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Endpoints for trials in Alzheimer’s disease: a European task 
force consensus
Bruno Vellas, Sandrine Andrieu, Cristina Sampaio, Nicola Coley, Gordon Wilcock, for the European Task Force Group*

Harmful consequences in health status caused by disease are referred to as outcomes, and in clinical studies the 
measures of these outcomes are called endpoints. A major challenge when deciding on endpoints is to represent the 
outcomes of interest accurately, and the accuracy of such representation is assessed through validation. Complex 
diseases like Alzheimer’s disease have many diff erent and interdependent outcomes. We present a consensus for 
endpoints to be used in clinical trials in Alzheimer’s disease, agreed by a European task force under the auspices of 
the European Alzheimer Disease Consortium. We suggest suitable endpoints for primary and secondary prevention 
trials, for symptomatic and disease-modifying trials in very early, mild, and moderate Alzheimer’s disease, and for 
trials in severe Alzheimer’s disease. A clear and consensual defi nition of endpoints is crucial for the success of 
further clinical trials in the fi eld and will allow comparison of data across studies.

Introduction
Endpoints are used to measure disease outcomes in 
clinical studies, and the selection of endpoints that 
represent the outcomes of interest accurately is a major 
challenge. Defi nition of the primary outcome is probably 
the most important decision in the design of a clinical 
trial. The size and type of population to be targeted, the 
clinical relevance of the drug therapy, the rationale for its 
use in clinical practice, and cost-eff ectiveness all depend 
on the primary outcome. 

Outcomes for trials in Alzheimer’s disease (AD) are still 
subject to discussion, partly because patients are 
increasingly being diagnosed during the earliest stages of 
the disease.1 For example, the cognitive subscale of the AD 
assessment scale (ADAS-cog), traditionally thought of as 
the standard primary cognitive outcome for symptomatic 
trials, is probably not appropriate for trials in very early 
AD. Likewise, subjective measures of global improvement, 
which have long been recommended by regulatory 
agencies, are diffi  cult to assess in trials of 18 months or 
longer, and are probably not suitable in such studies. 
Clinical assessment methods should also be reconsidered 
because many trials now add a new treatment to an 
existing standard-of-care regimen, so characteristics of 
patients are likely to diff er from those in previous trials.

The most suitable outcomes should therefore be 
redefi ned on the basis of better knowledge of AD, in light 
of its well characterised stages, the large number of trials 
in development, and the negative results from some 
recent trials.2 These results sometimes contrast with 
positive eff ects in animal models,3 which could mean 
that the trial methods are at fault or that eff ects in a 
subgroup of patients are being missed.

Because the AD phenotype is complex, a single type of 
measurement is unlikely to capture adequately all the 
domains of the disease in its diff erent stages.4 The 
solution is to use more than one measurement in a 
particular context and to attempt an integrated 
interpretation of the results. Once a set of measurements 
is obtained, it must be assigned a meaning in terms of 
relevance to the patient’s life and daily living abilities.

In this Review, we provide critical analysis of the 
endpoints that are judged to be valid and have already 
been used in clinical studies to evaluate outcomes at 
diff erent stages of AD. We also present recommend-
ations from an international task force on outcomes, 
which follows on from our task force on disease-
modifying trials.5 We do not make recommendations 
about the specifi c development of new endpoints, 
although we do mention the need for such development 
where appropriate.

Methods
Under the auspices of the European Alzheimer Disease 
Consortium (EADC), a network of excellence in the 
fi eld of AD fi nanced by the European Commission (5th 
FP QLAM 2001-00003), the organising committee (SA, 
CS, BV, and GW) set up a task force to propose a 
European consensus on endpoints for trials in AD. Task 
force members were chosen for their academic, 
regulatory, or pharmaceutical experience. The task force 
included researchers from the USA in addition to 
Europe because many research and development 
departments in the pharmaceutical industry are based 
in the USA. The organising committee asked selected 
members of the task force to write a comprehensive 
review of biological, neuroimaging, cognitive, and non-
cognitive assessment methods for trials in patients with 
AD. The resulting 12 papers4,6–16 were circulated to all 
members of the task force at the end of March, 2007, 
before the meeting in Lisbon, Portugal, in April, 2007. 
Each member was also asked to list the main questions 
that he or she thought should be answered at the 
meeting. Of the topics that were suggested, the 
organising committee selected three to be discussed: 
outcomes for prevention trials; outcomes for trials in 
very mild to moderate AD; and outcomes for trials in 
severe AD. At the meeting, after general presentations, 
thematic groups met to discuss the specifi c responses. 
Recommendations were presented to the task force for 
general discussion, and here we present the conclusions 
that were reached with respect to these topics. The 
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outcome measures used in previous trials are listed 
according to the type of trial, together with a critique of 
the strengths and limitations of individual primary 
outcomes in each context. 

Primary prevention trials
Prevention is currently a major issue in AD, and it will 
continue to be so until there is a cure. Preventive 
strategies have the potential to decrease the incidence of 
AD substantially.17,18 Primary prevention trials in AD19–36 
are relatively new (table 1), and the most widely used 
outcomes have been developed on the basis of experience 
from other contexts and expert judgment. Usually, 
primary prevention trials for dementia involve 
participants thought to be at greater than average risk of 
dementia, such as people who are elderly (minimum age 

60–75 years)19,20,24,38 or have another defi ned risk factor (eg, 
memory complaints or family history of AD).19,39 Frailty 
(eg, walking speed) and cognitive decline have also been 
linked to AD,40 and in future frailty might be used to 
enrich study populations. Patients who meet prespecifi ed 
criteria for dementia are excluded from primary 
prevention trials, and the nature of the intervention must 
also be taken into account when the age and type of target 
population is defi ned (eg, frail, healthy, old, very old, or 
the general adult population). There are two possible 
primary outcomes for preventive trials: conversion to 
dementia or cognitive decline.

Conversion to the clinical stage of cognitive impairment
Several large primary prevention trials have measured 
dementia or incidence of AD as a primary objective.19–24,38 

Intervention* Duration Primary outcomes Criteria and measurements Selected other outcomes Results 

Vellas and 
co-workers 
(GuidAge)19

Ginkgo biloba extract 
(240 mg) 

5 years AD incidence† DSM-IV, NINCDS-ADRDA, NINDS-AIREN Cognitive decline, functional 
decline, falls, one-leg balance

Not yet available

DeKosky and 
co-workers 
(GEM)20

Ginkgo biloba extract 
(240 mg)

5 years Dementia 
incidence†

DSM-IV Cognitive decline, functional 
decline 

Not yet available

ADAPT research 
group (ADAPT)21

Naproxen (220 mg 
twice a day) or celecoxib 
(200 mg twice a day)

5 years AD incidence† DSM-IV, NINCDS-ADRDA Cognitive decline Negative results (after early 
termination of trial)‡

Shumaker and 
co-workers 
(WHIMS)22

Oestrogen (0·625 mg) 
and progestin (2·5 mg)

