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Abstract The assessment of patient outcomes in clinical trials of new therapeutics for Alzheimer’s disease

(AD) continues to evolve. In addition to assessing drugs for symptomatic relief, an increasing number

of trials are focusing on potential disease-modifying agents. Moreover, participants with AD are being

studied earlier in their course of disease. As a result, the limitations of current outcome measures have

become more apparent, as has the need for better instruments. In recognition of the need to review and

possibly revise current assessment measures, the Alzheimer’s Association, in cooperation with

industry leaders and academic investigators, convened a Research Roundtable meeting devoted to

scales as outcome measures for AD clinical trials. The meeting included a discussion of methodolog-

ical issues in the use of scales in AD clinical trials, including cross-cultural issues. Specific topics

related to the use of cognitive, functional, global, and neuropsychiatric scales were also presented.

Speakers also addressed academic and industry initiatives for pooling data from untreated and pla-

cebo-treated patients in clinical trials. A number of regulatory topics were also discussed with agency

representatives. Panel discussions highlighted areas of controversy, in an effort to gain consensus on

various topics.
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1. Introduction

Before 1984, consensus measures did not exist for diag-

nosing or assessing the progression of Alzheimer’s disease

(AD). Clinical trials were heterogeneous, inclusion criteria

were vague and various, and outcomes were idiosyncratic.

For example, diagnostic inclusion criteria comprised vague

entities such as organic brain syndrome, senile cognitive decline,
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or organic psychosyndrome. Outcomes included miscella-

neous clinician rating scales and various neuropsychological

subscales. In the early 1980s, there were attempts to arrive at

a consensus on criteria and measures. The National Institute

of Neurological and Communicative Disorders and Stroke

dAlzheimer’s Disease and Related Disorders Criteria for

Alzheimer’s Disease (also known as the McKhann criteria)

were proposed and immediately applied as inclusion

criteria in dementia trials [1]. Early clinical trial work with

physostigmine in healthy participants and in participants

with AD led to the development of the Alzheimer’s Disease
hts reserved.
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Assessment Scale (ADAS) as a cognitive-assessment instru-

ment and outcome, specifically for clinical trials [2,3]. Other

neuropsychological assessments were also developed for

trials at this time.

Early experiences in AD clinical trials led a United States

Food and Drug Administration (FDA) advisory panel in 1989

to recommend that AD clinical trials be at least 3 months,

preferably 6 months, in duration and use a standard cogni-

tive-assessment instrument and a clinician’s global assess-

ment as primary outcomes. As a result, the vast majority of

AD registration clinical trials have been 6 months long, and

used the Alzheimer’s Disease Assessment Scale-cognitive

subscale (ADAS-Cog) [3] as the primary cognitive outcome.

Over time, 6 months were considered insufficient, and trials

were lengthened to 12 months. Most of these trials targeted

participants with mild to moderate levels of AD severity.

Recently, with the increasing interest in disease modifica-

tion and the enrollment of participants at milder stages of

AD, AD clinical trials have been lengthened to 18 months.

Most trials still rely on the Mini-Mental State Examination

(MMSE) [4] and Clinical Dementia Rating (CDR) [5] for stag-

ing, the ADAS-Cog for cognitive outcomes, the Alzheimer’s

Disease Cooperative Study-Activity of Daily Living (ADCS-

ADL) [6] or the Disability Assessment for Dementia (DAD)

[7] for activities of daily living, the CDR or Clinician’s Global

Impression of Change (CGIC) [8] for global clinical measures,

and the Neuropsychiatric Inventory (NPI) [9] for assessing

behavior. However, the move toward 18-month trials presents

some significant technical issues, such as subject retention and

how to handle the increased number of dropouts [10].

Current outcome measures may vary greatly in the linear-

ity of decline over these longer trials, and in their relative

sensitivity to change across different strata of disease severity.

This raises questions about the scales used in trials to measure

progression, and about what should be considered a meaning-

ful difference in the ADAS-Cog and other measures. There is

also a perception that control groups are not deteriorating as

rapidly as they did in the 1980s and early 1990s on the scales

now used in trials, although no clear evidence exists for this.

