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The efficacy and safety of idebenone were studied in a prospective, randomized, double-blind, placebo controlled 
multicentre study in 3 parallel groups of patients with dementia of the Alzheimer type (DAT) of mild to moderate 
degree. Diagnosis was based on DSM-111-R (primary degenerative dementia) and NINCDS-ADRDA criteria 
(probable Alzheimer’s disease). A total of 450 patients were randomized to either placebo (n = 153) or idebenone 
90 mg tid (n = 148) or 120 mg tid ( n  = 149) and treated up to 12 months. The primary endpoint for the evaluation of 
efficacy was at month 6. Data of the month-12 assessments were considered for the evaluation of long-term 
treatment effects. The primary outcome measure was the total score of the Alzheimer’s Disease Assessment Scale 
(ADAS-Total) at month 6. Secondary outcome measures were the ADAS cognitive (ADAS-Cog) and noncognitive 
score (ADAS-Noncog), the clinical global response (CGI-Improvement), the SKT neuropsychological test battery, 
and the Nurses’ Observation Scale for Geriatric Patients (NOSGER-Total and IADL subscale). Safety parameters 
were adverse events, vital signs, ECG and clinical laboratory parameters. Clinical and psychometric evaluations 
were made at  screening, at baseline, and after 1, 3, 6, 9 and 12 months of treatment. After months 6 and 12, 
idebenone showed statistically significant dose-dependent improvement in the primary efficacy variable ADAS-Total 
and in all the secondary efficacy variables. An analysis of therapy responders performed on 3 outcome measures 
(CGI, ADAS-Cog, NOSGER-IADL), selected to represent different levels of assessment, revealed significant dose- 
related superiority of idebenone with respect to placebo in each of the 3 variables and in the concordance of 
responses across the 3 measures. Safety results were inconspicuous on all assessments. The study results confirm the 
efficacy, clinical relevance and safety of idebenone in the long-term treatment of DAT. 
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Idebenone (CV-26 19) is a benzoquinone derivative 
that has already been investigated in various 
clinical studies for its effectiveness in dementing 
diseases. In Japan, idebenone received marketing 
approval in 1986 for the treatment of decreased 
volition, emotional disturbance and speech dis- 
turbance associated with the sequelae of cerebral 
infarction (cerebral haemorrhage, cerebral arterio- 
sclerosis). 

Idebenone improves brain metabolism and 
protects the cell membranes against lipid peroxida- 
tion. Animal studies have shown favourable 
influences of idebenone on memory and learning 
(Nagaoka er al., 1988). Beneficial effects on clinical 
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symptoms of dementia have been reported from a 
number of open clinicai studies in Japan (e.g., 
Otomo et al., 1985; Takeuchi and Miyoshi, 1986). 
In Europe, controlled clinical studies have been 
performed in patients with cerebrovascular disease 
(Dona et al., 1988, 1990), multi-infarct dementia 
(Bergamasco et at., 1992; Marigliano et al., 1992) 
and dementia of the Alzheimer type (DAT) (Senin 
et al., 1992). In these studies idebenone was well 
tolerated in doses up to 60 mg tid. The majority of 
the study results support the effectiveness of 
idebenone in the symptomatic treatment of 
dementia as evidenced by improvement on psycho- 
metric tests and dementia rating scales. The results 
of the earlier studies were corroborated and 
extended by a recently completed double-blind, 
placebo controlled multicentre study in 300 DAT 
patients who were treated with 30 or 90 mg tid 
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idebenone (or placebo) for six months (publication 
in preparation). Evidence for a dose-dependent 
beneficial therapeutic effect and inconspicuous 
safety results encouraged a further clinical trial of 
idebenone in DAT patients with doses of 90 and 
120 mg tid given over an extended period of time 
up to 24 months. 

We report on the month-6 and month-12 results 
of this ongoing double-blind, placebo controlled 
multicentre in study in patients with probable 
Alzheimer’s disease. Efficacy and safety will be 
considered and the clinical relevance of the treat- 
ment effects will be discussed. 

METHODS 

Patient popular ion 
Study participants were inpatients and outpatients 
of both sexes, aged between 40 and 90 years with a 
diagnosis of primary degenerative dementia 
(DSM-III-R, 1987) and a diagnosis of probable 
Alzheimer’s disease according to the criteria of the 
National Institute of Neurological and Commu- 
nicative Disorders and Stroke-Alzheimer’s Disease 
and Related Disorders Association (NINCDS- 
ADRDA; McKhann et af.,  1984). Patients with a 
diagnosis of dementia of vascular or mixed 
(degenerative and vascular) origin were excluded 
as of a score of 5 or more on the Hachinski 
Ischemia Scale (Hachinski et al., 1975). The differ- 
ential diagnosis was further supported by a CT- or 
MRI-scan without evidence of infarction or other 
focal lesions. Patients with a diagnosis of another 
type of dementia as evidenced by clinical or 
neurological examination or laboratory tests 
(including a Venereal Disease Research Labora- 
tories test and evaluations of folic acid, vitamin 
B12 and thyroid hormone levels) were also 
excluded. 