Stopped 
at 
5·6 years

Dementia† and 
MCI incidence 

DSM-IV, MCI37 ·· Greater risk of dementia in 
treatment group than with placebo

Shumaker and 
co-workers 
(WHIMS)23

Oestrogen (0·625 mg) 5 years Dementia† and 
MCI incidence

DSM-IV, MCI37 ·· Greater risk of combined endpoint 
(dementia or MCI) in treatment 
group than with placebo

Kryscio and 
co-workers 
(PREADVISE)24

Selenium and vit E 9–12 years AD incidence† ·· ·· Not yet available

Kang and 
co-workers 
(WHS cognitive 
substudy)25,26

Vit E (600 IU on 
alternate days) and 
aspirin (100 mg on 
alternate days)

4 years Cognitive function Telephone cognitive battery (TICS, East 
Boston memory—immediate and delayed 
recall, TICS 10-word list delayed recall, 
category fl uency)

·· No eff ect on cognitive function

McMahon and 
co-workers27

Folate (1000 μg), vit B6 
(10 mg), and vit B12 
(500 μg)

2 years Cognitive function MMSE, RAVLT†, Wechsler, Reitan TMT, 
category word fl uency, Raven’s progressive 
matrices, COWAT†

·· No eff ect on cognitive function

Dangour and 
co-workers 
(OPAL)28

n-3 polyunsaturated 
fatty acids (0·5 g DHA 
and 0·2 g EPA)

2 years Cognitive function CVLT† Cognitive performance 
(immediate and delayed recall, 
verbal fl uency, DS, symbol-
digit modalities, reaction time, 
special memory)

Not yet available

Eussen and 
co-workers29

Vit B12 (1000 μg) vs vit 
B12 (1000 μg) and folic 
acid (400 μg)

6 months Cognitive function MMSE, motor planning, Raven, Stroop, 
similarities (WAIS), word fl uency†, fi gure of 
Rey (copy), immediate and delayed recall, DS 
forwards and backwards, 15-word learning, 
delayed recall and recognition, fi nger tapping

·· No diff erence between groups

Wolters and 
co-workers30

Multivitamins 6 months Cognitive function Symbol search and pattern recognition, 
WAIS-III, KAI

·· No diff erence between groups

Bryan and 
co-workers31

Folate (750 μg) vs 
vit B12 (15 μg) vs vit B6 
(75 mg)

1 month Cognitive function Verbal fl uency, TMT, Stroop, SOPT, excluded 
letter fl uency, WAIS-III letter-number 
sequencing, digit symbol, verbal fl uency, DS 
backwards, vocabulary, symbol search, 
activity recall, RAVLT, boxes, spot the word, 
uses for common objects

·· Supplementation had a signifi cant 
positive eff ect on some measures 
of memory only, and no eff ect on 
mood. Dietary status was 
associated with speed of 
processing, recall, recognition, and 
verbal ability

(Continues on next page)
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One of these studies38 also measured incidence of mild 
cognitive impairment (MCI). The continuum between 
normal ageing, very early AD, and AD makes a threshold 
for conversion between the stages diffi  cult to identify,41 
and the defi nition of conversion to dementia is largely 
subjective. However, there are few viable alternatives, 
and these endpoints are usable if control mechanisms 
are in place. For example, an independent attribution 
committee could decide whether conversion has 
occurred, and if the study investigator and committee 
disagree patients could be followed up for a further 
6 months.

Cognitive decline
Because the conversion to dementia or AD is diffi  cult to 
assess, changes in cognitive performance or cognitive 
decline might be a suitable alternative outcome. This 
type of outcome might mean that fewer patients need to 
be studied: to detect a meaningful diff erence in terms of 
dementia incidence, around 3000 participants are 
needed,42 whereas to detect a signifi cant change in 
cognitive decline, the number needed is 200–800 
(table 1).25–36 Studies of dementia incidence generally last 
for 3–5 years, whereas studies of cognitive change are 
generally shorter, usually 6–12 months. Reduction of 

study duration might be an eff ective way to reduce 
attrition.9

Changes in the slope of such outcome measures are 
being increasingly discussed as a way to show stabilisation 
or slowing of deterioration compared with the control 
group. Activities of daily living (ADL) or quality-of-life 
assessments can be used as co-primary endpoints with 
the cognitive decline outcome to establish the clinical 
relevance of diff erences in the primary endpoint between 
treatment groups.

Recommendations
In view of the advantages in terms of sample size, 
duration of follow-up, and stability of the eff ect, we 
recommend the use of progression of cognitive decline 
instead of conversion to dementia, with changes in the 
slope of cognitive tests as a primary outcome and changes 
in instrumental ADL as a co-primary outcome. 

The choice of measures of cognitive decline is an 
additional hurdle that was not discussed in detail by the 
task force. Overall, the knowledge base is not suffi  ciently 
well developed to enable us to make recommendations, 
but changes in memory with cued recall (eg, measured 
with the Grober Buschke test) seem particularly related 
to changes that occur in AD.13

Intervention* Duration Primary outcomes Criteria and measurements Selected other outcomes Results 

(Continued from previous page)

Almeida and 
co-workers32

Oestradiol (0·5–2·0 mg) 5 months Cognitive function, 
depression, QoL

CAMCOG, verbal fl uency, block design, test 
faces, CVLT-II

·· No diff erence between groups

Polo-Kantola and 
co-workers33

Oestradiol (gel 2·5 g or 
patch 50 μg)

7 months Cognitive function Digit-symbol, Stroop, DS forwards, Benton 
visual retention, subtraction, statement 
verifi cation, paced auditory serial addition, 
vigilance, 10-choice reaction time, 
subtraction

·· No diff erence between groups

Binder and 
co-workers34

Conjugated oestrogens 
(0·625 mg) plus 
medroxyprogesterone 
acetate (5 mg for 
13 days every third 
month)§

9 months Cognitive function TMT A and B, verbal fl uency, word fl uency, 
Wechsler associate learning and 20 min 
delayed recall, cancellation random letter and 
random fi gure

·· No diff erence between groups

Stott and 
co-workers35

Folic acid (2·5 mg), 
vit B12 (500 μg), vit B6 
(25 mg), and ribofl avin 
(25 mg) (alone or in 
combination)

1 year Cognitive function Modifi ed TICS, digit coding ·· No diff erence between groups

Lewerin and 
co-workers36

Cyanocobalamin 
(0·5 mg), folic acid 
(0·8 mg), and vit B6 
(3 mg)

4 months Cognitive function Block design, digit-symbol, DS forwards and 
backwards, visual reproduction, Thurstone’s 
picture memory, identical forms, synonyms, 
fi gure classifi cation