One issue with current measures, including the ADAS-

Cog, involves the broad distribution of cognitive test scores

at baseline, even within a narrowly defined group such as

mild AD. Moreover, within-subject change is highly variable,

with considerable overlap in scores and standard deviations

between placebo and treated groups. Overall, the clinical de-

cline in patients in placebo groups may be relatively small

compared with the variability in patients, even in 18-month

trials, so it may be difficult to detect a drug treatment effect

if one exists. Irizarry et al., examining individual scores

over 6, 12, or 18 months, reported considerable participant

variation, wherein some deteriorated and some actually

showed improvement while on a placebo [11]. This variability

seems to increase over time, suggesting that for longer trials,

the data may produce greater deviations. In addition to be-

tween-subject differences, ADAS-Cog variability is com-

pounded by site-to-site and country-to-country differences.
2. Methodological issues in clinical trials

Cognitive scales are essential for AD clinical trials

because decline in cognition is the defining symptom. For

this reason, cognitive tests are generally given in phase 2

trials, and are a regulatory requirement in phase 3.

2.1. Measurement properties of cognitive tests

A good cognitive test or test battery for AD trials should

sample all major cognitive functions affected by AD, should

be sensitive over a range of impairment levels, reliable, and

valid, should have minimal floor and ceiling effects, should

be sensitive to longitudinal changes with minimal practice

(learning) effects, and should provide a composite measure

of overall performance. The test must also work in the real

world, and cannot overtax study participants. Information

on practice effects is important, and the availability of equiv-

alent forms for repeated measurements is necessary [12].

Perhaps what is most required in any cognitive test is con-

tent validity, or the extent to which the test actually measures

what it is intended to measure. Validity cannot be achieved

without good interrater reliability. Sensitivity over a range

of cognitive-ability levels is becoming increasingly impor-

tant as trials in cognitively normal people and people with

mild dementia become more common. There is a need to

improve psychometric properties in this regard. Test bias is

often not adequately addressed, and can be problematic,

especially when transferring tests to other languages or cul-

tures. Test bias, because of changing psychometric raters dur-

ing trials, is also a potential issue. It becomes increasingly

difficult to maintain rater consistency as trials become in-

creasingly longer.

The ADAS-Cog has been the gold standard for cognitive

assessment in clinical trials, but has some limitations. It does

not adequately measure certain domains, including delayed

memory, attention, and executive function. The Alzheimer’s

Disease Cooperative Study (ADCS) has improved upon this

by adding new tests that address those components [13]. In

addition, floor effects make it less useful for longitudinal

studies with severe AD. Instead, the Severe Impairment

Battery or Modified Ordinal Scales of Psychological Devel-

opment are often used [14,15]. At the other end of the

spectrum, more sensitive cognitive tests are needed for par-

ticipants with mild cognitive impairment (MCI). Primary

prevention trials may require a different set of tests to detect

very small changes in memory, typically the first domain

affected, at the normal end of the spectrum. Measurement

scales that can be conducted at home or over the phone would

also be advantageous.

An important factor in the implementation of cognitive

scales is that the numbers generated by the scale in question

are measurements of the central dependant variable (in the

context of assessing an AD patient, the variable would repre-

sent functional or physical states of the brain) on which clin-

ical decisions are based. Poorly chosen rating scales can
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jeopardize the success of a clinical trial. The core require-

ments for any scale are that: 1) the numbers generated are

linked to the measurements, and 2) the items on the instru-

ment are linked to the variable it intends to measure [16,17].

2.2. Analysis and interpretation of cognitive-scale data

Numbers do not directly translate to measurements unless

a theory or definition links the two. Old theories posit that

observed scores can be equated to true scores plus some error,

but this method has been difficult to test. Two new psycho-

metric theories, the Rasch measurement (RM) theory and

item response theory (IRT), attempt to correlate numbers

and measurements in a more robust fashion [18–22].

The RM and IRT articulate theories about the relationship

between numbers generated by rating scales and measure-

ments. These are complex theories and require sophisticated

software for analysis, but they deliver the type of measure-

ments clinical trials want and need in rating-scale data.

These two theories can provide information about the

scales and how they relate to the persons being measured.

Analyses show how items line up along a continuum, where

measurements can be improved, when response categories

are working or not, and when the scale and sample are mis-

targeted [23]. They indicate whether a measurement is stable

over time and across different samples. The analyses allow

‘‘item banking’’ or the addition of items to a single scale to

improve sensitivity.

The RM and IRT can impart significant information about

participants. For example, the relationship between raw

scores and linear measurements is almost always S-shaped,

i.e., a change of 10 points in the middle of the ADAS-Cog

involves about 0.6 units in the middle of the scale, but 21

units at the end. With RM and IRT, the curve is apparent

and can easily be followed. The RM and IRT also allow

direct comparisons of person measures. They can equate

across samples, identify whether people from different sam-

ples can be directly compared, and identify outliers.