Mild to moderately severe degrees of dementia 
were defined by a score range of 10 to 24 points on 
the Mini Mental State Examination (MMSE; 
Folstein et al., 1975), a score of 9 points or above 
on the SKT neuropsychological test battery 
(Erzigkeit, 1989a) and a total score of at least 20 
points on the Alzheimer’s Disease Assessment 
Scale (ADAS; Rosen et al., 1984). Patients did 
not present other significant medical or psychiatric 
conditions and did not take medications likely to 
affect the central nervous system. 

Each outpatient had a caregiver (close relative or 
professional caretaker) who accompanied the 

patient on all visits, ensured compliance with the 
protocol and served as informant for the patient’s 
daily activities. A nurse provided these services for 
inpatients living in geriatric care facilities. 

Written informed consent was obtained from the 
patient and from the caregiver who agreed to 
monitor the patient’s compliance during the course 
of the study. The study was approved by the 
relevant ethics committee established at the ‘Arzte- 
kammer Berlin’ and conducted according to the 
provisions of the World Medical Association’s 
Declaration of Helsinki (Version, 1989). 

Study design 
The study was performed according to a double- 
blind, randomized, placebo controlled parallel 
group design in 14 study centres throughout 
Germany. Patients were identified at an initial 
screening visit where all the diagnostic procedures 
were performed. The inclusion and exclusion 
criteria were re-examined after a 3 to Cweek 
placebo wash-out phase and thereupon, after 
having carried out baseline measurements, eligible 
patients were randomly assigned to one of three 
treatment groups for a 6-month double-blind, 
three times daily administration of either placebo, 
90 mg idebenone or 120 mg idebenone. Patients 
who completed the 6-month treatment period 
could continue double-blind treatment for another 
18 months, with a change to 90 mg idebenone tid 
after month 12 for patients on placebo. Study 
medications were supplied as film-coated tablets 
containing 90 mg or 120 mg idebenone or matching 
placebo. One tablet each was to be taken after 
breakfast, after lunch and after the evening meals. 

Assessments of efficacy and safety following 
baseline were scheduled after one, three and six 
months and subsequently in 3-month intervals 
during the extended treatment period. 

Outcome measures 
Instruments used for the evaluation of efficacy 
were the ADAS, the SKT, the Nurses’ Observation 
Scale for Geriatric Patients (NOSGER; Spiegel et 
af. ,  1991) and the Clinical Global Impressions 
Scale (CGI; National Institute of Mental Health 
WIMH], 1976). The investigators were trained in 
the use of the rating scales and tests before the 
study began. 

The ADAS evaluates the severity of the majority 
of the cognitive and noncognitive symptoms 
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characteristic of dementia of the Alzheimer type 
(DAT). The cognitive section (ADAS-Cog) 
includes 11 items; eight performance-based test 
items assessing memory, orientation and praxis, 
and three ratings of language impairment. The 
noncognitive section (ADAS-Noncog) consists of 
ten observation- or interview-based ratings of 
mood and behavioural symptoms. Summary scores 
are provided for each of the two sections separately 
and for the total of the 21 items (ADAS-Total). 
Maximum scores marking most severely expressed 
dysfunction are 70, 50 and 120 points on ADAS- 
Cog, -Noncog and -Total, in that order. In this 
study the published German version of the ADAS 
was used (Ihl and Weyer, 1993; Weyer et al., 1992). 
Five equivalent parallel word lists were developed 
for each of the two memory tasks (Word Recall 
and Word Recognition) for the use with repeated 
testing. A standard set of coloured pictures of 
objects instead of real objects was prepared for the 
naming objects task. The German ADAS has been 
validated in dementia patients and normal elderly 
persons (Weyer et al., 1993). 

The SKT consists of nine subtests aiming at the 
assessment of deficits in memory and attention. 
Five parallel versions are available. The maximum 
total score indicating the highest degree of 
cognitive impairment is 27 points. A score of 9 or 
above signifies dementia related cognitive deficits. 
The psychometric properties of the test and its 
validity are documented extensively (e.g., Erzig- 
keit, 1989b; Kim et al., 1993; Overall and Schalten- 
brand, 1992). 

The NOSGER was designed to be used by a 
caregiver, a relative or a nurse, for the assessment 
of a wide range of observable behaviours relevant 
to daily functioning. The 30 items of the NOSGER 
measure memory, instrumental activities of daily 
living (IADL), activities of daily living (ADL), 
mood, social behaviour and disturbing behaviour. 
The maximum score of each of the six subscales is 
25, resulting in a maximum total score of 150 that 
indicates the highest degree of overall dysfunction. 
Results on the validity of the scale have been 
reported by Spiegel et al. (199 1) and Tremmel and 
Spiegel (1 993). 