·· No diff erence between groups

DSM-IV=Diagnostic and Statistical Manual of Mental Disorders 4th edition. NINCDS-ADRDA=National Institute of Neurological Disorders and Communicative Disorders, Alzheimer’s Disease and Related 
Disorders. NINDS-AIREN=National Institute of Neurological Disorders and Stroke and Association Internationale pour la Recherché et l’Enseignement en Neurosciences. GEM=Ginkgo Evaluation of Memory 
study. ADAPT=Alzheimer’s Disease Anti-infl ammatory Prevention Trial. WHIMS=Women’s Health Initiative Memory Study. PREADVISE=Prevention of Alzheimer’s Disease by Vitamin E and Selenium. 
Vit=vitamin. WHS=Women’s Health Study. TICS=telephone interview for cognitive status. RAVLT=Rey auditory verbal learning test. TMT=trail making test. COWAT=controlled oral word association test. 
OPAL=Older People and n-3 Long-chain Polyunsaturated Fatty Acids study. EPA=eicosapentaenoic acid. DHA=docosahexaenoic acid. CVLT=California verbal learning test. WAIS=Wechsler adult intelligence scale. 
KAI=Kurztest für Allgemeine intelligenz (ie, short test for general intelligence). SOPT=self-ordered pointing test. DS=digit span. QoL=quality of life. CAMCOG=Cambridge cognitive examination. *Doses are per 
day unless otherwise indicated. †Primary outcomes or measurements used for power calculations. ‡No diff erence between groups was detected in primary analyses. Secondary analyses that excluded seven 
patients with dementia who were previously included showed increased hazard ratios for AD with both treatments. Treatment was discontinued because of an increased cardiovascular risk associated with active 
treatment. §Medroxyprogesterone acetate given only to women who had not undergone hysterectomy.

Table 1: Outcomes for primary prevention trials
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Secondary prevention trials
Secondary prevention trials in AD involve patients with a 
certain degree of cognitive impairment (eg, MCI; 
table 2).43–45 Patients with MCI are often divided into two 
groups: those with amnestic MCI, who are more likely to 
develop AD, and those with non-amnestic MCI. Here, we 
focus on amnestic MCI.46,47

Conversion to dementia
The rate of conversion from amnestic MCI to dementia 
is variable and depends on the criteria used to select the 
population. Most trials in patients with amnestic MCI so 
far have been negative,44 which is almost certainly due to 
the diff erence in defi nitions of MCI between reversible 
cognitive decline and early dementia. This factor is 
important in the interpretation of results from secondary 
prevention trials. The call for a new defi nition of early 
AD1 underlines the diffi  culties with use of conversion to 
dementia as an outcome for trials in patients with MCI.

Cognitive decline 
Symptomatic changes in cognitive functions are 
potentially interesting outcomes for MCI trials. Many 
tests that assess memory, attention, executive functions, 
and psychomotor speed have been used in secondary 
prevention trials. The free and cued selective reminding 
test might also be valuable in this type of trial.13,48 Recently, 
a combination of tests that cover multiple cognitive 
domains has been developed and validated in the form of 
a neuropsychological test battery called the NTB.49 This 
battery was designed for use in mild to moderate AD but 
might also be useful in secondary prevention trials. 
However, there is not yet consensus about the specifi c 
cognitive tests or combinations of tests that should be 
used in secondary prevention trials. 

Recommendations
Because multiple cognitive domains can be impaired in 
MCI, we recommend the use of compound scores that 
combine performance on diff erent validated tests (eg, 
episodic memory, working memory, and executive 
function) and use of z-scores.7,10,50

Symptomatic trials in very early, mild, and 
moderate AD
About 75–80% of people with an established diagnosis of 
probable AD fall into the mild or moderate category.51 A 
signifi cant proportion of patients with MCI have very 
early AD and go on to fulfi l the criteria for probable AD.1 
At this stage of the disease, symptomatic trials probably 
require the development of more sensitive outcome 
paradigms than those currently available (table 3).52–65 The 
low effi  cacy in recent trials could be as much due to the 
quality of the assessment methods as to the eff ect of the 
treatment. 

Issues that need further study include the importance 
of subgroups (eg, diff erent genotypes)66 and what 
constitutes a clinically relevant benefi t in the context of 
the sigmoidal deterioration pattern reported when 
disease progression is measured over a period of time 
(eg, the slow decline in cognition in the early stages, and 
the faster deterioration during the moderate phase). 
However, the sigmoidal pattern of deterioration seems 
likely to be a test artefact because the NTB declines 
linearly, and the ADAS-cog seems to create the sigmoidal 
shape from diff erential sensitivity.49

Cognitive outcome
The ADAS-cog is the scale most frequently used to assess 
cognitive outcome. The 11-item version of the scale 
validated in the 1980s67 does not include adequate 

Intervention Duration Primary outcomes Criteria and measurements Selected other outcomes Results 

Thal and 
co-workers 
(rofecoxib protocol 
078)43

Rofecoxib 
(25 mg/day)

4 years Cumulative 
incidence of AD*

NINCDS-ADRDA Cognitive change (SRT summed and 
delayed recall, MMSE, 
ADAS-cog, CDR, BDRS) 

Conversion rate per year 6·4% 
in treatment group and 4·5% in 
placebo group (p=0·01)

Petersen and 
co-workers44

Vit E plus 
multivitamin or 
donepezil plus 
multivitamin 

3 years Time to 
development of 
possible or probable 
AD*

NINCDS-ADRDA Changes in cognitive, functional and 
global measures (MMSE, ADAS-cog, 
CDR, ADCS-ADL/MCI, GDS, paragraph 
recall, symbol-digit modalities, 
category fl uency, number cancellation, 
Boston naming, digits backward, 
clock-drawing, maze-tracing task)

Conversion rate per year 16% in 
both groups. No diff erences 
between groups at 3 years 

Feldman and 
co-workers 
(InDDEx)45

Rivastigmine 
(3–12 mg/day)

4 years Rate of progression 
to AD*, change in 
cognitive 
performance

NINCDS-ADRDA, cognitive battery (New York 
University paragraph recall [immediate and 
delayed], delayed word list recall, letter–number 
sequencing, Buschke free and cued selective 
reminding, symbol-digit modalities, digit-
cancellation task, maze, verbal fl uency 
categories subtest, clock drawing)

Changes in cognitive, functional, and 
global measures (ADAS-cog, MMSE, 
CDR, GDS, ADCS-ADL, NPI, QOL-AD, 
HAM-D, MRI)

No diff erences between groups 
for conversion rate (17·3% in 
treatment group vs 21·4% in 
placebo group across 3–4 years)

SRT=selective reminding test. BDRS=Blessed dementia rating scale. ADSC-ADL=Alzheimer Disease Cooperative Study of Activities of Daily Living inventory. ADCS-ADL/MCI=ADCS-ADL adapted to MCI. 
InDDEx=Investigation into the Delay to Diagnosis of AD with Exelon. GDS=global deterioration scale. QOL-AD=quality of life scale in Alzheimer’s disease. HAM-D=Hamilton rating scale for depression. *Primary 
outcomes or measurements used for power calculations.

Table 2: Outcomes for secondary prevention trials
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assessment of executive function, attention, and working 
memory, particularly for patients in the early stages of 
AD. Thus, the ADAS-cog often needs to be supplemented 
at the milder end of the disease spectrum (eg, with the 
trail-making test68 or the Stroop test69). In the 1990s, the 
researchers who devised the original ADAS-cog reviewed 
such adaptations and added some executive measures in 
a 13-item version of the scale.70 The ADAS-cog will 
probably continue to be a recommended outcome 

measure. The NTB includes six supplementary tests to 
measure attention, working memory, and executive 
function,49 and when used in its fi rst trial71 it captured 
subtle cognitive changes that were not picked up by the 
ADAS-cog. If the sensitivity of this battery is confi rmed 
in further studies, it might be increasingly used in future 
trials. 

