
A Randomized, Controlled Trial of 
Linopirdine in the Treatment of 
Alzheimer's Disease 
Kenneth Rockwood, B. Lynn Beattie, M. Robin Eastwood, Howard Feldman, 

Erich Mohr, William Pryse-Phillips and Serge Gauthier 

ABSTRACT: Objectives: We tested the efficacy and safety of linopirdine, a novel phenylindolinone, 
in the treatment of Alzheimer's disease. Methods: A multicentre, randomized, double-blind, parallel 
group, placebo-controlled trial of linopirdine (30 mg three times per day or placebo). Patients (n = 382, 
55% male, 98% Caucasian, age range 51-95 years) with mild or moderate Alzheimer's disease, of 
whom 375 received at least one treatment dose were analysed. There were no important differences 
between the groups at baseline. Results: No difference was seen in Clinical Global Impression scores 
between patients receiving placebo and those receiving linopirdine (n = 189). Small differences in the 
Alzheimer's Disease Assessment Scale-Cognitive Subscale (ADAS-Cog) scores were seen throughout 
the study favouring linopirdine; at 6 months the ADAS-Cog scores were 20.2 (linopirdine) and 22.1 
(placebo) p = 0.01. Conclusions: This trial did not detect clinically meaningful differences in patients 
receiving linopirdine for 6 months, despite evidence of a small degree of improved cognitive function. 
Further studies may benefit from more sensitive tests of treatment effects in Alzheimer's disease. 

RESUME: Etude randomisee, controlee, de la linopirdine dans le traitement de la maladie d'Alzheimer. But: 
L'objectif de l'etude etait d'evaluer Pefficacite et la securite de la linopirdine, une nouvelle phenylindolinone, dans le 
traitement de la maladie d'Alzheimer. Methodes: II s'agit d'une etude multicentre, randomisee, en double-insu, avec 
groupes paralleles et controlee par placebo. La linopirdine ou un placebo etait administre a la dose de 30 mg trois fois 
par jour chez des patients (n = 382, dont 55% etaient des hommes, 98% etaient caucasiens, dont Page variait de 51 a 
95 ans) atteints de maladie d'Alzheimer legere ou moderee. Les observations sur 375 patients ayant recju au moins une 
dose de la medication a l'etude ont ete analysees. II n'y avait pas de difference importante entre les groupes a revalua
tion initiate. Resultats: Nous n'avons pas observe de difference dans le score d'impression clinique globale entre les 
patients recevant le placebo et ceux recevant la linopirdine (n = 189). Pendant toute la duree de l'etude, il existait de 
petites differences dans les scores de Pechelle devaluation de la maladie d'Alzheimer - sous-echelle cognitive - en 
faveur de la linopirdine; a 6 mois, les scores etaient de 20.2 (linopirdine) et 22.1 (placebo) p = 0.01. Conclusions: 
Cette etude n'a pas detecte de difference cliniquement significative chez les patients recevant la linopirdine pendant 6 
mois, malgre l'observation d'une legere amelioration de la fonction cognitive. Des etudes ulterieures auraient avantage 
a utiliser des tests plus sensibles pour detecter les effets du traitement dans la maladie d'Alzheimer. 
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Alzheimer's disease is common,1'2 greatly feared1 and 
costly.3,4 Effective treatment of Alzheimer's disease remains lim
ited.5"15 Our group was therefore interested in testing new treat
ments of this type of dementia. 

Linopirdine, a novel phenylindolinone compound, appeared 
to be a promising agent. Like many experimental Alheimer's 
disease treatments, it increases release of acetylcholine. In con
trast to other agents which inhibit acetylcholinesterase (AChE), 
linopirdine appears to selectively enhance physiologic ACh 
release.16"18 In consequence, it was felt to have the potential to 
avoid the side-effects of AChE inhibitors which arise from 
chronic postsynaptic stimulation.18 In addition, it enhances 
release of noradrenaline and serotonin,16 both of which have 
been reported to be decreased in Alzheimer's disease.1114 

We report the results of a randomized, controlled study of the 

efficacy and safety of l inopirdine in the treatment of 

Alzheimer's disease. 
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METHODS 

Design, sample size, duration 

The study was designed by the sponsor, DuPont Pharma and 
modified, after discussion with the investigators, to include a 
measure of independence in personal care. 