The CGI serves for the documentation of the 
clinician’s global impressions of (a) severity, (b) 
improvement and (c) therapeutic efficacy consider- 
ing side effects. The rating of improvement, 
ranging from 1 = ‘very much better’ to 7 = ‘very 
much worse’ with the neutral midpoint 4=‘no 
change’, was used in this study to document the 

global clinical response. The two other global 
ratings were documented, however not considered 
in the evaluation of outcome. 

Primary eficacy variable. The ADAS-Total score 
was predefined in the protocol as the primary 
variable in the evaluation of efficacy. 

Secondary eficacy variables. The ADAS-Cog and 
-Noncog scores, the SKT total score, the 
NOSGER total and IADL subscale scores, and 
the CGI ratings were chosen as secondary efficacy 
variables. 

Efficacy assessments were carried out at each 
visit. Changes from baseline to month 6 of double- 
blind treatment were defined per protocol as the 
main efficacy criteria for both the primary and the 
secondary outcome measures. The respective 
changes to month 12 were considered for an inter- 
mediate evaluation of long-term treatment effects. 

Safety evaluation. Safety evaluations included the 
assessment of adverse events with regard to 
frequency, severity, outcome, assumed relationship 
to study medication and clinical laboratory tests 
(haematology, clinical chemistry, and urinalysis) at 
each visit. Complete physical examinations were 
performed in 3-month intervals, 12-lead electro- 
cardiograms at screening and at month 12. 

Statistical analysis 
Study sample size estimation required 100 patients 
in each treatment group in order to detect a 
minimal mean difference between treatments of 4 
points (SD = 9) on ADAS-Total at the 5% level of 
significance (two-sided) with a power of 90%. 

The analyses of efficacy were performed on the 
data of all patients who were randomized to 
treatment, according to an intent-to-treat (ITT) 
principle, with (a) missing data replaced by the last 
available observation (last observation carried 
forward; LOCF) and (b) with the available 
observations only. The data of the ITT sample, 
last observation carried forward, were used for the 
primary confirmatory test of the efficacy hypoth- 
esis. The analysis per protocol (PA) was performed 
on separate sets of data for the month-6 and the 
month- 12 evaluation. Each analysis included data 
for patients who had completed the respective 
treatment period in compliance with the protocol 
as determined by an independent committee prior 
to the release of the random code. 
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The random code was opened for statistical 
analysis by an independent biometrician after 
completion of the 6-month treatment period. The 
random code was not released to investigators or 
patients, so treatment was continued under double- 
blind conditions. 

The primary variable was analysed by two-way 
analysis of variance (ANOVA) with treatment and 
centre as main effect terms and differences from 
baseline to the endpoints at month 6 and at month 
12 as dependent variables. Dose-response relation- 
ships for all secondary efficacy parameters were 
evaluated by means of regression analysis. Non- 
parametric techniques including Spearman’s rank 
correlation coefficient and Cochran-Mantel- 
Haenszel Chi square methodology were used with 
categorical data and if the quasicontinuous data 
were not normally distributed. 

In order to demonstrate the clinical relevance of 
statistically significant treatment effects (as 
revealed by group-statistical methods), a multi- 
dimensional analysis of therapy responder rates 
was performed, following recent recommendations 
of expert committees and regulatory bodies for the 
evaluation of efficacy of potential antidementia 
drugs (CPMP, 1992; Kanowski et al., 1990; Kern 
and Menges, 1992). Responders were identified 
according to their improvement in three target 
measures representing different levels of assess- 
ment. CGI-Improvement, ADAS-Cog and NOS- 
GER-IADL were chosen to reflect (a) the overall 
clinical response, (b) an improvement in cognition 
and (c) an improvement in behaviour closely 
connected with activities of daily living. 

Criteria for relevant improvement on ADAS- 
Cog and NOSGER-IADL were derived from pre- 
treatment data of the study (screening and 
baseiine) using estimates of test-retest reliability 
for the definition of critical cut-off scores for 
intraindividual changes (dcfit-values; Lienert, 1967) 
with a two-tailed 5% level of confidence. This 
psychometric approach takes the precision of the 
measurements into account for the definition of 
minimally detectable individual changes (Weyer, 
1992; Pantev et al., 1993). Only changes exceeding 
the critical differences in the favourable direction 
were accepted as relevant changes indicating a 
therapeutic response, those falling below this limit 
were considered as measurement error due to the 
limitations of the measurement instrument. 
Global ratings of change in the patient’s condition 
signifying any degree of improvement as noticed 
by the clinician according to the CGI (‘little 

better’ to ‘very much better’) were considered as 
relevant. 

Responder rates were determined for each of the 
three target variables separately and conjointly to 
assess the degree of agreement between the 
improvement ratings on different levels of assess- 
ment. Cochran-Mantel-Haenszel Chi square 
methodology was used to evaluate differences 
between treatments with respect to responder rates. 

RESULTS 

Patient groups and study centres 
A total of 450 patients (154 men, 296 women) 
entered the study, were randomized to double- 
blind treatment (153 on placebo, 148 on 90 mg tid 
idebenone and 149 on 120 mg tid idebenone) and 
treated for up to 12 months. The characteristics of 
these patients at baseline, including tests results, 
are summarised in Table 1. The treatment groups 
were comparable with respect to all their major 
characteristics at study entrance. 