Some investigators believe that computerised assess-
ment protocols are also important in trials. Many of the 

Intervention* Duration Primary 
outcomes

Criteria and 
measurements

Selected other outcomes Results

Winblad and 
co-workers52

Donepezil 
(5–10 mg)

1 year Global dementia 
assessment 

GBS Measures of cognition (MMSE), ADL 
(PDS), behaviour (10-item NPI and 
disease severity, GDS)

Signifi cant eff ect at 1 year on MMSE and PDS. 
Borderline eff ect on GBS (p=0·054)

Wilcock and 
co-workers 
(GAL-GBR-2)53

Galantamine 
(24 mg) vs 
donepezil 
(10 mg)

1 year Function, 
cognition 
behaviour, 
caregiver burden 

BADL, MMSE, 
ADAS-cog, NPI, 
screen for caregiver 
burden

 ·· No signifi cant diff erence between groups 

Courtney and 
co-workers 
(AD2000)54

Donepezil 
(5–10 mg)

>60 weeks 
planned

Entry to 
institutional 
care, progression 
of disability

Entry to 
institutional care, 
progression of 
disability (loss of 
2 of 4 basic, or 6 of 
11 instrumental, 
activities on BADLS)

Functional ability (BADLS), presence 
and severity of behavioural and 
psychological symptoms and signs of 
dementia (NPI), cognition (MMSE), 
progress to severe cognitive disability 
(MMSE <10), psychological wellbeing of 
the principal caregiver (GHQ-30), death

No diff erence between groups in entry to institutional 
care or progression to disability. Signifi cantly better 
MMSE and BADLS at 2 years in treatment group than 
with placebo

Mohs and 
co-workers55

Donepezil 
(5–10 mg)

1 year Functional 
decline

ADFACS CDR, MMSE 38% effi  cacy reduction in the risk of functional decline 
in donepezil group compared with placebo group

Rogers and 
co-workers56

Donepezil 
(5–10 mg)

24 weeks Cognitive and 
global function

ADAS-cog, 
CIBIC-plus

MMSE, CDR, QoL Signifi cantly better ADAS-cog and CIBIC-plus scores 
with donepezil than with placebo

Rogers and 
co-workers57

Donepezil 
(5–10 mg)

12 weeks Cognitive and 
global function

ADAS-cog, 
CIBIC-plus

MMSE, CDR, QoL Signifi cantly better ADAS-cog, CIBIC plus, and MMSE 
scores with donepezil than with placebo

Burns and 
co-workers58

Donepezil
(5–10 mg)

24 weeks Cognitive and 
global function

ADAS-cog, 
CIBIC-plus

CDR, modifi ed IDDD, QoL Signifi cantly better cognitive (ADAS-cog) and global 
(CIBIC-plus) function with donepezil than with placebo

Homma and 
co-workers59

Donepezil 
(5 mg)

24 weeks Cognitive and 
global function

ADAS-cog, 
CIBIC-plus 
(Japanese versions)

CDR, MENFIS, CMCS Signifi cantly better cognitive (ADAS-cog) and global 
(CIBIC-plus) function with donepezil than with placebo

Rosler and 
co-workers60

Rivastigmine 
(1–4 or 
6–12 mg)

26 weeks Cognitive and 
global function

ADAS-cog, 
CIBIC-plus, PDS

·· Signifi cantly better cognitive (ADAS-cog) and global 
(CIBIC-plus, PDS) function with high-dose rivastigmine 
than with placebo

Raskind and 
co-workers 
(GAL-USA-1)61

Galantamine 
(24–32 mg)

26 weeks Cognitive and 
global function

ADAS-cog/11, 
CIBIC-plus

DAD Signifi cantly better cognitive (ADAS-cog/11) and 
global (CIBIC-plus) function with galantamine than 
with placebo

Wilcock and 
co-workers 
(GAL-INT-1)62

Galantamine 
(24–32 mg)

26 weeks Cognitive and 
global function

ADAS-cog/11, 
CIBIC-plus

DAD Signifi cantly better cognitive (ADAS-cog/11) and 
global (CIBIC-plus) function with galantamine than 
with placebo. Higher-dose group had signifi cantly 
better DAD scores at the end of treatment than did 
placebo group

Tariot and 
co-workers 
(GAL-USA-10)63

Galantamine 
(8, 16, or 
24 mg)

5 months Cognitive and 
global function

ADAS-cog/11, 
CIBIC-plus

ADCS-ADL, NPI Signifi cantly better outcomes for all measures with 
galantamine than with placebo

Wilkinson and 
co-workers64

Galantamine 
(18, 24, or 
36 mg)

3 months Cognitive 
function

ADAS-cog CGIC, PDS Signifi cantly better outcomes for all measures with 
galantamine than with placebo

Rockwood and 
co-workers65

Galantamine 
(24 or 32 mg)

3 months Cognitive and 
global function

ADAS-cog/11, 
CIBC-plus

ADAS-cog/13, NPI, DAD Signifi cantly better outcome on cognitive (ADAS-cog) 
and global (CIBIC-plus) function with galantamine than 
with placebo, and signifi cant benefi ts on DAD. 
Behavioural symptoms (NPI) did not change 
signifi cantly from baseline in either group

GBS=Gottfries-Brane-Steen scale. PDS=progressive deterioration scale. GAL-GBR=UK galantamine trial. BADL=Bristol activities of daily living. GHQ-30=general health questionnaire, 30 items. ADFACS=functional 
assessment and change scale. IDDD=interview for deterioration in daily living activities in dementia. MENFIS=mental function impairment scale. CMCS=caregiver-rated modifi ed Crichton scale. GAL-USA=US 
galantamine trial. GAL-INT=international galantamine trial. ADAS-cog/11=11-item version of ADAS-cog. CGIC=clinical impression of global change. ADAS-cog/13=13-item version of ADAS-cog. *Doses are per day. 

Table 3: Outcomes for symptomatic trials for mild to moderate AD
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tests used in clinical drug trials have few, if any, parallel 
forms; therefore, although they have reasonable temporal 
reliability, they are prone to learning eff ects after repeated 
testing that might obscure drug eff ects. However, most 
patients with AD do not show major learning eff ects on 
psychological tests owing to their memory impairment. 
The key providers of computerised cognitive testing 
typically off er multiple validated and genuinely parallel 
versions of their tests. This reduces the risk that drug 
eff ects will be obscured by practice and facilitates the use 
of prebaseline testing, which is a useful way to reduce 
postbaseline error variance. Computerised assessments 
also off er the advantage of precise measurement of 
timing. However, these assessments are appropriate only 
if the domains measured are clinically relevant to the 
disease process and can support a reasonable claim for 
effi  cacy. 

