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ABSTRACT 

Background: Parallel with the development of hypotheses regarding choliner- 
gic involvement in geriatric memory dysfunction, the first attempts to treat pa- 
tients with Alzheimer's disease (AD) involved the cholinergic-precursor loading 
approach. Despite encouraging early results, well-controlled clinical trials did not 
confirm a clinical utility of cholinergic precursors such as choline and lecithin 
(phosphatidylcholine) in AD. 

Objective: This study assessed the efficacy and tolerability of the cholinergic 
precursor choline alfoscerate (CA) in the treatment of cognitive impairment due 
to mild to moderate AD. 

Methods: In this multicenter, double-blind, randomized, placebo-controlled 
trial, patients affected by mild to moderate dementia of the Alzheimer type were 
treated with CA (400-rag capsules) or placebo capsules, 3 times daily, for 180 
days. Efficacy outcome measures that were assessed at the beginning of the in- 
vestigation and after 90 and 180 days of treatment included scores of the 
Alzheimer's Disease Assessment Scale-Cognitive Subscale (ADAS-Cog), the Mini- 
Mental State Examination TM (MMSE), the Global Deterioration Scale (GDS), the 
Alzheimer's Disease Assessment Scale-Behavioral Subscale (ADAS-Behav), all 
items of the Alzheimer's Disease Assessment Scale (ADAS-Total), and the Clinical 
Global Impression (CGI) scale. The Global Improvement Scale (GIS) score was 
assessed after 90 and ]80 days of treatment. 
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Results: A total of 261 patients (132 in the CA group, 129 in the placebo 
group) were enrolled in the study. The mean (SD) age in the CA group was 72.2 
(7.5) years (range, 60-80 years), and in the placebo group it was 71.7 (7.4) years 
(range, 60-80 years). The CA group comprised 105 women and 27 men; the 
placebo group, 94 women and 35 men. The mean decrease in ADAS-Cog score 
in patients treated with CA was 2.42 points after 90 days of treatment and 3.20 
points at the end of the study (day 180) (P < 0.001 vs baseline for both), whereas 
in patients receiving placebo the mean increase in ADAS-Cog score was 0.36 
point <1 after 90 days of treatment and 2.90 points after 180 days of treatment 
(P < 0.001 vs baseline). In the CA group, all other assessed parameters (MMSE, 
GDS, ADAS-Behav, ADAS-Total, and CGI) consistently improved after 90 and 180 
days versus baseline, whereas in the placebo group they remained unchanged or 
worsened. Statistically significant differences were observed between treatments 
after 90 and 180 days in ADAS-Cog, MMSE, GDS, ADAS-Total, and CGI scores 
and after 180 days of treatment in ADAS-Behav and GIS scores. 

Conclusion: The results of this study suggest the clinical usefulness and tolerability 
of CA in the treatment of the cognitive symptoms of dementia disorders of the 
Akheimer type. (Clin Ther. 2003;25:178-193) Copyright @ 2003 Excerpta Medica, Inc. 

Key words: Alzheimer's disease, cognitive impairment, choline alfoscerate, clin- 
ical trial. 

I N T R O D U C T I O N  
A range of disorders involving brain metabolism, regional blood supply, and neu- 
rotransmitter availability occur in the later decades of adult life. These changes are 
characterized clinically by impaired motor function, memory, and ability to learn. L 
Problems with memory and learning represent a main trait of Alzheimer's disease 
(AD), the most common adult-onset cognitive disorder. 2 Age is the main risk fac- 
tor for AD. The incidence of AD is estimated to be from 1% to 4% in the popu- 
lation aged 65 to 70 years and is >20% in the population aged 85 to 90 years. 

From a neuropathologic point of view, AD is characterized by brain atrophy ac- 
companied by neuronal loss primarily in cerebrocortical areas involved in learn- 
ing and memory functions and by hallmarks such as neurofibrillary tangles, beta- 
amyloid plaques, and amyloid angiopathy. 4 

AD represents a major public health problem) In addition to severe disabil- 
ities in patients and the emotional burden on family members, the societal costs 
of AD are substantial, and the impact of the disease is expected to increase sig- 
nificantly in the future. 5 

Deficits in several neurotransmitter systems in various brain regions have been 
reported in AD, but the cerebrocortical cholinergic system and the somatostatin- 
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containing neuronal systems are the most affected. A primary trait of AD is the 
degeneration of basal forebrain cholinergic neurons, which causes a remarkable 
deficit of avenues of cortical cholinergic neurotransmission, such as acetylcholine 
(ACh) synthesis, release, and uptake, and choline acetyltransferase and acetyl- 
cholinesterase (ACHE) activities. 6,7 

Observations of the loss of cholinergic function in the neocortex and hip- 
pocampus of AD patients provided the rationale for developing cholinergic re- 
placement therapy. 1 Among the possible approaches to enhance impaired cere- 
brocortical cholinergic neurotransmission,  inhibit ion of endogenous ACh 
degradation through inhibition of AChE or of cholinesterase (ChE) and precur- 
sor loading have been the most largely investigated in clinical trials. 8,9 The ratio- 
nale for the use of AChE or ChE inhibitors in the treatment of patients with adult- 
onset dementia disorders is their capability to increase the synaptic availability of 
ACh by retarding its catabolism. 8,9 Treatment with these inhibitors is an impor- 
tant step in the treatment of AD. However, a retrospective analysis 8 of the avail- 
able clinical trials of these drugs did not confirm a significant benefit in all 4 key 
symptom domains of AD--cognition, behavioral disturbances, activities of daily 
living, and global function. 