Thirty-seven patients discontinued treatment 
before month 6, another 35 patients discontinued 
between month 6 and month 12. Eight patients 
died. Other reasons for premature termination 
included: hospitalisation, intercurrent diseases, 
prohibited concomitant medication, adverse 
events, withdrawal of consent, lack of compliance 
and other protocol violations. Data from 414 
patients were available for the evaluation of efficacy 
on an intention-to-treat basis at month 6, data from 
379 patients remained available at month 12. The 
analyses per protocol were performed on reduced 
samples of 319 patients at month 6, and of 296 
patients at month 12. Apart from discontinuation, 
patients were excluded from the analyses per 
protocol for one or more of the following reasons: 
violation of inclusion or exclusion criteria, lack of 
compliance with medication or visit schedule and 
exclusion of study centre. The study entry char- 
acteristics of the per protocol sample were similar 
to those of the intention-to-treat sample. 

The 14 centres involved in this study varied with 
respect to the number of patients included (30 to 60 
patients per centre were required in the protocol). 
The largest centre included 59 patients, the two 
smallest only 7 patients each. The patients of the 
two smallest centres were excluded from the 
analysis per protocol. These two centres were 
pooled with the two next smallest centres (12 and 
1 1 patients) for the intention-to-treat analysis. 
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Table 1. Patient characteristics and baseline test results per treatment group (intent-to-treat sample) 
Mean values f SD (range) 

Placebo 90 rng 120 mg Total 
n =  153 n =  148 n= 149 N = 450 

Patient characteristics 
Male: No ('YO) 54 (35) 
Female: NO (%) 
Age (Y) 

HIS 
(0- 18) 
MMSE 
(0-30)' 
CGI-Severity 
(1 -7) 

99 (65) 
68.9 f 11-4 

(42-90) 
2.8 f 0.9 

(0-4) 
16-8 f 3-5 

(8-28) 
5.2 f 0-4 

(5-7) 

42 (28) 
106 (72) 

70.3f11.6 
(40-89) 
2-7 f 0.9 

(0-4) 
16.6 f 3.3 
(10-24) 
5-2 f 0.5 

(5-7) 

58 (39) 
91 (61) 

70-4 f 1 1.9 
(40-89) 
2.8 f0-9 

(0-4) 
17-1 +3*4 

(10-24) 
5.1 f 0-4 

(5-7) 

154 (34) 
296 (66) 

69.9 +_ 11.6 
(40-90) 
2-8 f 0.9 

(0-4) 
16-8 f 3.4 
( 8-28) 
5.2 f0.4 

(5-7) 
Baseline test results (efficacy variables) 
ADAS-To tal 47.8 -+ 15.3 48.2f 14-1 44.9 f 13.8 47.0f 14-5 
(0- 10)2 (1 7- 89) (21-78) (13-88) (13-89) 
ADAS-Cog 34.3 f 9.3 35.2 f 9-4 32.7 f 8.2 34.1 f 9.0 
(0-70) (13-60) (15-60) (1 3- 54) (13-60) 
ADAS-Noncog 13.5 f 7.3 13.0 f 6.5 12-2 f 6.7 12.9 f 6.9 
(0-50) (2-30) (3-31) (0-34) (0-34) 
SKT 18.3f5.1 19.2f4.8 17.8 f 4.6 18.4 f 4.9 
(0-27)3 (2-27) (9-27) (7-27) (2-27) 

77.4 f 18.9 74.3 f 19.5 76.8 f 19.0 NOSGER 78-6 + 18.3 
(5- 150) (43-107) (43- 107) (43-107) (43-107) 
NOSGER-IADL 15.4 f 5.0 15.1 k4.9 14.9 f 4.7 15-2 f 4.8 
(1 -25) (6-22) (6-22) (6-22) (6-22) 
Note: Numbers in parentheses below scale indicate potential score range. 
Patients who did not fulfill inclusion criteria were included in the I?T analysis only: ' MMSE inclusion range: 10-24; Three patients in the placebo group outside. 

ADAS-Total inclusion criterion: 220; Two patients in the placebo group and one patient in the 120 mg group below. 
SKT inclusion criterion: 2 9 ;  Three patients in the placebo group and two patients in the 120 mg group below. 

A significant centre effect and a centre-by- 
treatment interaction became apparent from the 
analyses of the primary efficacy parameter ADAS- 
Total. Exploratory analyses suggested that this was 
mainly due to differences between centres in the 
degree of severity of the patient admitted to the 
study. 

