change on cognitive and language measures administered at the termination of the open-label clinical trial was

compared between the two groups. No between-group difference in median performance change across the long-term period was

found, suggesting that the long-term use of rivastigmine does not improve cognitive and language performance. However, two

subjects demonstrated remarkable improvement in adaptive function over the long-term period. Both subjects had received long-

term rivastigmine therapy. The discussion addresses the challenge of assessing cognitive change in clinical trials using adolescents

with Down syndrome as subjects and the use of group versus individual data to evaluate the relevance of medication effects.

Introduction

Down syndrome (DS) is the most common genetic condition

associated with intellectual disability, occurring in 1 of 733

births (Canfield et al. 2006). Several studies have suggested that

cholinesterase inhibitors (ChEIs), such as donepezil hydrochloride

and rivastigmine tartrate, may be an effective treatment for cog-

nitive dysfunction in individuals with DS ( Johnson et al. 2003;

Heller et al. 2004, 2006; Kishnani et al. 2009). Heller et al. (2006)

reported the results of a 20-week, open-label study of the safety and

efficacy of liquid rivastigmine for adolescents with DS, the first

clinical trial of rivastigmine on specific cognitive domains in pe-

diatric DS. Despite the small sample size (10 subjects), rivas-

tigmine was generally well tolerated (16 total adverse events, all

known side effects of ChEIs) and a significant improvement in

adaptive function, attention, memory, and language was found. At

study completion, the parents of five of the subjects established off-

label rivastigmine therapy for their children through their local

physician. Five families did not continue rivastigmine therapy. This

is a report of the follow-up evaluation of these 10 subjects.

Purpose

The purpose of this study was to determine (a) if there were any

safety issues that developed with long-term use of rivastigmine, and

(b) does long-term use of rivastigmine improve language and

cognitive skills.

Methods

Design

This ‘‘natural study’’ resulted from the unplanned split of the

subjects into two groups, that is, those individuals who sustained

long-term treatment with rivastigmine (long-term group) and those

individuals who terminated rivastigmine use at the completion of

the open-label trial (short-term group). All subjects were consented

and brought back to Duke University Medical Center for a single

follow-up visit on average 38 months after their final open-label

trial visit. The follow-up visit consisted of a health review, a

medication safety check and the completion of the same battery of

cognitive and language tests administered during the open-label

trial. Because of the small number of subjects, all reported group

data are median scores.

Subjects

There were four boys and one girl in both groups. At follow-up,

the average age was 15 years 7 months for the long-term subjects

and 15 years 10 months for the short-term subjects. Of the five long-

term subjects, two received rivastigmine at a dose of 6 mg divided
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bid; one received a dose of 4.5 mg divided bid; one received a 3 mg

dose divided bid; and one received a 1.5 mg single dose. All sub-

jects received a dose of 4.5 mg divided bid during the open-label

trial. One of the 10 subjects (short-term subject 2) did not tolerate

the 4.5 mg dose and was reduced to 3.0 mg for most of the trial.

Measures

Health status/medication safety

Electrocardiograms, medical history, and blood test for liver

function were completed at the conclusion of the open-label trial

and at follow-up. In addition, common side effects of rivastigmine

were reviewed with the parents to identify adverse events.

Efficacy

At follow-up, the subjects were retested on the following cog-

nitive domains:

(a) Adaptive behavior (Vineland Adaptive Behavior Scales

[VABS]) as measured by the sum of the Communication,

Daily Living Skills and Socialization domain standard scores

of the VABS, Interview Edition (Sparrow et al. 1984);

(b) Language as measured by the total language score and the

expressive language score of the Clinical Evaluation of

Language Fundamentals–Preschool (Wiig et al. 1992) and

the total score from the Test of Verbal Expression and

Reasoning (Heller et al. 2000);

(c) Attention as measured by the Attention Sustained A (for

ages 2–3 years) and B (for ages 4–5 years) subtests of the

Leiter International Performance Scale–Revised (Leiter-R)

(Roid and Miller 1997);

(d) Memory as measured by the Narrative Memory and Im-

mediate Memory for Names subtests of the NEPSY: A

Developmental Neuropsychological Assessment (Korkman

et al. 1998).

As in the open-label trial, the language, attention, and memory

performance changes were reported in terms of raw score change,

and the adaptive behavior change was measured in terms of the

change in the sum of the domain standard scores.

Results

Health status/medication safety

At follow-up, rivastigmine-related adverse events (AEs) were

reported for two of the five subjects in the long-term group. Three

families did not report any AEs. The AEs for the child on the 6.0 mg

dose were increased crying and increased urination. The increase in

urination was temporary and the increased crying resolved with the

introduction of birth control pills. A child on the 4.5 mg dose ex-

hibited a temporary increase in defiance while receiving rivas-

tigmine. In addition, increased urination and difficulty with

morning arousal were noted in association with the use of ato-

moxitine. Overall, all subjects appeared healthy. No change in

electrocardiogram or liver function was found for any subject.