Parallel with the development of hypotheses regarding cholinergic involvement 
in geriatric memory dysfunction, 1 and based on the positive results obtained with 
the administration of a neurotransmitter precursor (L-dopa) in the treatment of 
Parkinson's disease, the first attempts to treat patients with AD involved the 
cholinergic-precursor loading approach. Despite encouraging early results ob- 
tained in a double-blind, placebo-controlled study, 1° well-controlled clinical trials 
did not confirm a clinical utility of cholinergic precursors such as choline and 
lecithin (phosphatidylcholine) in AD.11 A problem with these precursors is that 
they are probably not suitable to enhance brain levels of ACh. 12 

Choline alfoscerate (L-alpha-glycerylphosphorylcholine; CA) is a semisynthetic 
derivative of phosphatidylcholine that, in preclinical studies, has been shown to 
increase the release of ACh in rat hippocampus 13 and to facilitate learning and 
memory, 14 improve cognitive deficit in experimental models of the aging brain, 15 
and reverse mnemonic deficits induced by scopolamine administration. 14 Clini- 
cal studies to assess the efficacy of CA in dementia disorders have been reviewed 
in an independent,  nonsponsored review 16 that included 1570 patients, 854 in 
controlled trials. Clinical results obtained with CA, as measured with relevant, 
different psychometric tests, were superior or equivalent to those observed in 
control groups receiving active treatment and were superior to the results ob- 
served in placebo groups. The clinical efficacy of CA, as assessed mainly with use 
of the Sandoz Clinical Assessment-Geriatric scale, lr was superior to that dis- 
played by other choline donors such as cytidine diphosphocholine in cognitive 
impairment occurring in vascular dementia. ~8-2° 
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The current multicenter, double-blind, randomized, placebo-controlled clinical 
trial was undertaken to assess the efficacy and tolerability of the cholinergic pre- 
cursor CA in the treatment of cognitive impairment due to mild to moderate AD. 

PATIENTS A N D  M E T H O D S  

Patients 
Outpatients with a history of cognitive decline that was consistent with the di- 

agnosis of degenerative mild to moderate Alzheimer's dementia, gradual in onset 
and progressive, were examined. Inclusion criteria were age <80 years; clinical 
history of progressive impairment from 60 to 80 years of age; diagnosis of prob- 
able or possible AD according to the Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition 21 and National Institute of Neurological and Commu- 
nicative Disorders and Stroke/Alzheimer's Disease and Related Disorders Associa- 
tion criteria22; Mini-Mental State Examination TM2s (MMSE) score between 12 and 
26 (indicating cognitive impairment); Modified Hachinski Score 24 (M-HIS) <4 
(consistent with degenerative dementia);  Hamilton Rating Scale for Depres- 
sion 25,26 (HAM-D) score <22 (indicating absence of depressive illness); school ed- 
ucation of at least 5 years; good general clinical conditions as assessed using clin- 
ical history, clinical/neurologic examinations, and laboratory tests; and a cerebral 
computed tomography scan performed in the previous 6 months showing com- 
patible atrophy or no abnormalities. Exclusion criteria were concomitant neuro- 
logic disorders; severe anemia (hemoglobin <9 g/dL); history of nutritional defi- 
ciency; deficiency of B vitamins or folates (serum vitamin B~2 concentration < 199 
pg/mL; serum folate concentration <3 ng/dL); psychiatric disorders, including 
primary depression; systemic diseases (eg, cancer, acquired immunodeficiency 
syndrome, organ failure [heart, liver, kidney, lung]); clinical signs of endocrine 
abnormalities; stroke in the previous 6 months; alcoholism or drug addiction; 
treatment (concomitant or in the previous 30 days) with neuroleptic agents (ex- 
cluding thioridazine), antidepressants, nootropics, any other cognitive enhancer, 
or alpha-methyldopa; and treatment (concomitant or in the previous 3 months) 
with reserpine or clonidine. Use of insulin, angiotensin-converting enzyme (ACE) 
inhibitors, calcium entry blockers (other than nimodipine), and coronary vaso- 
dilators was allowed, provided the treatment had been stable for >3 months be- 
fore the beginning of the study. 