We employed a randomized, double-blind, parallel group, 
placebo-controlled design. This was a Phase III trial. The main 
outcome measures of efficacy, as detailed below, were clinically 
important change, as measured by the Clinical Global 
Impression (CGI) and improved cognitive function, as measured 
by the Alzheimer's Disease Assessment Scale - Cognitive 
Subscale (ADAS-Cog).19 Assuming a standard deviation of 4, 
we calculated that 160 patients per group would be required to 
have 90% power to detect a 1.6 difference (felt clinically to be 
represent an important effect) in the ADAS-Cog score at 6 
months, at the 0.05 significance level.20 

Measures 

The primary clinical outcome measure, the CGI, is a 7 point, 
semi-quantitative scale of the change in the patients' condition 
compared with study entry. It is scored so that 1 = very much 
improved; 4 = no change, and; 7 = very much worse, with 
descriptors of "much" and "minimal" change for the other 
points. This rating was performed by the clinician with knowl
edge of the caregivers' and nurses' observations, but blind to the 
psychometric scores. The primary cognitive outcome measure, 
the ADAS-Cog, provides a performance-based assessment of 
memory, language, visuospatial skills, praxis and orientation. 
For the study to have established benefit of linopirdine over 
placebo a statistically significant difference in both the propor
tion of patients improving and in the ADAS-Cog scores at 6 
months compared with baseline would have been required. 

Six secondary measures were incorporated in this study. The 
ADAS noncognitive scale (ADAS-Noncog) measures behav
ioural aspects such as mood, behaviour, motor activity, thought 
content and vegetative symptoms. These data were collected 
based on test performance and an account from the carer of the 
patient's behaviour in the week prior to testing. The Syndrome 
Kurtz Test (SKT) is a psychometric battery of nine subtests 
designed to measure attention, memory and language and learn
ing functions.21 The Folstein Mini-Mental State Examination 
(MMSE) was also administered.22 Functional capacity was mea
sured using the Lawton-Brody Instrumental Activities of Daily 
Living (IADL) scale, and the Physical Self-Maintenance Scale 
(PSMS).23 Behavioural disturbances were measured using the 
Dementia Behavioural Disturbance Scale (DBDS).24 This 28-
item questionnaire was completed by carers, in reference to 
changes in the patients' behaviour from baseline. Like the 
IADL, PSMS, and ADAS, the DBDS is scored so that at higher 
score is consistent with worse dementia. 

Safety was measured by a recording of adverse clinical 
events, including abnormal test results in laboratory data and 
electrocardiograms. Safety visits were carried out in conjunction 
with efficacy assessments at entry, baseline, and days 15, 29, 43, 
71, 99,127, 155 and 183. 

Patients and Randomization Procedure 

Patients with mild to moderate Alzheimer's disease, as 
defined using DSM-III-R25 and the McKhann criteria26 were eli
gible for treatment if their MMSE scores were between 15 and 

24, inclusive. Patients were excluded if they had a past history 
of a major affective disorder or schizophrenia, or evidence of 
dementia not caused by Alzheimer's disease, including vascular 
dementia. Specifically, patients with a Hachinski ischaemia 
score27 of 4 or more, and those with a history of stroke, or of 
clinically significant carotid or vertebral-basilar stenosis or 
plaque, or a CT or MRI scan demonstrating prior stroke or 
widespread lacunar lesions were excluded. Also excluded were 
patients with clinically significant mass lesions, or focal EEG 
changes, and those with a history of significant alcohol or drug 
abuse. Patients with hallucinations, or visual or auditory prob
lems which would interfere with testing were excluded. 
Concomitant medications for any other central nervous system 
disorder were not allowed. 

Patients were randomized upon entry into the study. All 382 
patients entered a two week, single-blind placebo lead-in to 
establish baseline measurement, carried out at the end of this 
period, followed by double-blind, randomized treatment. 
Randomization of patients was stratified based on their MMSE 
score at study entry, with scores of 14-18 = moderate and 19-24 
= mild. Medications were assigned in blocks of 4 within each 
stratum at each centre. 

Analysis 

Efficacy data were analysed for all patients who had a base
line assessment and at least one assessment during randomized 
treatment, using an intention-to-treat analysis. For the two pri
mary outcome measures we report data from baseline and each 
visit over the six months. The last observation from a scheduled 
protocol visit is carried forward as the endpoint for patients on 
whom no data are available at month 6. Data for secondary mea
sures are reported at baseline and at endpoint. The analysis of 
safety data included all patients who had received at least one 
dose of study medication. 