2.3. Statistical analysis of trial data

Another important component that has evolved over the

years involves the methods for analyzing longitudinal data.

The selegiline/alpha-tocopherol trial published in 1997 [24],

for example,wasanalyzed basedonsurvivalendpoints, or a ran-

dom-effects model. Since then, analysis of covariance (AN-

COVA) [25] has been more frequently used, and the

generalized estimating equation (GEE) [26] and random-effects

modeling approaches were recently used to analyze psychomet-

ric data. Analysis of covariance is frequently used by imputing

missing data according to the last-observation-carried-forward

approach, whereas GEE and random-effects models assume

that progression can reasonably be modeled based on linear

changes over time, which may or may not be true.

Many factors can be weighed when choosing methods of

analysis, but perhaps the three most common considerations
are distribution of scale, the extent of missing data, and

design. The recent ADCS trial of nonsteroidal anti-inflamma-

tory agents (NSAIDs), which used ANCOVA, demonstrated

that ADAS-Cog has a good distribution of scale [27]. The

later homocysteine (HC) trial, using GEE, also demonstrated

good Gaussian distribution [28].

Dealing with missing data, however, has been an issue in

most neurodegenerative trials. In both the NSAID and HC tri-

als, there was a 20% dropout, but the HC trial continued for

18 months, whereas the NSAID trial was 1 year in duration.

In terms of trial design, models such as GEE have the advan-

tage of providing a formal approach to deal with missing

data. Traditionally, AD trials have defined their primary anal-

yses in terms of baseline and final data points, while ignoring

intermediate data. Alternatively, modeling approaches such

as GEE use all of the data and deal with dropouts in a rational

way, without requiring an imputation of missing values. The

GEE also handles correlation structure, i.e., changes in scales

and variance through time, and the within-subject relation-

ship between test scores over time. One drawback of GEE,

however, is its requirement of a ‘‘missing completely at ran-

dom’’ assumption. This assumption requires that missing

data and dropouts be independent of all data, observed and

unobserved. This is a step down from ‘‘missing at random’’

(MAR), which allows missing data to be dependent on

observed data. The MAR assumption allows for a differential

dropout between treatments. Random-effects models require

a MAR assumption, which is an advantage, although ran-

dom-effects models also require that a correlation structure

be specified a priori, which can be challenging.

Some additional considerations are becoming increas-

ingly important. Floor and ceiling effects are becoming an

issue as more severely and less severely affected populations

are being followed [29]. This was apparent in individual

‘‘spaghetti’’ plots in the selegiline trial, which showed that

in the severe group, the data reached a plateau at the bottom

end of the scale for some participants. Nonlinearity is also

becoming a concern as trials are conducted over longer and

longer follow-up periods. The placebo group might follow

a linear regression, for example, but the treatment arm might

be biphasic. In fact, both the NSAID and the HC trials sug-

gested nonlinearity, although linearity still seems the best

fit [30]. Linear splines may be one strategy for dealing with

nonlinearity. In linear splines, data are modeled to a series

of linear lines, each jointed at the various assessment visits.

Otherwise, using an ANCOVA method that focuses on

final-visit endpoints may be the best option.

2.4. Assessment settings in clinical trials

For large-scale prevention trials, there are obvious advan-

tages to conducting cognitive testing in the home rather than

in clinical settings, especially in rural communities. In-home

assessment may result in a more representative population

sample, better retention, and lower cost, but there are chal-

lenges, including the assessment itself, data capture and
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remote data collection, and the general need for and imple-

mentation of new technologies. The most important question

concerns whether in-home assessment will be embraced by

study participants.

The Home-Based Assessment Trial is an ongoing study

aimed at testing the feasibility of in-home testing [31,32]. It

involves three different data-collection methods: mail-in

with live telephone backup; automated telephone, using in-

teractive voice recognition software; and computer-based.

The protocols focus on several domains, including cognitive,

functional, global, behavioral, quality of life, and pharmacoe-

conomic. The trial will evaluate the instruments and measure

medication adherence, in this case using a vitamin capsule.

This 4-year trial includes individuals aged 75 years and older

who are not demented, who do not have any neurologic or

neurodegenerative disorder, and who are not on prescription

cognition-enhancing drugs. The participants are living inde-

pendently, which for the purpose of this study means that

they have control over their mail, telephone, and computer.