Study Design 
The study was a double-blind, randomized, placebo-controlled clinical trial 

carried out in 5 centers in Mexico and was conducted in accordance with the 
Good Clinical Practice guidelines, the Declaration of Helsinki and its Amend- 
ments, and local and international regulatory requirements, and with the ap- 
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proval of the Mexican Board of Health and of each centerg ethics committees. All 
enrolled patients provided written informed consent to participate. 

Before undergoing treatment, patients underwent a screening examination that 
included assessment of general and neurologic history, physical and neurologic 
examinations (including administration of the M-HIS and HAM-D), and admin- 
istration of the following psychometric or behavioral tests: the Alzheimer's 
Disease Assessment Scale2r-Cognitive Subscale (ADAS-Cog), the MMSE, the Glob- 
al Deterioration Scale 28 (GDS), and the Alzheimerg Disease Assessment Scale- 
Behavioral Subscale (ADAS-Behav), all items on the Alzheimer's Disease Assess- 
ment Scale (ADAS-Total), and the Clinical Global Impression (CGI) scale. 29 

Patients were randomized to receive CA or placebo. Randomization was done in 
blocks of 4 patients, and allocation to the active-treatment or the placebo group 
was done according to tables of random numbers. The test medications were CA 
capsules* 400 mg per unit dose or placebo capsules that were identical in ap- 
pearance. In all patients, capsules were given orally 3 times a day for 180 days; 
patients received 1 capsule in the morning, 1 at lunch, and 1 before dinner. 

Placebo was chosen as the reference treatment because, at the time the study 
was designed (1995), no reference drug (including ChE inhibitors) was ade- 
quately documented as being active in the treatment of dementia. 

Treatment efficacy was assessed after 90 and 180 days of treatment. The pri- 
mary study efficacy end point was a slowing of cognitive decline, as measured 
with the ADAS-Cog score; a difference versus placebo of at least 2.20 points at 
the end of the study period was considered to be clinically relevant. Secondary 
end points were improvements in scores on the MMSE, GD5, ADAS-Behav, 
ADAS-Total, and CGI scale. Global Improvement Scale (GI5) score was assessed 
after 90 and 180 days of treatment. 

During the course of the study, efficacy assessments generally were performed 
by the same investigator under the same conditions. 

Tolerability assessments throughout the study comprised monthly physical ex- 
aminations and monitoring for adverse events (AEs). 

In a post hoc analysis, a criterion to count patients who were responsive to 
treatment was introduced. In this complementary assessment of drug efficacy, pa- 
tients who had an improvement of at least 4 points on the ADAS-Cog at the end 
of treatment were considered responders, and patients with an improvement of at 
least 7 points in the same subscale were considered complete responders) °,31 

Statistical Analysis 
Statistical analyses were carried out using SAS version 6.12 (SAS Institute, Inc., 

Cary, North Carolina). Sample size was calculated to detect a mean difference in 

*Trademark: Gliatilin ® (ltalfarmaco SpA, Milan, Italy). 
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ADAS-Cog score of 2.20 points between the CA and placebo groups at the end of 
treatment, on the basis that this result was obtained in a trial with a ChE inhibitor) 2 
The SD of this difference was estimated to be 6.0 points) 2 It was calculated that a 
sample size of 95 patients per group was required to detect a significant dif- 
ference between the 2 groups, assuming 1-tailed ot = 0.05 and g = 0.20, with a po- 
tency of 80%. Considering a dropout rate of -10%, it was estimated that at 
least 190 patients (that is, 95 + 95) + 10% = 209 patients would have to be 
enrolled. 

Baseline demographic variables, risk factors, and relevant clinical variables were 
summarized descriptively to characterize the study population. Efficacy data were 
fitted with a proper mixed linear model with treatment, visit, and treatment x visit 
interaction as fixed effects, and a nonparametric covariance matrix (unstructured) 
as nuisance parameters) 3 Statistical hypotheses for primary and secondary effi- 
cacy end points were tested using mixed-model estimates of the following con- 
trasts on treatment x visit interaction: 

Placebo versus CA x 90 days versus baseline 
Placebo versus CA x 180 days versus baseline 

The estimates of later contrast are considered the primary study results. 

RESULTS 
A total of 261 patients (132 in the CA group, 129 in the placebo group) were en- 
rolled in the study. The CA group comprised 105 women and 27 men; the mean 
(SD) age was 72.2 (7.5) years (range, 60-80 years), the mean (SD) height was 
154.9 (9.3) cm (range, 132-182 cm), and the mean (SD) body weight was 63 
(11.2) kg (range, 37-97 kg). Most of the patients in the CA group were Hispanic 
(n = 129 [97.7%]), and the remaining patients were black (1 [0.8%]), Asian (1 
[0.8%]), or of a nonspecified race (1 [0.8%]). The placebo group comprised 94 
women and 35 men; the mean (SD) age was 71.7 (7.4) years (range, 60-80 
years), the mean (SD) height was 155.8 (8.8) cm (range, 139-176 cm), and the 
mean (SD) body weight was 63.2 (11.2) kg (range, 43-89 kg). Most of the pa- 
tients in the placebo group were Hispanic (n = 126 [97.7%]), and the remaining 
patients were black (1 [0.8%]), Asian (1 [0.8%]), or of a nonspecified race 
(1 [0.8%1). 