The data were analysed using the SAS software package.28 

The analyses runs were conducted by the Biometrics Section of 
DuPont Merck Pharmaceuticals at Wilmington, Delaware. The 
CGI data were dichotomized as improved / not improved and 
compared between treatments using Fisher's exact test. Ninety-
five per cent confidence intervals were calculated for the per
centage of patients improved / not improved in each group. 
Differences between treatment groups in change from baseline 
for all other efficacy data were analysed using an analysis of 
covariance model, with site and treatment effects and covariate 
adjustments for age, sex and baseline MMSE score. Safety data 
were analysed using chi-square for categorical data, and t-test 
for continuous data. The critical probability of Type I error was 
set at p 0.05. Given that the sample was not designed to detect 
differences in the groups before treatment, tests of the statistical 
significance of differences in the treatment groups at baseline 
are not reported. 

Ethics 

This protocol was approved by the research and ethics com
mittees of the participating sites. Informed consent was obtained 
in each case. 

RESULTS 

There were no important differences in demographic and 
clinical characteristics at baseline between the two groups 
(Table 1). Figure 1 reports assignments and withdrawals by 
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treatment status. In total, 20 of the placebo patients (10.5%, 
including 7 who withdrew during the placebo lead-in period) 
and 61 of the linopirdine patients (31.6%) discontinued prior to 
completing the six months of randomized treatment (p 0.05). 
The most common reason for discontinuation of treatment was 
the occurrence of an adverse event, as detailed below. 

Table 1: Summary of demographic and clinical characteristics of the 
sample at baseline, by treatment status. 

Variable 

Mean age ± s.d. 

n (%) Caucasian 

n (%) Female 

n (%) Right-handed 

n (%) Living alone 

Mean years education ± s.d. 

Mean MMSE score ± s.d. 

Mean Hachinski Index ± s.d. 

% Borderline dementia 

% Mild dementia 

% Moderate dementia 

% Severe dementia 

Placebo n = 189 

71.5 ±7.9 

186 (98) 

100 (53) 

178 (94) 

15(8) 

11.2 ±3.6 

19.6 ±3.1 

1.1 ±0.9 

4(2.1%) 

82 (43.6%) 

101 (53.7%) 

1 (0.5%) 

Linopirdine n = 193 

71.7 ±7.6 

189 (98) 

115 (60) 

192 (99) 

13(7) 

11.1 ±3.8 

19.4 ±3.1 

1.1 ± 1.0 

3(1.6%) 

83 (43.0%) 

104 (53.9%) 

3 (1.6%) 

Screened Eligible of randomization n = 382 

\i 
Placebo n = 193 

Placebo lead-ir 

* 4-

discontinued = 2 baseline = 187 

* 

discontinued = 4 4 

3 month efficacy measures 

\i \ 

discontinued = 3 

tf 4 

discontinued = 1 

4 

6 month efficacy measures 

* 
Linopirdine 

4 

period (14 days) 

4-

baseline = 188 

4 

n = 184 

* 

discontinued = 5 

* 

discontinued = 43 

3 month efficacy measures 

4 

4-

4-

* 

discontinued = 3 

* 

discontinued = 10 

6 month efficacy measures 

Figure 1: Summary of randomization and withdrawals. 

Figure 2 reports the distribution of clinically important 
change, according to the global clinical impression, at each visit 
and at the endpoint. As can be seen, the proportion of patients 
with some degree of improvement was initially similar in both 
the treatment and control groups, but declined at six months. It 
is of note that comparatively few patients deteriorated. 

Figure 3 presents the ADAS-Cog data over the course of the 
study. The ADAS-Cog detected significant improvement from 
baseline to three months of treatment, and also demonstrated 
decline in the placebo group at six months. 

Table 2 summarizes the mean values of the secondary mea
sures. The total ADAS score resembled the ADAS-Cog scores. 
The ADAS Non-cog, SKT, IADL, DBDS and MMSE scores 
deteriorated in both groups. 