Its design also ensures that 1 in 5 participants are from a

diverse population or minority group. Trial sites are required

to perform assessments and in-home visits, to ensure the best

recruitment and retention. The study was designed to enroll

600 participants, but a small pilot study was conducted first

to assess feasibility and to develop standard operating proce-

dures. The pilot trial also measured how efficient the full trial

might be, i.e., how often participants needed telephone help

or a site visit to deal with their computer kiosk.

Recruitment for the pilot showed some surprising reasons for

nonparticipation, including the size of the computer, fear of

having strangers in the home, or unwillingness to switch from

their current vitamin regimen. Of 60 individuals, only 48

were randomized, and 9 dropped out. Seven of those dropouts

were in the computer arm, suggesting that the technological

aspect might have been more intimidating than first imagined.

The computer kiosk was most intensive in terms of train-

ing, but training seemed to be retained. Cognitive assess-

ments demonstrated good test-retest reliability between

baseline and 1-month assessments. According to the overall

impression, participants were not as enthusiastic about tech-

nology in their home, and training took longer than antici-

pated. At the time of preparation of this paper, the full trial

had screened 289 subjects and randomized 245. More than

half were aged over 80 years, and their level of education

was fairly high.

2.5. Cultural issues in cognitive testing

Cognitive testing does not always translate across cultures

or geographic boundaries. One question of importance to

‘‘low-and-middle-income countries’’ concerns whether clin-

ical tests from developed nations translate across cultural and

socioeconomic boundaries. In assessing that question, there

are both cultural and methodological boundaries to consider.

Different cultures may regard memory loss in different ways,

and not all may think of it as a disease. For that reason,
dementia may not be treated equally or reported in all coun-

tries. Likewise, not all methodologies will be equally applica-

ble throughout the globe. Predictions suggest that by 2040,

71% of people with dementia will be in developing countries,

so it is imperative that we learn more about the disease in

those populations [33].

Even if dementia were to be reported equally across coun-

tries, cross-cultural issues remain in terms of measurement.

Appropriate instruments are not available in many local lan-

guages, or measures may not be culturally validated, such

that measurement characteristics (e.g., reliability, sensitivity,

and specificity) may change across populations. Often, local

norms are nonexistent, as are norms for people with little or

no formal education. Because of all these uncertainties, com-

paring studies in different countries is fraught with problems.

Scores may not necessarily be comparable. An MMSE score

of 23 may represent very different levels of impairment in

different populations.

Terms such as ‘‘culture’’ are used in different ways.

Cultural differences are often invoked with regard to studies

carried out within a given country’s ‘‘ethnic minorities,’’ but

a minority in one country could be the majority in another. In

cross-cultural studies, equivalence of assessment is the goal.

The measure should tap into the same cognitive domain in all

populations.

Language and linguistic structure may heavily influence

testing ability as well. A reading measure that was devised

in English, and that relies on nonphonetic spelling, may not

translate well into Spanish, which is spelled phonetically,

and even those with little formal education can read as well

as those with high school degrees. Other languages have dif-

ferent grammatical structures that make ‘‘translating’’ tests

difficult. In English, for example, the MMSE requires only

a verb and a subject for sentence construction. This require-

ment would not make sense in a language such as Japanese,

which requires noun modifiers for a full sentence.

An Indo-American study that tested participants in Pitts-

burgh and Ballabgarh, India, exemplified some cross-cultural

problems [34]. A large proportion (75%) of the population-

based sample in India was illiterate, and could not read a writ-

ten word list. The list had to be read aloud to them, thus

changing a test condition. The test group had little difficulty

with category fluency. However, they could not perform

initial letter or phoneme fluency tasks. These tasks require

words to be thought of as having an initial sound, which is

a meaningless concept for illiterate individuals. Standard

naming tests were problematic because the volunteers were

not accustomed to two-dimensional graphic representations.

They could, however, name objects without difficulty.

Visuospatial tasks involving drawing or copying were virtu-

ally impossible for older adults who had never previously

held a pencil. An alternative visuospatial task, such as arrang-

ing sticks in a particular pattern, is feasible, as demonstrated

in a Nigerian study [35].

Merely translating a test into another language will not

deliver a valid measurement, nor should trial investigators
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be asked to translate all or parts of a scale, as is often the case.

Test modification and development in different cultural set-

tings are necessary, and for cross-cultural studies, equiva-

lence and harmonization are essential for making

meaningful comparisons. Ideally, a cross-national study

should be designed from its inception to be reliable and valid

at all sites at which it will be conducted, rather than letting

different sites use different tests or different versions (other

than translations) of the same tests. Tests should also be cali-

brated according to appropriate norms for each population.