Twenty-three concomitant diseases were recorded in 20 (15.2%) patients of the 
CA group: metabolic (7 [35%]); musculoskeletal (6 [30%}); respiratory (4 [20%[); 
cardiovascular (2 [10%]); central nervous system (CNS; 2 [10%]); ear, nose, and 
throat (ENT; 1 [5%]); and peripheral vascular (1 [5%]) disease. Twenty-nine con- 
comitant diseases were recorded in 23 (17.8%) patients of the placebo group: 
musculoskeletal (10 [43.5%]); metabolic (4 [17.4%]); respiratory (4 [17.4%]); 
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CNS (4 [17.4%]); cardiovascular (3 [13.0%]); gastrointestinal (2 [8.7%]); ENT (1 
[4.3%]); and whole-body (1 [4.3%]) disease. No concomitant disease constituted 
a violation of any of the inclusion criteria of the study protocol. 

Forty-three (16.5%) patients were receiving 67 concomitant medications at 
baseline or at any of the study visits, 20 (15.2%) patients in the CA group were 
receiving 1 or more of 32 medicinal products, and 23 (17.8%) patients in the 
placebo group were receiving 1 or more of 35 medicinal products. These prod- 
ucts were nonsteroidal anti-inflammatory drugs in 27 (10.3%) patients (14 
[10.6%] in the CA group, 13 [10.1%] in the placebo group), antibiotics in 9 
(3.4%) patients (5 [3.8%] m the CA group, 4 [3.1%] in the placebo group), oral 
antihypoglycemic agents in 10 (3.8%) patients (7 [5.3%] in the CA group, 3 
[2.3%] in the placebo group), ACE inhibitors in 4 (1.5%) patients (2 [1.5%] in 
the CA group, 2 [1.6%] in the placebo group), ranitidine in 2 (0.8%) patients 
(both [1.6%] in the placebo group), and other permitted medications in 15 
(5.7%) patients (4 [3.0%] in the CA group, 11 [8.5%] in the placebo group). 

A total of 229 (87.7%) patients (115 [87.1%] in the CA group, 114 [88.4%] 
in the placebo group) completed the study, whereas 32 (12.3%) patients were 
withdrawn because of protocol violations (30 [ 11.5%] patients; 16 [ 12.1%] in the 
CA group, 14 [10.9%] in the placebo group) or because they were lost to follow- 
up (2 [0.8%] patients; 1 [0.8%] in the CA group and 1 [0.8%] in the placebo 
group). Most of the protocol violations (15 [11.4%] in the CA group, 14 [10.9%] 
in the placebo group) were school education <5 years. 

All 261 (100.0%) enrolled patients were considered for intent-to-treat (ITT) 
analysis, and 229 (87.7%) were considered for per-protocol (PP) analysis (ADAS- 
Cog score only). 

The baseline values of the neuropsychological tests (ADAS-Cog, MMSE, GDS, 
ADAS-Behav, ADAS-Total, and CGI) were similar between treatment groups, and 
no statistically significant differences between groups were observed for these psy- 
chometric assessments carried out at baseline (ITT analysis except PP and ITT 
analyses for the ADAS-Cog). 

Primary Efficacy End Paint: ADAS-Cog Score 
The table and figure (A) show that, in the CA group, the raw mean of the 

ADAS-Cog score decreased after 90 days versus baseline and that this decrease 
continued during the 180 days of the study, whereas in the placebo group, an in- 
crease in ADAS-Cog score was found after both 90 and 180 days. 

The mean decrease from baseline in the ADAS-Cog score in patients treated 
with CA (in both ITT and PP populations) after 90 days of treatment was 2.42 
points (P < 0.001 vs baseline), whereas at the end of the study it was 3.20 points 
(P < 0.001 vs baseline). In the patients given placebo, the mean increase in 
ADAS-Cog score was 0.36 point after 90 days of treatment and 2.90 points after 
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Table. Efficacy end points. (Values are expressed as mean [SD] points.) 