Eficacy 
Primary eficacy outcome. The confirmatory analy- 
sis using an intent-to-treat, last observation carried 
forward approach revealed a statistically significant 
dose-related improvement on ADAS-Total for 
patients treated for six months with idebenone in 
comparison to placebo (Table 2). Similar statistic- 
ally significant results were obtained at month 12, 
and with the analysis of all available observations 
(last observation not carried forward) as well as 

with the analysis per protocol. The treatment effects 
in favour of idebenone were even more pronounced 
after 12 months treatment, and when evaluated on 
the basis of the smaller sample sizes: Placebo- 
corrected mean improvement scores on ADAS- 
Total of patients treated with 120 mg tid idebenone 
ranged between 2.8 points at month 6 (intent-to- 
treat analysis, last observation carried forward) and 
5.1 and 5.0 points at month 12 (intent-to-treat, 
available observations and per protocol samples, in 
that order). The mean difference scores to baseline 
on ADAS-Total, shown in Figure 1 suggest that 
improvement continues up to month 12 with 
120 mg tid idebenone whereas a cessation of 
improvement is apparent at month 6 with the 
90 mg tid dose and at month 3 with placebo. 

Secondary outcome measures. The intent-to- 
treat analyses (available observations only) for 
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Table 2. Primary efficacy parameter ADAS-Total Mean changes from baseline to month 6 and month 12 

Month 6 Month 12 

n M SD n M SD 
Intent-to-treat analysis (last observation carried forward) 

Placebo 153 - 5.6 8.2 153 -4.9 8.5 
90 mg 148 - 7.2 7.4 148 -7.1 8.6 
120 mg 1 49 - 8.4 8.1 149 - 8-8 9.5 

p = 0.0027 p = 0.000 1 

Intent-to-treat analysis (nonmissing observations) 