2.6. Panel discussion points

� How different are RM and IRT? In IRT, one seeks to

model the dataset, and if data do not fit the model, the

model is changed to fit the data. In RM, the idea is to

stay with the model and seek to understand why data

do not fit the model. This is because the RM has very

specific mathematical properties.

� Fixed instrument versus one that is inherently flexible:

for example, if ADAS-Cog did not fit the RM model, it

would be possible and permissible to adjust the task

until it did. This raises the possibility of adding items

that potentially increase sensitivity across a very broad

spectrum, e.g., from individuals with AD to college stu-

dents, and then focusing on a subset in a trial.

� No change versus inability to measure change in a par-

ticular domain: in trials where scores are not changing,

for example, is the wrong scale being used? Is the

domain really changing and not detected by the mea-

sure, or is there really no significant change?

3. Cognitive scales

Cognitive decline is a nonlinear continuum from normal

through MCI to dementia. Where one sits on this continuum

may therefore determine the sensitivity of a cognitive mea-

sure. In the ADCS MCI Trial, for example, placebo groups

did not change much over 36 months according to both

MMSE and ADAS-Cog/13 item version [36]. Those who

were APOE 34-positive did show greater change. Similarly,

in the Alzheimer’s Neuroimaging Initiative (ADNI), MCI

participants showed little change in ADAS-Cog over 12

months, with a fair amount of variability from participant

to participant. Very little annual change was evident on the

CDR scale and in ADNI MCI participants (about 0.7). In

ADNI, the Auditory Verbal Learning Test also indicated little

movement [37], but with substantial variability among partic-

ipants, which translated into very little differences among

groups, whereas individual changes were apparent. Data

from the National Alzheimer’s Coordinating Center Uniform

Data Set for amnestic MCI also showed that CDR and

MMSE findings did not change much over 1 year [38]. How-

ever, the community-based Mayo Clinic Olmsted County

Study of Aging showed that raw scores of measurements in
several domains, observed over 12–15 months, resulted in

a deterioration of memory in amnestic MCI participants

[39]. In language, category fluency showed some loss, as

did the Trail Making Test-B of executive function and the

block design test of visuospatial memory. Normalized

data, however, resulted in little change in four domains

(memory, language, attention, and visuospatial memory)

over 12–15 months.

These four different datasets suggest that in mildly im-

paired participants, there is very little movement in these

scores, at least over the relative short term. Individual indices,

and enriching populations with specific genotypes or imag-

ing data, may offer a better picture. Computerized testing

may also allow for mild changes in cognition to be captured,

by measuring chronometric components of cognition.

The ADAS-Cog was originally an 11-item test [3]. There

were several subsequent additions that may or may not be

used [13,40]. The Neuropsychological Test Battery (NTB)

is an attempt to address areas of function that are believed

to be ignored or poorly measured by the ADAS-Cog [41].

The six commonly used tests (three of memory, and three

of executive function) of the NTB have actually been used

for decades, so there may be an opportunity to capitalize on

more recent advances.

Current scales of cognition (e.g., ADAS-Cog and NTB) in

clinical trials tend to use composite scores [41]. They avoid the

statistical difficulties of dealing with multiple individual test

scores. However, regulatory requirements do not always insist

on composite scores. Measuring key areas of cognition sepa-

rately may be more informative, and should be considered.

Factor-structure analysis can reveal some interesting char-

acteristics of these composite tests, and may provide princi-

pled statistical support for the grouping of test measures

into separate cognitive domains, such as episodic memory,

working memory, and attention [42]. Combining measures

in this way represents a helpful methodology for assessing

drug effects in different cognitive domains, while precluding

the necessity to analyze all outcome metrics from the selected

tests. But there is one important caveat: a recent analysis sug-

gested that a factor structure apparent at baseline may not

hold up over time in participant groups. This is a major issue

to be considered if factor analysis is to be used as a way of

grouping outcome measures. One possibility is that with

more extensive training before the test is used in a trial situ-

ation, the factor structure might be more stable. Averaging

two or three measurements administered during a baseline

period might induce more stability.