Adverse clinical events occurred in 63% of placebo patients 
and 65% of patients treated with linopirdine. New-onset adverse 
clinical events deemed to be treatment-related occurred in 68 
(36%) of patients treated with placebo and 77 (41%) of patients 
receiving linopirdine. The only adverse clinical event occurring 
significantly more often in linopirdine patients than in those 
receiving placebo was elevations of the liver function tests. 
Overall, 47.3% of linopirdine patients but only 4.8% of placebo 
patients had at least one alanine transferase (ALT) elevation 
above the normal range (p 0.05). Elevation of ALT more than 
three times the upper limit of normal was seen in 37 (19.9%) of 
patients receiving linopirdine, but only 2 (1.6%) of controls. 
Elevated ALT levels were detected within two months of the 
first dose in 27 (73%) of patients who had increases more than 
three times normal. The mean length of dosing until onset of a 
three times elevation was 51.4 days. The mean duration of ele
vation was 25.8 days. No patient had persistently elevated liver 
enzymes, but 24 discontinued treatment due to ALT elevations. 
The reasons for early termination are summarized in Table 3. 

DISCUSSION 

This study failed to detect a consistent, clinically meaningful 
difference between patients with mild to moderate Alzheimer's 
disease treated with linopirdine and those receiving placebo. 
There were nevertheless trends favouring treatment in one of the 
primary outcome measures (the ADAS-Cog) which reached sta
tistical significance by the end of the trial. Is this "negative" trial 
due to an inefficacious compound, or due to methodologic prob
lems in detecting treatment effects in Alheimer's disease? 

Many important methodologic controversies arose during the 

too (• 
90 

80 

70 
%of 60 
Patients M 
Improved 

30 

20 

10 

0 

n= Plac 
30mg 

P=0.804 P=0.601 P=0.686 

Month 1 Month 2 Month 3 
184 180 174 
179 162 154 

| • Placebo 

P=1.000 

Month 4 
171 
146 

P=0.427 P= 1.000 

Month 5 Month 6 

P=0.558 

Endpoint 
170 167 187 
137 132 185 

D Linopirdine | 

Figure 2: Proportion of patients improved, according to the Clinical Global Impression. 
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Figure 3: Mean ADAS-Cog scores, by treatment group. 

Table 2: Summary of mean (± S.E.M.) values for the secondary outcome measures at baseline and at end-
point, by treatment status. 

Baseline 

Placebo Linopirdine 
n = 187 n = 183 

Endpoint 

Placebo Linopirdine 
n = 187 n=183 

ADAS Non-Cognitive Test 

ADAS Total score 

Syndrome Short Test (SKT) 

Instrumental Activities of Daily Living 

Dementia Behaviour Disturbance Scale 

* Probability of difference in linopirdine versus placebo < 0.05 

2.4 

±2.6 

22.8 

±9.5 

38.5 

±6.3 

19.8 

±5.1 

14.7 

±9.7 

2.3 

±2.6 

22.6 

±10.0 

37.8 

±6.7 

19.1 

±5.2 

14.3 

±9.6 

3.4 ± 0.9 3.0 ± 0.8 

25.4 ± 2.6 23.2 ± 0.7* 

40.8 ± 2.4 39.5 ± 1.5 

21.2 ±1.4 20.1 ±1.0 

15.7 ± 1.1 14.9 ± 0.6 

Table 3: Summary of 

by treatment status. 

early terminations from the 

Reason for early termination 

Adverse clinical event 

Liver function test 

Other 

Concurrent illness 

Administrative 
Withdrew consent 

Other ** 

Placebo 
n = 183 
4 (2%) 

0--
4 (2%) 

2 (1%) 

1(1%) 
7 (4%) 

6 (3%) 

study, after baseline, 

Linopirdine 
n = 187 
41 (21%)* 

24 (12%)* 

17(9) 
2 (1%) 

1(1%) 
8 (4%) 

9 (5%) 

* Probability of difference between linopirdine and placebo < 0.05. 
** Other reasons include behavioural problems (9) and loss of caregiver (3). 

course of this trial which, designed in 1991, was carried out at a 
comparatively early stage of testing of anti-dementia com
pounds. The most important controversy was that of the choice 
of outcome measures. As described elsewhere, then, as now, the 
regulatory fashion was to use two primary outcome measures: 
one a global clinical assessment, the other, an objective, perfor
mance-based cognitive test.29,30 The rationale for the use of these 

two measures is to ensure that clinically trivial but statistically 
significant differences in cognitive test performance not provide 
the basis of regulatory approval for anti-dementia compounds. 
This reflects concern about the relevance of cognitive test per
formance to the patient's quality of life. 