The ADAS-cog can sometimes show a clinically 
signifi cant benefi t in cognition—eg, a 4-point diff erence 
in the cognitive change from baseline to the study end 
between treated and placebo populations over a 6-month 
trial period. A 7-point decline at 6 months has been 
associated with an increased risk of severe dementia or 
death at 2 years after study entry,72 which confi rms the 
value of the ADAS-cog scale as a good surrogate marker 
of long-term prognosis. However, changes in patients 
with mild AD are becoming increasingly diffi  cult to 
identify with the ADAS-cog over 6 months, because more 
of the patients who enter trials have mild AD (mini-
mental state examination [MMSE] >20) and are in good 
general health than in previous studies, and changes in 
the ADAS-cog in a 6-month period are often small.6 A 
non-signifi cant change in the ADAS-cog could therefore 
be due to a very small or null eff ect of the drug being 
tested, to the absence of decline in the placebo group, or 
to insensitivity of the outcome measures for the study 
population.73 Links between baseline severity and change 
from baseline with the ADAS-cog should therefore also 
be taken into account.

Functional outcome
Deterioration in day-to-day functional ability is a major 
feature of most dementias, and any change in 
performance in this context is an important outcome 
measure. Scales are based mainly on an interview with 
the patient, their caregiver, or both, and in general cover 
both basic ADL (eg, eating and dressing) and more 
complex or instrumental ADL (eg, ability to use the 
telephone, other household equipment, or transport, or 
ability to go shopping). The Alzheimer’s Disease 
Cooperative Society (ADCS)-ADL scale74 is the scale most 
widely used to assess functional outcome in patients with 
AD; the disability assessment for dementia (DAD) scale75 
is also frequently used and can show linear change over 
time.76 The Bristol ADL scale was also developed for use 
in clinical trials.77,78 In early dementia, assessment should 
include instrumental ADL items,79 but whether specifi c 

functional measures off er distinct advantages in terms of 
scaling is unclear.

Behavioural and psychological symptoms of dementia 
outcomes 
Diverse behavioural and psychological symptoms of 
dementia (BPSD) are used as outcomes. These important 
outcome measures, sometimes called neuropsychiatric 
features, are thought of as non-cognitive symptoms of 
AD and have been shown to predict entry into institutional 
care. The most widely used scale in this context is the 
neuropsychiatric inventory (NPI),80 which covers a range 
of BPSD, but the use of an overall NPI score might mask 
important changes in individual BPSD items. The BPSD 
spectrum is so wide that trials are needed to evaluate its 
diff erent aspects.81 The eff ects of a drug on behavioural 
disturbances that were present at baseline should also be 
distinguished from those on disturbances that emerge 
during a clinical observation period, because these eff ects 
might diff er.

Global outcome
Global assessment measures often still include the 
clinician’s interview-based impression of change with 
caregiver input (CIBIC-plus). This measurement has 
been criticised because it was devised via a regulatory 
route rather than through basic scientifi c development; 
its application has since been standardised82 but changes 
in function have now been recommended for regulatory 
purposes.83 10 years ago, a case was made for such 
global measures to be replaced by appropriate 
combinations of tests to cover a range of domains.84 
Other measures include the clinical dementia rating 
(CDR)85 and the global deterioration scale,86 in which 
clinicians decide which statement from a list best 
describes the patient’s ability. The CDR is one of the 
most frequently used and recommended measures in 
dementia drug trials, especially the sum of boxes 
version. However, this rating does not have a behavioural 
component, and several other global measures, such as 
the functional assessment staging tool, are also well 
established.87

Health economics outcome
Health economics outcomes have become increasingly 
important over the past few years. Two approaches are 
used: statistical modelling, and analysis of data from 
trials. In analysis approaches, such as the resource 
utilisation in dementia instrument (RUD), resource use 
is measured and incremental costs are compared with 
incremental eff ects to produce a cost–benefi t analysis.88

Biomarker outcome
We discuss biomarkers in the section on disease-
modifying agents, because they are more likely to be of 
value in that context than in trials that evaluate 
symptomatic outcome. 
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Recommendations
We recommend that cognition and function are the two 
primary outcomes for trials in mild to moderate 
dementia. We recommend that cognition is assessed 
with the ADAS-cog or a neuropsychological test battery 
in early and mild dementia, and with the ADAS-cog in 
moderate dementia; function should be assessed with 
the instrumental ADL at these stages. For moderate 
dementia, a more global assessment (CDR) can be used 
as a co-primary outcome with cognition.

Disease-modifying trials in very early, mild, and 
moderate AD
Disease modifi cation implies arrest or retardation of the 
processes that led to neuronal loss or malfunction, to 
produce clinical benefi t. This approach, which is being 
explored mainly in mild and moderate rather than severe 
AD, has been discussed in detail previously.5 By defi nition, 
symptomatic eff ects can be diffi  cult to distinguish from 
disease modifi cation, and some drugs might have both 
symptomatic and disease-modifying properties. The 
outcome measures chosen will depend on the trial design 
and stage of the disease.

Trial design
Clinical trials can continue for 18 months or more. 
Therefore, outcome measures should be valid at diff erent 
stages of the disease, because participants might move 
from one disease stage to another during the study. 
Additionally, the trial process should not be burdensome 
for patients and their carers, because the long duration of 
these studies often results in a high drop-out rate. In 
mild AD, outcome measures need to be sensitive to the 
fact that cognition and instrumental ADL scores might 
both deteriorate slightly over a period such as a year, 
whereas basic ADL items are usually more stable. In 
moderate AD, there will be a more obvious decline in all 
areas over a year, and neuropsychiatric symptoms are 
more likely to emerge.

Randomised start or withdrawal designs89 have been 
advocated, but they require longer follow-up, and are 
likely to involve higher drop-out rates and costs than 
other types of trial. An alternative is the delay to 
milestones approach (ie, a survival-type analysis), which 
measures the proportion of patients who reach specifi c 
endpoints over time. The endpoints chosen will need 
face-validity in terms of clinical relevance, such as a 
delay of at least 6 months for an important milestone 
(eg, CDR). A parallel group design to assess longitudinal 
data, sometimes called a slope analysis, is another valid 
and useful approach. One of the strengths of this 
analysis is that it looks at all available data for any period 
of time for all participants. Slope analysis can include 
elements of a survival-type analysis, and a pseudo-
staggered start design if there is a subsequent open-
label study when patients from the placebo group start 
to take the drug. This method allows missing data to be 

taken into account with less bias than with the last 
observation carried forward and observed cases 
approaches. The recently proposed natural history 
staggered start analysis compares the slopes of decline 
of patients who receive study drug with those of patients 
who receive placebo, and corrects for the severity of 
disease at baseline.90

Clinical outcome
Outcome measures for disease-modifying trials are 
currently based on those traditionally used in 
symptomatic trials91 (table 4).92–100 As disease-modifying 
trials concentrate increasingly on the mild or very early 
stages of AD, sensitivity issues will need to be addressed; 
hence, the supplementation of the ADAS-cog with 
batteries such as the NTB. The primary outcome 
measures will need to cover cognition, functional ability, 
and global assessment, and secondary outcome 
measures will also resemble those used in symptomatic 
trials. In the Real.fr study,6 mean changes in the ADAS-
cog over 18 months were only 3·02 points (SD 5·63) in 
patients with a stable dose of cholinesterase inhibitors 
from at least 4 months before study entry. However, a 
2-point change at 18 months on the ADAS-cog scale was 
related to a further loss of ADL.101 Knowledge of the 
inherent diffi  culties with assessment methods has 
resulted in further developments and new methods are 
under evaluation.102

Biomarker outcome
Increasing use of biomarkers (eg, in CSF and MRI) in 
trials will be an inevitable consequence of the pressure to 
capture disease-modifying properties of new drugs. 
Although no biomarkers predict clinical decline 
suffi  ciently well to be used as a surrogate endpoint 
instead of clinical measures, many correlate with 
diagnosis and some correlate with decline. These 
biomarkers can be used to supplement clinical results to 
support the eff ect of an agent on the underlying disease 
process. However, biomarkers might not always behave 
as predicted in assessments of imaging outcomes. For 
example, in the AN1792 trial,103 more cerebral atrophy 
was recorded in the treated group than in the placebo 
group, without an increase in cognitive decline.