Placebo 140 - 6-0 8.4 128 - 5.2 8.9 

120 mg 139 - 9-2 7-3 126 - 10.3 8.7 
90 mg 135 - 7.8 7.5 125 - 7.6 8.8 

p = 0.0006 p = 0.0000 
Per protocol analysis 

~~~~~ ~ 

Placebo 103 - 5-3 7.5 95 - 5.5 7-7 
90 mg 110 -8.1 7.4 104 - 7.9 9.1 
120 mg 106 -9.1 7.5 97 - 10.5 8-4 

p = 0.000 1 p = 0~0000 
Note: p values for overall treatment effects from two-way ANOVA (treatment and center). All pairwise treatment comparisons 
significant at Q = 0.05 (two-sided). 

secondary outcome measures revealed statistically 
significant dose-related treatment effects (descrip- 
tive p values for dose-trend) in favour of idebenone 
for all parameters at month 6 as well as at month 
12 (Table 3). Comparable results were obtained by 

ADAS sum score, means 2 SEM 
Difference to baseline. LOCF 

+ Placebo 

-2 

4 

-7 Irn -8 

-10 a- 
-ll! , I , ,  , , , , , : ,  , I 

4 0 1 2  3 4 5 6 7 6 9101112 
Months 

Figure 1. Primary Efficacy Parameter ADAS-Total. Mean 
Differences ( f SEW,  Intent-to-Treat Sample (last observation 
camed forward). Placebo tid n = 153, 90 mg tid Idebenone: 
n = 148, 120 mg tid Idebenone: n = 149 

the analysis per protocol and by the last observa- 
tion carried forward approach, where the analysis 
per protocol was somewhat more sensitive to 
differences between treatments than the analysis 
with the last observations carried forward. The 
course of improvement over time for the secondary 
efficacy parameters, as illustrated in Figure 2, 
generally supports a dose-response relationship 
developing with ongoing treatment. This is most 
clearly seen in the measures of cognitive function 
ADAS-Cog and SKT. The mean difference in 

Table 3. Secondary efficacy parameters. Descriptive p 
values for dose-response relationship (intent-to-treat 
sample) 

Month 16 Month 12 
ADAS-Cog 0400 O*OOO 
AD AS-Noncog 0.035 0.016 
SKT 0.012 0*000 
NOSGER' 0.003 0-OOO 
NOSGER-IADL 0.047 0.003 
CGI-Improvemen t 0.OOo 0.000 
~ ~~ 

Note: p values (one-sided) for dose-trend from analysis of 
regression. ' nonparametric p value (one-sided) for dose-trend on median- 
dichotomized data. 
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ADAS cognitive score, means 2 SEM 
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I Legend 1 
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CGI Global Improvement, means f SEM 
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3.8 

3.8 
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ADAS non-coonitive score. means f SEM 
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NOSGER sum score, medians 
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SKT sum score, means c SEM 
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Figure 2. Secondary Efficacy Parameters. Mean Differences from Baseline. Mean improvement ratings relative to baseline are 
shown for the CGI 

improvement on ADAS-Cog between patients 
treated with 120 mg tid idebenone and placebo- 
treated patients was 2.5 points at month 6 (1.4 
points for the 90 mg tid group) and increased to 4.0 
points at month 12 (2.5 points for the 90 mg tid 

Expforarory analyses. Exploratory analyses of 
treatment differences at each visit showed that 
statistically significant differentiated treatment 
effects, based on tests for dose-trend, became 
apparent in primary and secondary efficacy vari- 
ables between months 6 and 12. 

The examination of single items of the ADAS at 
month 6 showed a significant (p<0.05) dose- 

group). 

related response in favour of idebenone for 
language comprehension, spoken language, word 
finding, word recall, following commands, and 
naming items and for motor activity and unco- 
operativeness. At month 12, idebenone improved 
orientation, drawing, word recognition, pacing and 
concentration. Similar improvements for the sub- 
tests of the SKT were found with idebenone in four 
from nine tests at month 6, and in six from nine at 
month 12. Scores on instrumental activities of daily 
living (IADL) and social behaviour, subscales of 
the NOSGER, were improved by idebenone at 
month 6, and memory and mood contributed 
additionally to the differences between treatments 
at month 12. 
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The analysis of subgroups of patients classified 
for severity of dementia according to their MMSE 
score at baseline (mild: 2 18, moderate: d 17) 
showed that seventy was a predictor of placebo 
response and hence for differentiated treatment 
effects as well. Table 4 presents mean changes 
from baseline to month 6 and month 12 and 
placebo-corrected differences in ADAS-Cog, 
NOSGER-IADL and CGI-Improvement (the 
variables selected also for the responder analysis) 
for the mild and the moderate group. The 
response to placebo treatment was greater in the 
mild group as compared to the moderate group in 
each of the three outcome measures at both 
assessments, with a tendency to diminish with 
ongoing treatment. The effects of active treatment 
were partly masked in the mild group by the 
placebo response, especially at month 6, while 
superiority of idebenone was clearly visible in the 
moderare group in each of the variables at months 
6 and 12. 

Responder analysis. The coefficients of pre-treat- 
ment test-retest reliability were rtt = 0.934 for 
ADAS-Cog and rtt = 0.977 for NOSGER-IADL. 
The exact values for the critical differences dctit(o.05) 
were 6.388 and 1.984 for ADAS-Cog and NOS- 
GER-IADL, respectively. These values were 
rounded conservatively to 7 points for ADAS- 
Cog and 2 points for NOSGER because the scales 
differentiate in whole integers only. Accordingly, 
patients were classified as ‘responders’ if their 
reduction in score was equal to or greater than the 
critical difference. All global judgements of an 
overall improvement were considered as relevant. 
Hence, ‘responders’ according to the CGI were 
patients for whom improvement of any degree was 
recognised. Table 5 shows the responder rates after 
six and 12 months treatment. The responder rates 
determined by the CGI-Improvement scale were 
high, amounting to more than 60% in the placebo 
group and more than 87% in the idebenone 120 mg 
tid group. For the two more differentiated scales, 
responder rates ranged roughly between about 
one-third of the patients in the placebo group to 
about one-half of the patients in the idebenone 
120 mg tid group. Statistical comparisons of 
responder rates favoured idebenone at month 6 