Ceiling and floor effects are also a concern with ADAS-

Cog in clinical trials of MCI and mild AD. In MCI, for exam-

ple, a majority of participants with amnestic MCI had scores

of zero in 9 out of 11 ADAS-Cog tests [43]. This affected the

assessment of practice effects. Participants continually dem-

onstrating ceiling effects can make it more difficult to detect

practice effects. Understanding practice effects is crucial for

trials, because practice effects can obscure the true rate of

decline in placebo groups. The NTB, on the other hand, is
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more sensitive to participants with mild disease, and reduces

the variability in neuropsychological test scores by using

a prebaseline exposure to tests to induce stability.

The Repeatable Battery for the Assessment of Neuropsy-

chological Status (RBANS) is another cognitive test that is

relatively simple to administer, has minimal practice effects,

and seems sensitive in MCI and mild-AD participants [44]. It

measures immediate and delayed memory, attention, lan-

guage, and visuospatial/constructional domains. It can be

administered in 20 to 25 minutes, and was translated into

and validated in multiple languages [45]. The RBANS has

not been used in large, published AD or MCI clinical trials,

but was shown to detect interventions in traumatic brain

injury and schizophrenia trials [46,47]. This scale could be

useful in AD clinical trials, but has not been compared

directly with ADAS-Cog.

Some properties of RBANS that add to its suitability as an

outcome measure, above and beyond tests such as ADAS-

Cog and NTB, include:

� Population-based norming, with understandable scal-

ing (mean, 100; SD, 15);

� Routine use in clinical diagnostic work, creating a link

between clinical practice and clinical trials; and

� A global score composed of distinct neurocognitive do-

main scores (memory, attention, language, and visuo-

spatial), allowing for post hoc exploration of effects.

Another approach to be considered for large trials entails

computerized testing, which has many advantages, including

easier data capture and validation, better standardization, en-

hanced reliability, automated scoring, and greater precision

[48]. Computerized testing makes it possible to capture

unique data that cannot be collected by other means, and

that may be more sensitive to cognitive decline (e.g., reaction

time, adaptive responses, speech files, and repetition effects).

Computers can also assess practice effects, and may even al-

low them to be used in analyses. Computer-based testing,

however, involves some obstacles. These include cost, tech-

nical maintenance, the need for specialized training, barriers

to acceptance, and generalizability. Some computerized tests

are proprietary and may contain limits on the extent to which

specific tests may be modified for the specific needs of a trial.

Several computerized tests were described in the litera-

ture, and may be suitable for measuring cognition (Table 1)

[49–59]. These tests vary considerably in terms of their

domains, types of interface used, age groups, populations

(e.g., AD or MCI), and number of volunteers on whom the

tests were validated. In regard to how these may be developed

in the future, efforts are underway to compare computerized

tests with ‘‘legacy’’ tests, to use more automated assessments

in-home, to take advantage of the unique aspects of

computer-based testing to identify special properties of

drugs, and to develop new testing paradigms.

In developing new or improved scales, the AD community

may be able to capitalize on the experience of those working

on diseases that affect cognition. In schizophrenia, cognitive
function is a better predictor of functional performance than

‘‘positive’’ symptoms (e.g., hallucinations or paranoia), and

this may be relevant to people with MCI who, although

cognitively impaired, seem to have normal function [60].

Measuring performance in MCI participants may bring out

subtleties that have not been appreciated. In fact, using the

University of California San Diego (UCSD) Performance-

Based Skills Assessment [61], a relationship was revealed

between cognitive scores and function in MCI participants.

4. Functional scales

Loss of function is a key component of the diagnostic

criteria for AD, and is often one of the primary endpoints

in clinical trials, usually in regard to activities of daily living.

Several functional outcome scales are currently being used in

AD trials, including the DAD [7], ADCS-ADL [6], AD Func-

tional Assessment Change Scale, Interview for Deterioration

in Daily Living Activities in Dementia, and Progressive De-

terioration Scale. Most of these are heavily influenced by

informant reports. The most commonly used are the DAD

and the ADCS-ADL, which address similar constructs, al-

though their scoring may involve slightly different emphases.

Several clinical trials of compounds for AD used func-

tional scales, and the most successful treatment for mild to

moderate AD showed a stabilization of functional scales

over 12 months [62]. In moderate to severe AD participants,

an accelerated decline may occur in placebo groups, but floor

effects have not been observed. Thus, the scales are valid,

even at fairly low MMSE scores [62].

Current scales are known to exhibit different rates of

change in AD. Moreover, they may not be ideal for very early

disease stages. In fact, the suggestion was made to remove the

functional decline requirement from the diagnostic criteria

for prodromal AD and replace it with a biomarker require-

ment, such as cerebrospinal fluid measurements or brain

imaging [63]. In terms of early diagnosis, the DAD scale can-

not predict progression to AD, but the social and occupa-

tional domains of the Functional Rating Scale may have

some predictive value [64]. Overall, however, existing scales

may overemphasize instrumental and basic activities, and in-

adequately test social function.