To be used as surrogate outcome measures, biomarkers 
need to be easily obtainable, to be objectively measurable, 
to relate to disease processes, to be expected to respond 
to or be stabilised by treatment, and if possible to predict 
clinical response. Smaller standard deviations than with 
clinical measures would also be valuable, because this 
could reduce numbers of patients needed and possibly 
trial duration. Biomarkers might also improve diagnosis, 
and possibly eventually indicate which patients would 
best be treated with specifi c therapies. Change in a 
biomarker might also reassure patients and their 
physicians that a drug is having an eff ect before a clinical 
change becomes apparent.
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However, no marker to reliably measure a change in 
response to therapy in a predictable direction has been 
validated. Feldman and colleagues45 reported that the 
rate of change in hippocampal volume did not correlate 
with changes on any clinical outcome measure. Future 
trials should include assessment of biomarkers because 
this will advance our knowledge about their 
usefulness.

Recommendations
For disease-modifying trials, we recommend adoption of 
the most widely used outcomes for symptomatic trials in 
mild to moderate AD: the ADAS-cog, ADCS-ADL scale, 
and CDR sum of boxes. No available data suggest suitable 
alternatives. The consensus was that a 2-point diff erence 
between groups at 18 months on the ADAS-cog should 
be the minimal clinically important change (MCIC).

Trials in severe AD
Around 20% of patients with AD are estimated to be at 
the severe dementia stage (MMSE <10).51 Patients with 
severe dementia have both severe cognitive impairment 
and functional loss in basic ADL. Aggressive forms of the 
disease, with rapid cognitive decline and functional loss, 
must be assessed in a diff erent way to severe AD and are 
not discussed in this Review. However, reduction of the 
percentage of patients with rapid progression could be 
an important outcome for new drugs. Severe dementia is 
a substantial part of the burden for patients, caregivers, 
and society. For these reasons, clinical trials in patients 

with severe AD need to be strongly encouraged. Many 
such patients continue to walk and eat with assistance, 
communicate in short phrases or single words, interact 
with others, and complete several basic ADL with help. 
Even when the disease becomes very severe, they are still 
able to interact with their environment. The goals of 
treatment for patients with severe AD are to improve 
symptoms, preserve residual abilities, and slow symptom 
progression.

Trial design
The typical design to show symptomatic improvement in 
severe AD is a randomised, double-blind study to 
compare diff erences between drug and placebo in two 
co-primary outcomes, one for cognition and one 
preferably for functional impairment104 (table 5).105–119 The 
changes must be robust and clinically meaningful in 
favour of active treatment versus placebo. The MMSE 
and the modifi ed MMSE are useful in stratifi cation of 
patients for trial entry.

Cognitive outcome
The most widely used assessment for patients with 
advanced dementia is the severe impairment battery 
(SIB),120 an objective, performance-based evaluation of 
cognitive functions by use of a structured, interview-like 
assessment. The domains tested are analogous to those 
assessed by the ADAS-cog. Data on reliability and validity 
are available but more data are needed on the links 
between the SIB and functional measurements.

Intervention* Duration Primary outcome Criteria and 
measurements

Selected other outcomes Results

Sanofi -Aventis trials 
EFC2724 and 
EFC294692 

Xaliproden 18 months Cognitive function, 
global rating, brain 
physiopathology

ADAS-cog, CDR, 
hippocampal atrophy 
(subset)

·· No signifi cant eff ects on primary clinical 
endpoints in either trial; signifi cantly less 
hippocampal atrophy with xaliproden 
than with placebo in EFC272490

NIA (VITAL)93 B vitamins 18 months Cognitive function, 
global rating 

ADAS-cog, CDR ·· Not yet available

Neurochem North 
American trial94

Tramiprosate 18 months Cognitive function, 
global rating

ADAS-cog, CDR Brain volume change (MRI) No signifi cant eff ects†

Neurochem 
European trial95

Tramiprosate 18 months Cognitive function, 
global rating

ADAS-cog, CDR ·· Trial discontinued‡

NIA (CLASP)96 Simvastatin
(20–40 mg)

18 months Cognitive function, 
global rating

ADAS-cog, ADCS-
CDIC

Measures of clinical global change 
(ADCS-CGIC), mental status, functional 
ability, behavioural disturbances, 
quality of life, economic indicators

Not yet available

Feldman and co-
workers97

Atorvastatin (80 mg) 
plus donepezil (10 mg)

18 months Cognitive function, 
global rating

ADAS-cog, CDR ·· Not yet available

Myriad US trial98 R-fl urbiprofen 18 months Cognitive outcome, 
functional outcome 

ADAS-cog, ADCS-
ADL

·· Not yet available

Myriad international 
trial99

R-fl urbiprofen 18 months Cognitive outcome, 
functional outcome 

ADAS-cog, ADCS-
ADL

·· Not yet available

NIA, ADCS, Martek 
Biosciences100

DHA 18 months Cognitive change, 
global rating 

ADAS-cog, CDR ·· Not yet available

NIA=National Institute on Aging. VITAL=Vitamins to Slow Alzheimer’s Disease Study. CLASP=Cholesterol-owering Agent to Slow Progression of Alzheimer’s Disease Study. ADCS-CDIC=ADCS clinical global 
impression of change. *Doses are per day. †B Vellas, unpublished. ‡Discontinued because of negative results in the North American trial. 

Table 4: Outcomes for disease-modifying trials for mild to moderate AD
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Functional outcome
Function is probably the most suitable outcome domain 
for trials in severe dementia, and tests of functional 
outcome such as the Bristol ADL scale,78 the ADCS-ADL 
scale modifi ed for severe dementia (ADCS-ADL-sev),121 
and the DAD scale75 have been validated. Assessment of 
the loss of basic ADL by functional outcome measures is 
particularly important at this stage of AD.

Global outcome
A global outcome must be included. The CIBIC-plus and 
clinical global impression of improvement (CGI) scores 

have been used in trials in severe dementia.105,107–111,115–118 
However, global outcomes are particularly diffi  cult to 
assess in patients with severe dementia, for example 
when patients live in nursing homes. 