as well as at month 12. The difference between 
treatments was most pronounced for CGI-Im- 
provement (27.5%, 120 mg tid idebenone vs. 
placebo at month 6) even though there was a high 
‘responder’ rate in the placebo group, and least 
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Table 5. Responder rates for relevant improvement on three levels of assessment. Number of responders vs. total 
number of patients and percent of responders (intent-to-treat sample) 

Response in Placebo 90 mg 120 mg p value 

Rate YO Rate % Rate % 

ADAS-Cog (at least -7 points) 
-Month 6 431 140 30.7 541135 40.0 741 139 53.2 04002 
-Month 12 421128 32.8 571125 45.6 731 126 57.9 0~0001 

NOSGER-IADL (at least -2 points) 
-Month 6 391 139 28.1 861135 36.3 571139 41.0 0.0239 
-Month 12 47,428 36.7 521125 41.6 611126 48-4 0.0596 

CGI-Improvement (‘little’ to ‘very much’) 
-Month 6 851141 60.3 951135 70.4 122/139 87.8 0-0000 
-Month 12 81/128 63.3 911124 73.4 1101126 87.3 O.oo00 

Note: Descriptive p values for treatment differences from Mantel-Haenszel Chi-square test. 

Table 6. Responders of different degree as evaluated by the number of concordant improvements across three levels 
of assessment (intent-to-treat sample) 

Response in Placebo 90 mg 120 mg p value 

Freq. % Freq. % Freq. YO 

Month 6 

no variable 52 36.9 33 24.4 14 10.1 
one variable 36 25.5 34 25.2 41 29.5 
two variables 37 26.2 47 34-8 53 38.1 
three Variables 16 11.3 21 15.6 31 22-3 0~0000 
Month 12 
no variable 41 32.0 26 20.8 12 9.5 
one variable 34 26-6 27 21.5 30 23.5 
two variables 28 21.9 46 36-8 41 32.5 
three variables 25 19.5 26 20.8 43 34- 1 0~0000 
Note: For criteria of response, see Table 5. 
Descriptive p values for treatment differences from Mantel-Haenszel Chi-square test. 

obvious for the IADL scale (11.7%, 120 mg tid 
idebenone vs. placebo at month 12). 

The frequency of patients showing relevant 
improvements across all three levels of assessment 
(Table 6) was generally low, ranging between 34% 
for idebonene 120 mg tid at month 12 and 11 % for 
placebo at month 6. The reverse order of frequen- 
cies was seen for patients who did not show 
improvement in any of the variables: about 37% 
for placebo at month 6 and 9.5% for idebenone 
120 mg tid at month 12. At the month-6 evalua- 
tion, relevant improvement in at least one variable 
was noted for 63% (month 12: 68%) of the patients 
on placebo, for 76% (month 12: 79%) on 90 mg tid 
idebenone and for 90% (month 12: 92%) on 

120 mg tid idebenone illustrating a dose-related 
differentiation in favour of idebenone. 

Safety 
Adverse events were reported from 212 patients; 75 
on placebo, 62 on idebenone 90 mg tid and 75 on 
idebenone 120 mg tid. The total number of adverse 
events during the 12-month double-blind treat- 
ment period was 697, of which 232 occurred in the 
placebo group, 214 in the 90 g tid idebenone group 
and 251 in the 120 mg tid idebenone group. The 
most frequently reported symptoms were bron- 
chitis, influenza-like symptoms, dizziness and sleep 
disorder, all without relevant differences between 
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treatments. A drug-related reaction was suspected 
for symptoms reported from 7 patients in the 
placebo group, 5 patients in the 90 mg and 10 
patients in the 120 mg tid group. Among the most 
frequently reported possibly or probably drug- 
related symptoms were dizziness, psychomotor 
restlessness and sleep disturbances. 

Twenty-one serious adverse event were reported 
during the 12-month treatment period (5  under 
placebo, 9 under 90 mg tid idebenone and 7 under 
120 mg tid idebenone). Twenty-six (36%) out of a 
total of 72 patients who terminated study partici- 
pation prematurely (total drop-out rate: 16%) 
discontinued treatment due to adverse events 
(including patients who died and patients who 
were hospitalised due to a serious adverse event), 8 
of whom while being treated with placebo, 9 on 
90 mg tid idebenone and 9 during treatment with 
120 mg tid idebenone. Eight patients died after 
randomisation to treatment (1 in the placebo 
group, 3 in the 90 mg and 4 in the 120 mg 
idebenone group). The deaths were judged as not 
related to the study medication. One patient died 
during the screening period before randomisation. 

Physical examinations including measurements 
of vital signs, neurological examinations and 
standard clinical laboratory tests including liver 
function tests did not reveal any relevant differ- 
ences between treatment groups or systematic 
changes over time. 

DISCUSSION 
The results of this study demonstrate the efficacy of 
idebenone in patients with Alzheimer type demen- 
tia. This was shown by significant dose-related 
improvement following idebenone in the primary 
outcome measure ADAS-Total after both six and 
12 months treatment. As the ADAS comprehen- 
sively assesses the major symptoms of dementia 
presented by Alzheimer patients, improvement 
shown with the help of this scale can be considered 
a valid demonstration of an ‘antidementia’ effect. 
Results for the secondary outcome measures 
support the primary result and provide evidence 
for the efficacy of idebenone on different levels of 
assessment: The clinician’s global rating of 
improvement on the CGI, improvement on the 
cognitive part of the ADAS and on the cognitive 
performance test SKT showed a statistically 
significant dose-related advantage for idebenone 
as compared to placebo at 6 and 12 months. 
Additional treatment differences favouring 

idebenone were apparent in the caregiver’s ratings 
of everyday behaviour on the NOSGER and in 
noncognitive symptoms as assessed with ADAS- 
Noncog. Thus, efficacy of idebenone was demon- 
strated by improvement in measures of clinical 
global response, cognitive function, and everyday 
behaviour. 

Although evidence of efficacy is given by 
statistically significant differences between treat- 
ments in measures validly linked to the dementia 
syndrome, the question of clinical relevance of the 
observed effects remains to be answered. The 
magnitude of the drug effect, the evaluation of 
benefit in relation to risk and available therapeutic 
alternatives have to be considered here. 

Patients who were treated in compliance with the 
protocol with 120 mg tid idebenone showed at 
month 6 a mean improvement in the primary 
outcome measure ADAS-Total of 9.1 points 
compared with a mean improvement of 5.3 points 