Efficacy

Median (range) raw score performance changes for each group

across the open-label trial (baseline vs. final visit) and the long-term

(trial final visit vs. follow-up visit) periods are presented in Table 1.

Group performance change during the open-label
trial. As a group, the children provided with long-term rivas-

tigmine therapy demonstrated greater improvements in all test

domains than the children with short-term rivastigmine therapy

during the open-label trial. Without feedback from the research

team, the parents’ decision to pursue long-term/continued rivas-

Table 1. Performance Change per Treatment Group (Median [Range]) on Measures of Adaptive Behavior, Language,

Attention, and Memory During the Open-Label Trial and the Long-Term Follow-Up Period

Test Group
Performance change

during the open-label trial
Performance change

during the long-term follow-up period

Adaptive behavior
VABS composite Long term 6 (0, 27) �14 (�34, 46)

Short term 1 (�3, 14) �14 (�29, 4)
Language

TOVER Long term 8 (0, 18) 2 (�2, 8)
Short term 2 (�1, 5) 4 (�2, 7)

CELF-P total score Long term 11 (1, 15) 10 (�7, 19)
Short term 2 (�3, 9) 14 (�3, 19)

CELF-P expressive Long term 12 (3, 14) 7 (�2, 12)
Short term �1 (�4, 8) 9 (�5, 14)

Attention
Leiter attention A Long term 7 (0, 20) 2 (0, 17)

Short term 5 (3, 8) 0 (�4, 18)
Leiter attention B Long term 7 (0, 23) �1 (�16, 8)

Short term 3 (�1, 20) �1 (�4, 11)
Memory

NEPSY memory for names Long term 6 (�1, 9) �1 (�6, 1)
Short term 3 (�1, 16) �2 (�6, �1)

NEPSY narrative memory Long term 6 (�1, 9) �1 (�6, 1)
Short term 3 (�1, 16) �2 (�6,�1)

CELF-P¼Clinical Evaluation of Language Fundamentals; TOVER¼Test of Verbal Expression and Reasoning; VABS¼Vineland Adaptive Behavior
Scales; NEPSY¼NEPSY: A Developmental Neuropsychological Assessment.
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tigmine was associated with the level of cognitive/language im-

provement exhibited by their child during the open-label trial.

Group performance change during the long-term period.
Despite the fact that the long-term group exhibited a larger per-

formance gain during the open-label trial, this trend did not con-

tinue through the long-term period. These results suggest that there

was no additional benefit to the long-term use of rivastigmine.

Discussion

On average, the long-term group was 3 months younger that the

short-term group; the time between the last open-label visit and

follow-up was 6 months less than the short-term group, and the

long-term group had higher adaptive behavior, language, and at-

tention (Leiter Attention B) scores at the start of the open-label trial.

The Leiter Attention A scale and NEPSY memory scores of the two

groups were essentially identical at the start of the open-label trial.

Based on the results, we arrive at the following conclusions:

(a) No safety issues developed from the long-term use of riv-

astigmine. Rivastigmine was well tolerated over the long

term at doses ranging from 1.5 to 6.0 mg bid. As noted in

the open-label trial, the reported adverse events were minor,

temporary, and associated with the introduction of the drug

following the completion of the open-label trial. Overall

health appeared to be unaffected by long-term rivastigmine

use.

(b) There was essentially no difference in median performance

change across the long-term period for either group,

suggesting that the long-term use of rivastigmine does not

improve cognitive and language performance.

However, an analysis of individual subject performance change

suggests that the efficacy conclusion may not be as simple as

suggested by the group data. For example, the VABS-adaptive

behavior score decreased over the long-term period for most (6/10

subjects), whereas the VABS-adaptive behavior scores of 4 sub-

jects, 2 from each group, increased over the same time period. The

VABS-adaptive behavior scores of the two short-term subjects each

increased 4 points and the VABS-adaptive behavior scores of the

two long-term subjects increased 24 and 46, respectively. The large

change in score by the two long-term subjects suggests that at least

these two subjects may have made important gains in adaptive

function over the long-term period.

The challenge with these results and the results of all the mea-

sures utilized to assess cognitive change in children and adolescents

with DS is to determine their relevance. Although traditional

cognitive and language tests are often used in clinical trials, the

standard scores from these tests (standardized on a typically de-

veloping population) often place the performance of children and

adolescents with DS at the floor of the standardization scale. One

way to circumvent this problem is to use the simple raw score for

baseline and posttreatment to measure performance change. Al-

though this is an effective strategy to measure change, it provides

little insight into understanding the relative importance of the

change. For example, in this study, the expressive language score of

one subject increased 7 points (more than a 50% gain from a score

of 12 at the start of the long-term period to 19 at the end of the long-

term period). The expressive language score of a subject in the

other group increased 5 points (from 41 to 46) over the same period.