Table 1

Commonly used computerized cognitive tests

ANAM [49]

CANS-MCI [50]

CANTAB [51]

CNS Vital Signs [52]

CNTB [53]

COGDRAS-D [54]

CogState [55]

Cognitive and Stability Index (CSI) [56]

MCI Screen (MCIS) [57]

MicroCog [58]

Mindstream [59]
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The ADCS-ADL was a product of the ADCS instrument

study [6]. Originally 45 ADLs were investigated and pre-

tested to see if they were rigorous enough to withstand the

criteria demanded of a routine test [65]. The ADCS-ADL

eventually included a series of questions that covered 23

activities with graded responses, so that gradual transitions

in performance could be detected. Total scores range from

0 to 78, and they correlate with dementia severity according

to the MMSE. Score decline was measured over a 12-month

follow-up period, and an ‘‘inverted U’’ effect was evident.

This was also the case for ADAS-Cog, in that change is

more gradual in the mildest and severest cases. The ADCS-

ADL was implemented in galantamine and homocysteine

studies, and seems to track functional decline sufficiently

for use in clinical trials. It depends on information from an

informant, however, and thus has an inherent degree of

variability and subjectivity.

The ADCS-ADL was modified to suit MCI cohorts by

selecting items that are most sensitive to change in the mild-

est AD patients. The modified scale, with 18 items and a score

ranging from 0 to 54 [36], was used in the ADCS MCI trial.

Initially, over 90% of participants (n 5 769) had top scores

on 10 of 18 items, whereas the other eight items seemed to

be more sensitive to some sort of baseline impairment.

Over the 36 months of the trial, 222 conversions to AD oc-

curred. Those who converted showed further decline in those

eight items that indicated impairment at baseline. Converters

also showed decline on the remaining 10 items, whereas non-

converters showed no overall decline.

The concept of MCI originally held that mildly impaired

people would exhibit cognitive decline, but undergo no

change in daily function. However, minimally impaired inde-

pendent activities of daily living (IADLs) were suggested for

inclusion among the consensus criteria for amnestic MCI

[66], notwithstanding that specific IADL performance in

this group is not well-characterized. It is possible that some

threshold of cognitive decline must be reached before declines

in daily function become evident. However, the sensitivity of

the instrument used to measure functional impairment will

play a role in whether such problems are detected or not.

Many of the available functional scales were designed to be

relevant to dementia, but may not be applicable to MCI. For

instance, individuals with MCI may still be able to shop inde-

pendently, but have problems in remembering shopping

items, finding the car in the parking lot, or efficiently planning

a sequence of stops in a shopping routine. A number of studies

using instruments sensitive to subtle problems in daily func-

tion did, in fact, show that MCI is often associated with

mild functional impairments [67].

Importantly, recent evidence suggests that in people with

MCI, mild problems in functional abilities at baseline are

associated with more rapid disease progression [68] and

a greater risk of conversion to dementia [69,70]. Moreover,

particularly in individuals with low levels of education or

from an ethnic minority background, measures of functional

impairment may actually be a better predictor of subsequent
disease progression than baseline measures of cognitive

function. This may be the case because functional measures

tend to be less affected by background or demographic

factors than neuropsychological tests, which can be strongly

influenced by factors such as education.

Given that functional changes in mildly affected individ-

uals with MCI yield valuable information, which aspects of

daily function should be measured in these people? In this

group, IADLs seem much more affected than ADLs. In one

recent study [71] of 18 ADCS-MCI-ADLs, 14 (particularly

those with a strong memory component) differentiated indi-

viduals with MCI from control participants. Other approaches

may involve applying cognitive models to better define real-

world situations of cognition, breaking down component

parts that make up IADLs, targeting processes that underlie

aspects of activity performance, and indentifying early diffi-

culties that precipitate more global dependencies in IADLs.

Other approaches may involve the completion of daily jour-

nals or activity logs by informants or participants, or the use

of computerized technology. But can a more sensitive test

be developed to better detect subtle functional changes in

mildly affected individuals?