for patients treated with placebo (cf. Table 2, per 
protocol analysis) resulting in a placebo-corrected 
effect size of 3.8 points. The respective figures after 
12 months of treatment are 5.5 points for placebo, 
10.5 points for idebenone and 5 points for placebo- 
corrected improvement. 

First, a comment on the placebo response 
seems appropriate here. Positive responses to 
placebo treatment as observed in this study have 
also been reported from other European drug 
studies in dementia. Hermann and Stephan (1991) 
found a ‘placebo effect’ in four studies of 
nootropics and concluded that this phenomenon 
was due to the personal care and attention given 
to a patient included in a drug trial. The placebo 
effect decreases with increasing severity of the 
disease while the drug effect becomes more 
prominent (cf. Table 4). However, the outcome 
of the present study has to be considered in the 
light of the fact that many patients were only 
modestly impaired. 

The mean placebo-corrected effect size of 3.8 
points improvement on ADAS-Total at month 6 
and 5 points at month 12 can be compared to the 
expected change in untreated patients. If the 
expected change on the ADAS-Total is estimated 
to be a decline of about 7 points per year (Kramer- 
Ginsberg et al., 1988), the mean score of the patient 
group treated for 12 months with 120 mg tid 
idebenone was 12 points better than the expected 
mean without treatment. This would be equivalent 
to a reversal of the progression of the disease of 
more than one and a half years and the effect size at 



IDEBENONE IN ALZHEIMER’S DISEASE 63 

month 6 would be equivalent to a one-year reversal 
of progression. 

The average month-6 effect of 120 mg tid 
idebenone on ADAS-Total appears similar to that 
of a 3-month treatment with 80 mg/d tacrine which 
has been reported to be 3.8 points on ADAS-Total 
for patients who completed treatment per protocol 
(Farlow et al., 1992). The positive results of the 
tacrine study were confined to the outcome 
measures ADAS and CGI whereas in this study, 
the effect of idebenone was found to be broader in 
scope, including also measures related to non- 
cognitive symptoms (ADAS-Noncog) and to the 
patients’ everyday behaviour (NOSGER). A com- 
parative study would be needed to draw a firm 
conclusion about equivalence or differences in the 
efficacy profiles of the two drugs. 

We have considered mean treatment effects so 
far, however, as the degree of the response varies 
considerably between patients, the enumeration of 
a mean effect size is of little value for the prediction 
of therapeutic outcome in an individual patient. 
The identification of therapy responders is there- 
fore of crucial importance for establishing the link 
between statistical significance and clinical rele- 
vance. To overcome arbitrariness in the definition 
of threshold values for ‘responders’, we have 
estimated the critical limits for reliably detectable 
individual changes in ADAS-Cog and in the 
NOSGER subscale IADL from the pre-treatment 
data of the study. The resulting threshold values 
(7 points for ADAS-Cog and 2 points for 
NOSGER-IADL) appear quite demanding, especi- 
ally for ADAS-Cog, however they reflect the 
amount of change that is necessary to distinguish 
an actual response (with 95% confidence) from 
variation due to measurement error. Any global 
judgement of improvement (CGI) was considered 
relevant as it reflects changes that were perceived 
by a clinician without the help of a specific 
instrument. A larger percentage of responders 
were found in the idebenone treatment groups 
with respect to placebo treatment in each of the 
three variables and in the concordance of responses 
across the three measures at both 6 and 12 months. 

The responder rates on the ADAS-Cog can be 
compared on the basis of published results to those 
for tacrine. A 7-point improvement in ADAS-Cog 
has been reported for 27% of the patients treated 
for three months with 80 mg/d tacrine (Farlow et 
al., 1992). A 7-point or greater improvement in a 
study of 160 mg tacrine for 30 weeks (Knapp et al., 
1994) was observed in 11.5% of patients respond- 

ing to treatment with respect to placebo. In the 
present study, a 7-point improvement was 
observed at month 6 in 53% of the patients treated 
with 120 mg tid idebenone as compared to 31 % of 
the placebo-treated patients, resulting in a verum- 
placebo difference of 23% (all percentages 
rounded). At month 12 the verum-placebo differ- 
ence was 25%. Although there are differences in 
the treatment regimens it is evident that the 
treatment effect of idebenone is quite comparable 
to that of tacrine. 

The study results related to safety did not reveal 
any relevant differences between the active and 
placebo treatments or indeed any systematic 
changes over time, either in the frequency of 
adverse events or in the laboratory evaluations or 
vital signs. The low number of patients who 
discontinued treatment during the 12-month 
period (16%) and even more important, the 
proportion of withdrawals due to adverse events 
(36%) support the good tolerability of idebenone 
in the 12-month treatment of DAT patients. The 
low drop-out rates and the low incidence of drug- 
related adverse events compare well with the 
considerably higher rates reported from clinical 
trials with tacrine, amounting to 58% drop-outs, 
among them 74% due to adverse events (Knapp et 
al., 1994). 

In conclusion, the results of this study show a 
clear antidementia activity of idebenone in patients 
with Alzheimer’s disease. Evidence for this comes 
from the dose-related improvement in outcome 
measures which are validly related to core 
presentations of the dementia syndrome. These 
effects have been shown on the basis of mean 
differences between treatments in improvement 
scores as well as on the basis of the number of 
responders to treatment. Generally, treatment 
effects of idebenone became apparent after six 
months of treatment, remained stable during the 
following 6-month treatment period or even tended 
to increase and to become more widespread in 
scope. The late onset and the slowly increasing 
response suggest that idebenone exerts its beneficial 
therapeutic effects on the course of the disease by 
slowing down its progression, whereas fast symp- 
tomatic improvement should not be expected. 
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