Health economic outcome
The cost of dementia increases as the disease becomes 
more severe.122 Some assessments, such as the RUD, 
have been developed specifi cally to measure resource use 
in clinical trials of AD, with a focus on key resource use 
items: accommodation, community care services, 
inpatient care, and informal care. The RUD88 has been 

Intervention* Duration† Primary outcomes Criteria and 
measurements

Selected other outcomes Results

Black and 
co-workers105

Donepezil (10 mg) 24 weeks Global function SIB‡, CIBIC-plus‡ Cognitive, functional, behavioural, caregiver 
and resource utilisation outcomes (MMSE, 
ADCS-ADL-sev, NPI, CBQ, RUSP)

Donepezil had a signifi cant eff ect on 
change in SIB scores, CIBIC-plus, and 
MMSE scores at end of treatment

Winblad and 
co-workers106

Donepezil (5–10 mg) 6 months Change in global and 
functional measures

SIB‡, 
ADCS-ADL-sev‡

·· Patients treated with donepezil 
improved more in SIB scores and 
declined less in ADCS-ADL-sev scores 
compared with placebo

Winblad and 
Poritis107

Memantine (10 mg) 12 weeks Global change; 
behavioural outcome

CGI-C‡,
BGP-CDS‡

Modifi ed D-scale (Arnold/Ferm) Memantine had a signifi cant eff ect on 
changes in CGI-C and BGP-CDS scores 

Tariot and 
co-workers108

Memantine (5–20 mg) in 
patients already on donepezil

24 weeks Cognitive change, 
functional change

SIB‡,
ADCS-ADL19‡

CIBIC-plus, NPI, BGP-CDS Memantine had a signifi cant eff ect on 
all outcome measures

Feldman and 
co-workers 
(MSAD)109,110 

Donepezil (5–10 mg) 24 weeks Global change CIBIC-plus‡ Cognitive outcomes (sMMSE and SIB), 
functional outcomes (DAD, IADL-plus, PSMS), 
behavioural outcomes (NPI), global functioning 
(FRS), caregiver quality of life (SF-36, CSS), 
healthcare resource utilisation (CAUST)

Patients receiving donepezil showed 
signifi cant benefi ts on CIBIC-plus and 
all other outcome measures after 
24 weeks

Reisberg and 
co-workers 111

Memantine (20 mg) 28 weeks Global change, 
functional outcome

CIBIC-plus; 
ADCS-ADL-sev

Measures of cognition, function, and behaviour 
(SIB, MMSE, GDS, FAST, NPI, RUD)

Patients on memantine had a better 
outcome than those on placebo, 
according to CIBIC-plus, 
ADCS-ADL-sev, SIB

Eisai112 Donepezil (23 mg sustained 
release vs 10 mg immediate 
release)

·· Cognitive, global and 
functional outcomes

SIB, CIBIC-plus, 
ADCS-ADL

MMSE Not yet available

Eisai113 Donepezil ·· Global and cognitive 
function

·· ADL and caregiver burden Not yet available

Forest 
Laboratories114 

Memantine ·· Behavioural 
outcomes

NPI CMAI, CGI, ADCS-ADL, agitation/aggression 
domain of NPI

Study completed. Results not yet 
available

NYU, Forest 
Laboratories, 
Fisher Center for 
AD Research115 

Memantine and 
comprehensive individualised 
management of AD patients 
and caregiver training

28 weeks Global and functional 
outcomes

CIBIC-plus, 
ADCS-ADL-sev

SIB, MMSE, FAST, GDS, behavioural pathology 
in AD, memory and behaviour problems 
checklist

Not yet available

East Kent 
Hospitals Trust 
(MAGD)116

Memantine <12 weeks Agitation CMAI NPI, CGI, SIB Not yet available

Eisai117 E2020 (donepezil 5 and 
10 mg)

·· Global and cognitive 
function

CIBIC-plus, SIB Behave-AD, ADCS-ADL-sev Not yet available

Forest 
Laboratories118

Modifi ed-release memantine 
with concurrent AChEI

·· Global and cognitive 
function

SIB, CIBIC-plus NPI, ADCS-ADL Not yet available

Janssen119 Galantamine (8–24 mg) 26 weeks Cognition, function SIB, minimum 
dataset ADL test

NPI, behavioural, social, and physical 
functioning, level of caregiver support, eff ect 
on caregiver, MMSE

Not yet available

CBQ=caregiver burden questionnaire. RUSP=resource utilization for severe AD patients. BGP-CDS=behavioural rating scale for geriatric patients, care-dependency subscale. ADCS-ADL19=modifi ed 19-item 
ADCS-ADL. MSAD=Moderate to Severe AD study. sMMSE=screening standardised MMSE. IADL-plus=modifi ed instrumental activities of daily living scale. PSMS=physical self-maintenance scale. Behave 
AD=behavioral pathology in AD. CGI-I=clinical global impression of change. FRS=functional rating scale. SF-36=short form 36. CSS=caregiver stress scale. CAUST=Canadian utilization of services tracking. NYU=New 
York University. CMAI=Cohen Mansfi eld agitation inventory. FAST=functional assessment staging. MAGD=Memantine for Agitation in Dementia study. AChEI=acetylcholinesterase inhibitors.  *Doses are per day 
unless otherwise indicated. †Where no duration is given this is because no duration was listed on ClinicalTrials.gov when the trial page was accessed. ‡Primary outcomes or measurements used for power calculations.

Table 5: Outcomes for symptomatic trials for moderate to severe AD
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validated against caregiver diaries and direct observation. 
The burden interview123 is the most widely used 
assessment in social research to assess the burden for 
caregivers, but is not very sensitive to change; the 
relative’s stress scale124 is more sensitive. Informal care 
should be assessed because much time is spent on it. 
However, the real value of such health economics data is 
relative, because it involves a specifi c selection of patients 
and results cannot be generalised to the whole 
population.125–128

Other clinically relevant outcomes
Assessment of quality of life is important, but no 
measures are yet validated for use in patients with severe 
AD. Any measure is likely to need proxy completion, 
which might not be representative of the patient’s opinion 
of his or her quality of life. Carer quality of life is also 
important; some studies are now using the Logston 
scale,129 and more data will be soon available. Owing to 
the day-to-day variability of AD, both bad days and good 
days in a month could be assessed.

Behavioural disorders are common in severe AD and 
can be measured by the NPI.80 The NPI total score must 
be used with caution: in disease-modifying studies, 

reductions in frequency and severity of individual NPI 
domains and the emergence of new NPI symptoms 
should be assessed separately. The analysis of single NPI 
items or of subgroups of items, or the use of other 
specifi c behavioural scales (eg, to measure apathy or 
depression) will often be necessary.

Recommendations
We recommend that the time to reach a specifi ed value 
on an incapacity scale, entry to institutional care, number 
of admissions to hospital, need for home help, level of 
satisfaction, loss of a basic ADL, and onset of behavioural 
disorders are clinically relevant outcomes for trials in 
patients with severe AD. The SIB, ADCS-ADL-sev, and 
NPI are the most widely used measurements in trials in 
patients with severe AD, and they remain recommended 
by the task force.