Choline Alfoscerate Group Placebo Group 
Instrument (n = 132) (n = 129) 

ADAS-Cog ~ 

Baseline 35.52 (6.59) 36174 (7127) 
90 days 33. I 0T< (6.86) 37,10 (6.66) 

180 days 32.32t~ (8.19) 39.64 ~ (7.47) 

MMSE§ 

Baseline 18.19 (3,38) 17.62 (3.43) 

90 days 21.37~ (4.17) 17.62 (3,60) 
180 days 24.52t~ (3.82) 17.12 (4,04) 

GDSII 

Baseline 3,73 (0.62) 3.72 (0.65) 

90 days 3.23t~ (0,63) 3.75 (0,70) 

180 days 2.78t~ (0.76) 3.91 ¶ (0.78) 

ADAS-Behav # 

Baseline 19.62 (5.49) 18.37 (6.43) 

90 days 18.12"* (3.3 t) 17.93 (5.46) 

180 days 17.37~$ (2.07) 19,79¶ (6.5 I) 

ADAS-Total t t  

Baseline 55, 14 (9.3 I) 55.12 (I 0.92) 

90 days 51.22t~ (9.00) 55.03 (9,64) 

180 days 49.6845 (9.17) 59.43~ (I 1.93) 

CGIIIII 

Baseline 3.92 (0.65) 3.77 (0.62) 

90 days 3.39t$ (0.58) 3.74 (0.63) 

180 days 2.90 t~ (0.66) 3.93 ¶ (0.69) 

ADAS-Cog -- Alzheimer's Disease Assessment Scale-Cognitive Subscale; MMSE = Mini-Mental State Examina- 
tionTM; GDS = Global Deterioration Scale; ADAS-Behav -- ADAS-Behavioral Subscale; ADAS-Total - ~fll items 
of the ADAS; CGI = Clinical Global Impression scale. 
*Scores range from 0 to 70, with higher scores indicating more severe impairment. 
Ip < 0,001 versus baseline. 
SP < 0.001 versus placebo (intent-to-treat [ITT] analysis except per-protocol and 147- analyses for ADAS~Cog). 
§A score >24 indicates probable cognitive impairment. A score > 17 indicates definite cognitive impairment. 
IIScale: I = no cognitive decline', 2 -- very mild cognitive decline; 3 = mild cognitive decline; 4 = moderate cognitive 
decline; 5 = moderately severe cognitive decline; 6 -- severe cognitive decline; 7 = very severe cogn~ive decline. 

¶P < 0,05 versus baseline. 
#Scores range from 0 to 99, with higher scores indicating more severe impairment. 
**P < 0.002 versus baseline. 
ttScores range from 0 to 169, with higher scores indicating more severe impairment. 
$$P < 0.002 versus placebo. 
IIIIScale: I -- very much improved; 2 = much improved; 3 = slightly improved; 4 = unchanged; 5 - slightly worsel 

6 -- much worse; 7 -- very much worse. 
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Figure. Mean changes (SEM) from baseline to day 90 and to the end of treatment (day 
180) in the 2 treatment groups. (A) The Alzheimer's Disease Assessment 
Scale-Cognitive Subscale (ADAS-Cog); (B) Mini-Mental State Examination TM 

(MMSE). 
(continued) 
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Figure. (Continued) (C) Global Deterioration Scale (GDS); (D) Clinical Global Impres- 
sion (CGI) scale. *P < 0.001 versus baseline, tp < 0.001 versus placebo. *P < 0.05 
versus baseline. (Intent-to-treat [ITT] analysis except per-protocol and ITT analy- 
ses for ADAS-Cog.) See table for definitions of scales/points. 
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180 days of treatment (P < 0.001 vs baseline). A statistically significant difference 
between treatments was observed after both 90 and 180 days of treat- 
ment (P < 0.001). According to these results, the primary end point of this study 
(ie, to slow cognitive decline enough for a mean difference in ADAS-Cog score 
of at least 2.20 points between the 2 groups at the end of treatment) was 
reached. 

Sixty-one (46.2%) patients in the CA group and 13 (10.1%) patients in the 
placebo group were considered to be responders (P < 0.001), with an improve- 
ment of at least 4 points on the ADAS-Cog scale at the end of treatment, whereas 
47 of the responders in the CA group (35.6% of all patients in this group) and 5 
of the responders in the placebo group (3.9% of all patients in this group) were 
considered to be complete responders (P < 0.001), with an improvement in score 
of at least 7 points. 

Secondary Efficacy End Points: Psychometric Assessments 
The table shows the raw mean and SD of the psychometric assessments and 

details the results from the mixed linear model analysis for differences within and 
between treatments in the ITT population. 

The MMSE score improved by 3.18 points after 90 days and by 6.33 points af- 
ter 180 days versus baseline in the CA group (P < 0.001 for both), whereas in 
the placebo group it was unchanged at day 90 and had decreased by 0.50 point 
after 180 days of treatment (Figure [B]). The between-group differences reached 
statistical significance at both 90 and 180 days (P < 0.001 for both). 

In the CA group, the GDS score improved by 0.50 point and 0.95 point after 
90 and 180 days, respectively, versus baseline (P < 0.001 for both), whereas in 
the placebo group the increases were 0.03 point after 90 days and 0.19 point af- 
ter 180 days of treatment (P < 0.05 for 180 days vs baseline) (Figure [C]). The 
between-group differences reached statistical significance at both 90 and 180 days 
(P < 0.001 for both). 