Which gain is more important? In this case, it could be argued that

the 5-point gain is more important because it demonstrates the

acquisition of higher-level concepts than the concepts acquired in

the 7-point gain. Given two groups equal in age and cognitive

ability, the measure of raw score change in cognitive and language

measures is a reasonable approach to compare performance change

across two groups. However, the more these two groups differ in

these important characteristics, the less relevant large between-

group differences become.

In this study, the short-term group was slightly older than the

long-term group and the baseline performance of the short-term

group was generally lower than the long-term group. In light of

these challenges to score interpretation, the VABS-adaptive be-

havior scores were converted to VABS adaptive behavior com-

posite scores. VABS adaptive behavior composite scores are

standardized scores and were derived from the sum of the three

VABS domain standard scores. VABS adaptive behavior com-

posite score change was calculated for all 10 subjects across the

open-label trial and the long-term period (Table 2). In an effort to

understand the relevance of 10 individual change scores, the

magnitude of standard score change was compared with the VABS

criteria for test–retest reliability. The VABS manual provides cri-

terion values for four confidence intervals, 68%, 90%, 95%, and

99%, at different ages.

As Table 2 indicates, during the open-label trial, the change in

standard score performance of two subjects (long-term subjects 3

and 5) exceeded the VABS criterion level. Both subjects increased

their VABS adaptive behavior composite scores by 8 points. This

change in the older boy’s performance exceeded the VABS 90%

confidence interval and the change in the younger boy’s perfor-

mance exceeded the VABS 95% confidence interval. Over the

long-term period, significant performance change was noted in four

subjects. The performance gains of two long-term subjects (7 and

14 points, respectively) exceeded the VABS 95% and 99% confi-

dence intervals. Two subjects, one from each group, demonstrated

remarkable performance declines (a loss of 9 for the long-term

subject and a loss of 10 for the short-term subject). Both declines

exceeded the VABS 95% confidence interval for test–retest

equivalence.

Table 2. Individual Subject Vineland Adaptive Behavior

Composite Score Change During the Open-Label Trial

and the Long-Term Follow-Up Period

Group/subject
Years of age
at follow-up

Performance
change during
the open-label

trial

Performance
change during
the long-term

follow-up period

Long term
Subject 1 12 1 7a

Subject 2 15 0 �4
Subject 3 16 8b �9b

Subject 4 12 2 �4
Subject 5 15 8a 14c

Short term
Subject 1 20 0 �3
Subject 2 15 1 �4
Subject 3 22 �1 2
Subject 4 15 4 2
Subject 5 14 0 �10b

aPerformance change exceeds 90% confidence interval for age.
bPerformance change exceeds 95% confidence interval for age.
cPerformance change exceeds 99% confidence interval for age.
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In summary, only two subjects exhibited performance gains that

exceeded VABS test–retest 90% confidence intervals during the

open-label trial and during the long-term period. Both subjects were

from the long-term group and one of the two exhibited significant

gains during both periods. The long-term subject who exhibited

significant gains during the open-trial demonstrated a significant loss

in adaptive behavior skills during the long-term period. The loss of

adaptive behavior skills occurred during the long-term period, a

period of substantial family stress for this subject.

The results of the individual subject analysis in this study are

concordant with other trials (e.g., Heller et al. 2004; Kishnani et al.

2009) that have reported that the effects of rivastigmine therapy are

not consistent across individuals with DS, with many individuals

showing little to no gains with therapy. This inconsistent pattern of

performance across subjects suggests that there may be a subset

of responders to cholinergic therapy within the larger group of

adolescents with DS.

Addressing the question of drug efficacy in this study, we con-

clude that the group data fail to show cognitive or language im-

provement with treatment. However, of the two subjects who

demonstrated significant gains in adaptive function, both received

long-term rivastigmine treatment. The use of rivastigmine for these

two individuals seems to be clinically relevant.

These apparently conflicting results raise important issues

regarding the assessment of cognitive change in clinical trials

(Harrison and Maruff 2008). For example, how do we measure the

clinical relevance of ChEIs such as rivastigmine or other pharma-

cological interventions in this population? Is clinical relevance

determined from group data or individual data? Cummings (2000)

reported that when individuals with Alzheimer’s disease are treated

with cholinergic therapy, *50% of the subjects show at least a 4-

point gain on the Alzheimer’s Disease Assessment Scale-Cognitive

Portion, whereas *30% of the subjects given placebo show at least

a 4-point gain. In Alzheimer’s disease, clinical relevance is defined

by the additional 20% of the treatment group who reach the 4-point

criterion performance level. Cummings added that the average

response to cholinergic treatment in the Alzheimer’s disease pop-

ulation includes a small group of subjects exhibiting striking im-

provement, matched by a proportionate group demonstrating

uninterrupted decline.

The inconsistent pattern of response to cholinergic therapy in

adolescents with DS suggests the possibility of genetic or epige-

netic factors that could affect response to cholinergic therapy.

Additional investigation may identify genetic modifiers that could

influence outcome of individuals with DS (Blesa et al. 2006).
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