Discussion
According to the guidelines recently released for 
consultation by the European Committee for Human 
Medicinal Products (CHMP),83 outcomes for symptomatic 
trials need to address the following domains: cognition, 
as measured by objective tests (cognitive endpoint); ADL 

Strengths Limitations

Prevention trials

Conversion to 
dementia or AD19–24

Most clinically relevant outcome Relatively subjective; diffi  cult to determine the precise moment of conversion; incidence can 
remain low in healthy older patients; independent committee necessary to validate diagnoses

Cognitive decline (eg, 
memory testing with 
cued recall)25–36

More sensitive and objective than conversion outcome; can detect 
small cognitive changes; individual cognitive domains can be studied 
separately

No standardised cognitive test battery for prevention trials; some well known instruments (eg, 
MMSE) might not be sensitive enough to detect early signs of cognitive decline; clinical relevance 
and suitability of cognitive decline as a surrogate marker for dementia still to be established

Symptomatic trials: mild to moderate AD

ADAS-cog53,56–65 Widely used and standardised; can show some symptomatic eff ects in 
trials of cholinesterase inhibitors; sensitive to change in moderate AD

Inadequate assessment of some cognitive domains, especially in very early AD; unclear 
defi nition of what constitutes a clinically important change, especially in mild AD

NTB71 More sensitive than the ADAS-cog and covers more cognitive domains Requires further validation in therapeutic trials

CIBIC-plus56–63,65 Signifi cant change reported in clinical trials* High inter-rater variability hinders comparison between diff erent studies

Symptomatic trials: moderate to severe AD

Cognition: 
SIB105,106,108,112,117–119

Adapted for patients with severe AD who might not be able to 
complete other measures (eg, MMSE or ADAS-cog); scoring based on 
correct responses rather than errors, and partial responses are credited

Might be diffi  cult to show clinically important diff erences

Function: 
ADCS-ADL-sev106,111,115

Adapted for patients with severe dementia Might be diffi  cult to show clinically important diff erences

ADCS-ADL108,112 Signifi cant change reported in clinical trials* Not adapted for severe dementia

CGI-C107 Global assessment Might be subject to inter-rater variability, thus hindering comparison between diff erent 
studies

CIBIC-plus105,110–112,116,118 Global assessment High inter-rater variability hinders comparisons between diff erent studies

Disease-modifying trials: mild to moderate AD

ADAS-cog92–100 Widely used in symptomatic trials No signifi cant diff erences between groups in trials so far.* Only evidence for disease-
modifying eff ects comes from long trial duration

NTB More sensitive than the ADAS-cog and covers more cognitive domains Requires further validation in therapeutic trials†

ADCS-ADL98,99 Widely used in symptomatic trials Negative in trials so far*

CDR92–97,100 Suggested as a co-primary outcome (global outcome) No behavioural component

CIBIC Global assessment Diffi  cult to interpret in long-term trials

*Most of these trials were carried out several years ago versus placebo. However, signifi cant changes now seem more diffi  cult to detect in add-on trials with patients who have milder AD. †There is still discussion 
about the clinical relevance of changes in scores on this assessment. 

Table 6: Strengths and limitations of primary outcomes in AD trials
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(functional endpoint); and overall clinical response 
(global endpoint). The global endpoint should not be one 
of the two co-primary outcomes, because this position 
should be reserved for the cognitive and functional 
outcomes. To show true disease modifi cation there needs 
to be an eff ect in a clinical outcome accompanied by 
strong supportive evidence from a biomarker. To avoid 
the diffi  culties posed by the absence of an adequately 
validated biomarker, a two-step approach is recognised in 
the CHMP guidelines: in a fi rst step, a delay in the 
natural course of the disease can be based on clinical 
signs and symptoms; if these results are supported by a 
convincing package of biological data, neuroimaging 
data, or both (eg, to show delay in the progression of 
brain atrophy), a full claim for disease modifi cation could 
be considered.83

Table 6 shows the main endpoints that are currently 
used in AD clinical trials. Those for mild to moderate 
AD are more satisfactory than those for very mild or 
severe AD. Further development of outcome measures 
for severe AD and for trials of preventive treatments will 
probably be informed by current trials. Almost all 
endpoints to evaluate AD outcomes are scoring systems 
based on a continuous or categorical scale. As such, the 
extent of change in these endpoints that is clinically 
relevant should be clarifi ed. The MCIC for any given 
measurement is defi ned as the smallest diff erence 
between two assessments that has a perceived eff ect on 
disability.130 Calculation of how big this change should 
be is diffi  cult: on a properly constructed categorical 
scale, each step is by defi nition a MCIC, but on a 
continuous scale such a change has to be classifi ed 
empirically. Only a few studies to identify MCIC have 
been published.131,132

Despite previous research, the MCIC has not been 
empirically established for any of the currently available 
endpoints. The commonly quoted MCIC for the ADAS-
cog of 4 points is the result of a post-hoc agreement 
rather than prospective fi ndings. Furthermore, it applies 
only to the patients who are categorised as mild to 
moderate. Classic randomised placebo-controlled studies 
are no longer possible in many countries because of the 
availability of existing medication. We have to use the 
model of add-on therapy—thus, the natural history of the 
disease will be diff erent to that in previous studies. 
Patients with AD in developed countries have a milder 
form of the disease at the time of diagnosis, a less 
progressive disease course, and fewer comorbidities than 
was previously the case.133 The small decline in outcome 
that is likely to occur in the placebo group is an important 
factor in choice of outcome measures generally, and in 
particular means that clinically relevant benefi ts might 
be diffi  cult to show at 6 months or even 18 months. 
Larger trials and longer follow-up periods are now 
necessary because we still do not have suffi  ciently 
validated biomarkers. Many of the patients with 
prominent behavioural disorders cannot be recruited 

into studies, or are more likely to drop out when 
behaviour deteriorates, which potentially introduces a 
bias that further complicates study design and 
interpretation—hence the importance of the extensive 
neuroimaging and biomarker programmes that are in 
progress, which will hopefully increase the feasibility of 
clinical trials in AD and provide proof of disease 
modifi cation. 

One important diffi  culty in interpretation of present 
studies of AD is their multicentre nature. Owing to 
diffi  culties with recruitment of patients, most trials now 
involve many centres from North America and Europe, 
and more recently China and India. Outcome measures 
have to take this fact into account. Because of the 
educational and cultural aspects of dementia trials, we 
recommend the use of more homogeneous target 
populations, and use of collaborative networks to recruit 
at least 10–20 patients per centre, and no fewer than fi ve 
as has been common previously. Site-related eff ects and 
smaller than expected changes in placebo groups have 
been important limiting factors in recent trials (eg, the 
North American phase III trial of tramiprosate).2 The 
eff ects of a drug that cured AD would be easy to see with 
currently used outcomes—this scenario is unfortunately 
not probable, but we can aim to have more drugs with a 
moderate eff ect and to reach a clinically relevant 
endpoint through the association of these drugs. We 
hope that the outcomes presented in this Review will 
help with the achievement of this goal in the right target 
population.
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