In the CA group, the ADAS-Behav score improved by 1.50 points after 90 days 
and by 2.25 points after 180 days versus baseline (P < 0.002 and P < 0.001, re- 
spectively), whereas in the placebo group a decrease of 0.44 point occurred after 
90 days of treatment and an increase of 1.42 points occurred at the end of 
the study period (P < 0.05 for 180 days vs baseline). The between-group differ- 
ences reached statistical significance at 180 days (P < 0.001). 

The ADAS-Total score improved by 3.92 points after 90 days and by 5.46 af- 
ter 180 days versus baseline in the CA group (P < 0.001 for both), whereas in 
the placebo group a decrease of 0.09 point was found at day 90 and an increase 
of 4.31 points was found after 180 days of treatment (P < 0.001 for 180 days vs 
baseline). The between-group differences reached statistical significance at both 
90 and 180 days (P < 0.002 and P < 0.001, respectively). 
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The CGI score improved by 0.53 point after 90 days and by 1.02 points after 
180 days versus baseline in the CA group (P < 0.001 for both), whereas in the 
placebo group a decrease of 0.03 point was found after 90 days and an increase 
of 0.16 point was found after 180 days of treatment (P < 0.05 for 180 days vs 
baseline) (Figure [D1). The between-group differences reached statistical signifi- 
cance at both 90 and 180 days (P < 0.001 for both). 

Global Improvement Scale Score 
In the CA group, the mean (SD) GIS score was 2.21 (1.01) after 90 days and 

1.90 (1.04) at day 180, with a decrease of 0.31 point after 180 days versus after 
90 days (P < 0.001). In the placebo group, the mean score was 3.93 (0.67) after 
90 days and 4.21 (0.86) after 180 days (P < 0.001). A statistically signifi- 
cant difference between treatments was observed after 180 days of treatment 
(P < 0.001). 

Tolerebility Assessment 
Fifteen drug-related AEs (10 episodes of constipation, 5 episodes of nervous- 

ness) were reported in 11 (8.3%) patients treated with CA; 6 AEs (1 nausea, 1 
dizziness, 1 hostility, 3 headache) were related to treatment in 3 (2.3%) patients 
given placebo (11 vs 3 patients with AEs; P = 0.030). 

In most patients, drug-related AEs were mild, and no patient was withdrawn 
early from the study because of a drug-related AE. 

D I S C U S S I O N  
Our study shows that, compared with placebo, treatment with oral CA signifi- 
cantly improved cognition and global function in our relatively small group of pa- 
tients selected according to the enrollment criteria of the study protocol from the 
population affected with mild to moderate dementia of the Alzheimer type. 

Based on the results of different tests examined, the following points should be 
considered. The ADAS-Cog score, the primary end point of efficacy, showed a sta- 
tistically significant improvement after 90 and 180 days of treatment with CA, 
demonstrating a comprehensive improvement of cognitive measures compared 
with the worsening observed in the placebo group. 

The analysis of patients responding to treatment was implemented only post hoc 
(by classification of each patient according to the improvement observed on this 
scale at the end of treatment) and therefore cannot be acknowledged as a major 
study finding. Nevertheless, this analysis allows us to classify 46.2% of total pa- 
tients in the CA group as responders, and 35.6% as complete responders to treatment. 

Based on published data, mean ADAS-Cog score deteriorates up to 3.5 points 
over a 180-day period in untreated patients. 2r,> In the current study, patients 
treated with CA had a mean improvement in ADAS-Cog score of 3.20 points, 
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compared with a decrease in score of 2.90 points in patients treated with placebo 
for 180 days; this suggests that the response to CA treatment, as assessed using 
the mean ADAS-Cog score, counteracts symptom progression. 

During the first 90 days in this investigation, treatment with CA improved the 
ADAS-Cog score by 2.42 points, a result similar to those obtained with the AChE 
inhibitor donepezil in randomized clinical trials, in which 3-month decreases of 
2.535 and 2.736 points were recorded in treated patients. Moreover, ADAS-Cog re- 
suits obtained in this investigation of CA are superior to those obtained in pub- 
lished trials 3r,38 of the AChE rivastigmine. 

Results of the secondary outcome measures contributed to a better assessment 
of the effects of pharmacologic treatment: MMSE, GDS, ADAS-Behav, and ADAS- 
Total indicated that patient improvement was not only in the cognitive domain 
but also involved behavior and activities of daily living, possibly improving pa- 
tients' and caregivers' quality of life. 

In randomized, controlled trials of CA in patients with dementia disorders, 
treatment with CA for 3 to 6 months improved patient clinical conditions, espe- 
cially regarding memory and attention. 16 

Direct comparison of our results with the clinical results of previous CA trials 16 
is not feasible because in those trials, different scales were used. Also, the results 
of this trial cannot be generalized because the enrollment criteria in our study 
protocol restrict the ability to extrapolate results to the general population of pa- 
tients with AD. However, the results of this study are consistent with and extend 
those of previous trials.]6 Overall, positive clinical results gained with CA may be 
ascribed to both its effects on neurotransmission ]3 and its activity in slowing the 
age-related loss of neuronal cells. 39 Also, in this study, the administered formula- 
tion of CA was well tolerated on the whole. Additional studies are needed to de- 
termine whether enhancement of impaired cholinergic neurotransmission with a 
combination of an effective ACh precursor, such as CA, and AChE inhibitors 
might be an approach to more satisfactory clinical results in controlling the symp- 
toms of AD. 