For many reasons, this concern appears to be well founded,29"32 

but the solution - an untutored and unstandardized global clinical 
measure - may not be. The arguments for and against the use of 
global measures have been dealt with in more detail else
where.29,31 However refined such theoretical arguments may 
become, they would benefit from data about test performance.33 

Of note, the trends seen in the ADAS-Cog, SKT and IADL pro
vide evidence for convergent construct validation: i.e., all the 
measures changed in the same way, suggesting that the ADAS-
Cog result is valid. Given that the sample size was large enough to 
detect small changes, the current study is likely to represent a sta
ble estimate of the effect size of linopirdine at six months. 

Almost one-third of the treatment group withdrew over the 
course of the trial, compared with only 10.5% of those receiving 
a placebo. None of the patients in the placebo group, but 24/187 
treated withdrew due to elevated (> 3 times normal) transaminase 
levels. This level of withdrawal is somewhat less than in the 
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tacrine studies, in which 25% have had ALT concentration more 
than three times the upper limit of normal,34 although this has 
varied between studies.5"10 Apart from its importance as a safety 
outcome, this finding potentially threatens the internal validity of 
the study. We found no important differences, however, between 
those withdrawing from the two groups, so that the initial equiva
lence of the groups appears to have still obtained at six months. 
In any event, the last-observation-carried-forward method is one 
safeguard against differential withdrawal effects. 

Are there circumstances under which the compound might be 
more effective? On the face of it, the data do not support an 
extension of the time frame of the study, because there was 
decline in functioning in both groups. On the other hand, less 
than half the patients deteriorated. Whether the placebo effect 
can be maintained beyond six months is not clear, but our expe
rience suggests that longer antidementia trials are more likely to 
give insight into clinical effectiveness. There may be a false 
dichotomy between "neuroenhancing" and "neuroprotective" 
drugs, suggesting that trials of either type should be carried out 
long enough for differential rates of worsening to be detected. 

Finding even modest evidence of benefit gives rise to the 
question of "responders" and "non-responders" to a drug. The 
sample was stratified to include a mildly demented and a moder
ately demented group. This subgroup analysis showed a some
what more favourable drug effect in those with moderate 
impairment, but no clear-cut differences in response emerged 
across all measures. An analysis restricted to patients who com
pleted the six months of the trial failed to detect significant dif
ferences between the groups. 

Stratification of dementia severity was done according to the 
MMSE score. The use of the MMSE score to define inclusion and 
exclusion and exclusion criteria is controversial. Two questions 
arise: is the MMSE score a sensitive and specific marker of 
dementia, and; does the score vary by dementia severity? The 
answer to the first question is clear: the measurement properties of 
the MMSE vary with the level of education of the subject.35"41 

Thus the use of 24 as an upper level beyond which subjects should 
be excluded as not having dementia is clearly unacceptable, as it 
will exclude more highly educated subjects with dementia. This is 
reflected in the trials in which the C5R has subsequently partici
pated, none of which have used 24 as an upper cut-point. 

The relationship between the total MMSE score and dementia 
severity seems to be somewhat less influenced by education. A 
post-hoc cluster analysis, using Ward's minimum variance tech
nique to identify clusters,42 was performed using the baseline 
MMSE, ADAS-Cog, ADAS-Noncog, and CGI scores, as well as 
age and sex. This identified a group with more severe disease, as 
measured by the ADAS-Cog, ADAS-Noncog, SKT and DBDS. 
Of the 103 patients in this cluster, 94% had been randomized in 
the moderate strata, suggested that the 18/19 cutpoint on the 
MMSE was useful in distinguishing between mild and moderate 
impairment. Nevertheless, as evidenced in Table 1, a few patients 
with scores within this range had more than moderate (i.e., 
"severe") or less than mild (i.e., "borderline") dementia, as 
assessed by the clinical impression of disease severity. 

Although this was a Phase III trial, the proportion of patients 
seen at the clinics of the participating centres who could actually 
be enrolled in the trial was quite small, and varied between 10-
20% of the subjects screened. This problem is not limited to 
anti-dementia drug trials, but particularly reflects the practical 

difficulties of doing trials in older patients, who are more likely 
to have comorbid disease. The demonstration of efficacy is not 
likely to be independent of the inclusion and exclusion criteria. 
A more "pure" sample will be more likely to demonstrate effi
cacy, but it will also be less representative of patients with 
Alzheimer's disease. In consequence, we believe that there is 
merit in holding these trials to a high standard. 
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