C O N C L U S I O N  
The results of this study suggest the clinical usefulness and tolerability of CA in 
the treatment of the cognitive symptoms of dementia disorders of the Alzheimer 
type. 

A C K N O W L E D G  I*IE NTS 
Italfarmaco SpA, Milan, Italy, supported the design, conduct, analysis, and pub- 
lication of this study. No conflict of interest is declared by the author. 

The following centers in Mexico participated in the study: Instituto Nacional 
de la Senectud, Mexico City (Maria De Jesus Moreno Moreno, MD, principal in- 

190 



M. Moreno 

vestigator); Hospital San Juan De Aragon, Unidad de Geriatria, Mexico City 
(Ernesto Garcia Herrera, MD); Antiguo Hospital Civil de Guadalajara, Unidad de 
Geriatria, Guadalajara (David Leal Mora, MD); Centro Medico Union, Guadala- 
jara (Fernando Ville Corona, MD); and Hospital Adolfo Lopes Mateos, Mexico 
City (Rosalia Rodriguez, MD). 

R E F E R E N C E S  
1. Bartus RT, Dean RL III, Beer B, Lippa AS. The cholinergic hypothesis of geriatric mem- 

ory dysfunction, Science. 1982;217:408-414. 
2. Larson EB, Kukull WA, Katzman RL. Cognitive impairment: Dementia and Alzheimer's 

disease. Annu Rev Public Health. 1992;13:431-449. 
3. Hofman A, Rocca WA, Brayne C, et al, for the European Prevalence Research Group. 

The prevalence of dementia in Europe: A collaborative study of 1980-1990 findings. 
Int d Epidemiol. 1991;20:736-748. 

4. Blackwood W, Corsellis JAN, eds. Greenfield's Neuropathology. 3rd ed. London: Arnold; 
1976. 

5. Geldmacher DS. Cost-effective recognition and diagnosis of dementia. 5emin Neurol. 
2002;22:63-70. 

6. Perry EK, Tomlinson BE, Blessed G, et al. Correlation of cholinergic abnormalities 
with senile plaques and mental test scores in senile dementia. BMJ. 1978;2:1457-1459. 

7. Perry EK. The cholinergic hypothesis--ten years on. Br Med Bull. 1986;42:63-69. 
8. Giacobini E. From molecular structure to Alzheimer therapy. Jpn d Pharmacol. 

1997;74:225-241. 
9. Giacobini E. Invited review: Cholinesterase inhibitors for Alzheimer's disease therapy: 

From tacrine to future applications. Neurochem Int. 1998;32:413-419. 
10. Brinkman SD, Smith RC, Meyer JS, et al. Lecithin and memory training in suspected 

Alzheimer's disease. J Gerontol. 1982;37:4-9. 
11. Davis E, Emmerling MR, Jaen JC, et al. Therapeutic intervention in dementia. Crit Rev 

Neurobiol. 1993;7:41-83. 
12. Amenta E Parnetti L, Gallai V, Wallin A. Treatment of cognitive dysfunction associ- 

ated with Alzheimer's disease with cholinergic precursors. Ineffective treatments or in- 
appropiate approaches? Mech Ageing Dev. 2001;122:2025-2040. 

13. Sigala S, Imperato A, Rizzonelli P, et al. k-Alpha-glycerylphosphorylcholine antago- 
nizes scopolamine-induced amnesia and enhances hippocampal cholinergic transmis- 
sion in the rat. Eurd Pharmacol. 1992;211:351-358. 

14. Govoni S, Battaini E Lucchi L, et al. Effects of alpha-glycerylphosphorylcholine in 
counteracting drug-induced amnesia: Through cholinergic and non-cholinergic mech- 
anisms [in Italian]. Basi Raz Ter. 1991;21:75-78. 

15. Canonico PL, Nicoletti F, Scapagnini U. Neurochemical and behavioral ef- 
fects of alpha-glycerylphosphorylcholine [in Italian]. Basi Raz Te~ 1990;20: 
53-54. 

191 



CLINICAL THERAPEUTICS ® 

16. Parnetti L, Amenta E Gallai V. Choline alphoscerate in cognitive decline and in acute 
cerebrovascular disease: An analysis of published clinical data. Mech Ageing Dev. 
2001;122:2041-2055. 

17. Venn RD. The Sandoz Clinical Assessment-Geriatric (SCAG) scale. A general-purpose 
psychogeriatric rating scale. Gerontology. 1983;29:185-198. 

18. Di Perri R, Coppola G, Ambrosio LA, et al. A multicentre trial to evaluate the efficacy 
and tolerability of alpha-glycerylphosphorylcholine versus cytosine diphosphocholine 
in patients with vascular dementia. J Int Med Res. 1991;19:330-341. 

19. Frattola L, Piolti R, Bassi S, et al. Multicenter clinical comparison of the effects of 
choline alphoscerate and cytidine diphosphocholine in the treatment of multi-infarct 
dementia. Curt Ther Res Clin Exp. 1991;49:683-693. 

20. Muratorio A, Bonuccelli U, Nuti A, et al. A neurotropic approach to the treatment of 
multi-infarct dementia using L-c~-glycerylphosphorylcholine. Curt Ther Res Clin Exp. 
1992;52:741-75l. 

21. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition. Washington, DC: APA; 1994. 

22. McKhann G, Drachman D, Folstein M, et al. Clinical diagnosis of Alzheimer's disease: 
Report of the NINCDS-ADRDA Work Group under the auspices of Department of Health 
and Human Services Task Force on Alzheimer's Disease. Neurology. 1984;34:939-944. 

23. Folstein ME Folstein SE. "Mini-mental state": A practical method for grading the cog- 
nitive state of patients for the clinician. J Psychiatr Res. 1975; 12:189-198. 

24. Loeb C, Gandolfo C. Diagnostic evaluation of degenerative and vascular dementia. 
Stroke. 1983;14:399-401. 

25. Hamilton M. A rating scale for depression.J Neurol Neurosurg Psychiatry. 1960;23:56-62. 
26. Hamilton M. Development of a rating scale for primary depressive illness. BrJ Soc Clin 

Psych& 1967;6:278-296. 
27. Rosen WG, Mohs RC, Davis KL. A new rating scale for Alzheimer's disease. AmJ Psy- 

chiatry. 1984;141:1356-1364. 
28. Reisberg B, Ferris SH, De Leon MJ, et al. The Global Deterioration Scale for assess- 

ment of primary degenerative dementia. Am J Psychiatry. 1982;139:1136-1139. 
29. National Institute of Mental Health. Clinical global impressions. In: Guy W, ed. ECD- 

EU Assessment for Psychopharmacology. Revised edition. Rockville, Md: National Insti- 
tute of Mental Health; 1976:217-222. 

30. Burns A, Russell E, Page S. New drugs for Alzheimer's disease. Br J Psychiatry. 
1999;174:476-479. 

31. Kumar V, Anand R, Messina J, et al. An efficacy and safety analysis of Exelon in 
Alzheimer's disease patients with concurrent vascular risk factors. Eur J Neurol. 
2000;7:159-169. 

32. Knapp MJ, Knopman DS, Solomon PR, et al, for the Tacrine Study Group. A 30-week 
randomized controlled trial of high-dose tacrine in patients with Alzheimer's disease. 
JAMA. 1994;271:985-991. 

192 



M. Moreno 

33. Lindstrom MJ, Bates DM. Newton-Rapshon algorithms for linear-mixed effects mod- 
els for repeated measure data. J Am Stat Assoc. 1998;83:1014-1022. 

34. Thai LJ, Carta A, Clarke WR, et al. A 1-year multicenter placebo-controlled study of 
acetyl-L-carnitine in patients with Alzheimer's disease. Neurology 1996;47:705-711. 

35. Rogers SL, Friedhoff LT, for the Donepezil Study Group. The efficacy and safety of 
donepezil in patients with Alzheimer's disease: Results of a US multicentre, random- 
ized, double-blind, placebo-controlled trial. Dementia. 1996;7:293-303. 

36. Rogers SL, Doody RS, Mohs RC, Friedhoff LT, for the Donepezil Study Group. 
Donepezil improves cognition and global function in Alzheimer disease: A 15-week, 
double-blind, placebo-controlled study. Arch Intern Med. 1998; 158:1021-1031. 

37. Corey-Bloom J, Anand R, Veach J, for the ENA 713 B352 Study Group. A random- 
ized trial evaluating the efficacy and the safety of ENA 713 (rivastigmine tartrate), a 
new acetylcholinesterase inhibitor, in patients with mild to moderately severe 
Alzheimer's disease. Int J Geriatr Psychopharmacol. 1998;1:55-65. 

38. Rosler M, Anand R, Cicin-Sain A, et al. Efficacy and safety of rivastigmine in patients 
with Alzheimer's disease: International randomised controlled trial. BMJ. 1999;318: 
633-638. 

39. Amenta E Bronzetti E, Del Valle M, Vega JA. Effects of alpha-glycerylphosphoryl- 
choline in neuroanatomy of aging brain in experimental animals [in Italian]. Basi Raz 
Te~: 1990;20:31-38. 

Address correspondence to: Scientific Department, Italfarmaco SpA, via dei 
Lavoratori 54, 20092 Cinisello Balsamo, Milan, Italy. 

193 



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