The Everyday Cognition Scale (ECog) measures every-

day manifestations of cognitive impairments in six different

domains, including memory, language, visuospatial skills,

planning, organization, and divided attention. It has been

used in clinical trials. It differentiates clinical groups well

(i.e., normal, MCI, and dementia), with a good range in

each group and no appreciable ceiling or floor effects, partic-

ularly in MCI. The effect size between normal and MCI

is about 0.5 to 1.0 standard deviations. Between MCI and

dementia, the effect size doubles [67]. Different subtypes of

MCI also show different patterns of performance on ECog

[72]. To cite another advantage of ECog, it appears to be

largely independent of educational level and ethnic status.

Other functional scales that may be useful in MCI popula-

tions include the Informant Questionnaire on Cognitive

Decline in the Elderly [73], the Functional Capacities of

Daily Living [74], the Functional Assessment Questionnaire

[75], and the AD8 Dementia Screening Interview [76].

The relationship between cognition and functional impair-

ment is crucial. Not only do diagnostic criteria rely on func-

tional impairment, but if the cognitive components that

underlie functional impairment could be identified, it may

be possible to target interventions directly to those compo-

nents, and to better predict who is at future risk for functional

decline. To address this aspect, it is worthwhile to study

cognitive and neuroimaging correlates of IADLs.

Some cross-sectional and longitudinal studies examined

these relationships. Many cross-sectional studies indicate

that executive function more accurately predicts IADLs

than any other area of cognition [77]. Executive function

was also much more predictive than demographic variables

such as age, education, or health status [78]. Many studies

also showed that memory is a significant predictor of IADLs,

although there was significant variability in those studies
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[79,80]. In terms of neuroimaging correlates, cross-sectional

studies suggest that in some disorders, white-matter disease

(subcortical hyperintensities) accounts for significant vari-

ance in ADLs [81–83].

Longitudinal studies support cross-sectional data on

executive function, with many studies showing that execu-

tive function predicts decline in ADLs over several years in

vascular dementia [84]. A recent study of several parameters,

including executive function, memory, and neuroimaging

correlates (hippocampal volume, white-matter hyperinten-

sities, and cortical gray-matter volume), found that although

memory and executive function were associated with base-

line IADL scores, only executive function was independently

associated with rate of change in IADLs [82,85]. In regard to

neuroimaging correlates, both hippocampal and cortical

gray-matter volumes were associated with baseline IADL,

but only hippocampal volume was associated with IADL

change. When psychometric and imaging analyses were

combined, only executive function accounted for a significant

portion of variance in future daily function.

4.1. Panel discussion points

� Informant versus participant reporting: which is better?

Consensus indicates that when informant and partici-

pant scores diverge, the participant is more likely to

convert to AD.

� Social function versus ADL: capacity for social interac-

tion, confidence in social settings, and other criteria

should also be considered.

� How relevant are these measures to drug development?

Are subtle differences in different scoring systems rele-

vant, given that acetylcholinesterase (AChE) inhibitors,

for example, have such small effect sizes? Is it likely that

we will want drugs with even less of an effect size, or

one that treats only one domain? Are subtle functional

measures likely to be useful from the perspective of

drug development, or can industry ignore them?

� Better diagnosis: functional measures may lead to better

and earlier diagnoses, which could be important for ear-

lier treatment and earlier labeling.

5. Neuropsychiatric scales and global ratings
in clinical trials

Although AD is seen primarily as a cognitive disorder, it

can also cause neuropsychiatric symptoms that may, in fact,

be the most treatable. In people with AD, the lifetime risk of

developing some type of psychopathology is 100%. Psychi-

atric symptoms run the gamut and include psychosis, depres-

sion, agitation, aggression, and anxiety. Neuropsychiatric

symptoms have a major impact on the person with AD and

on caregiver quality of life. As well as leading to earlier insti-

tutionalization, they indicate more rapid cognitive decline

[86]. ‘‘Mild behavioral impairment’’ may herald the conver-

sion from MCI to AD.
Although there are consensus criteria for some of these

syndromes in AD, such as psychosis and depression, these

constructs have not been validated. Measuring psychiatric

symptoms in people with AD depends on multiple factors,

e.g., the target population (normal controls, MCI, or AD

participants), their psychiatric status at baseline, and the

objective of the study (to diagnose, characterize, or assess

change). In intervention studies, it is important to have a

behavioral hypothesis in mind, e.g., is psychopathology to

be relieved, prevented, or delayed? Although regulatory trials

tend to focus on statistically significant between-group differ-

ences for approval, there is also a need to better inform

clinical practice and assess clinical significance in terms of

incorporating global scales as adjunct measures, including re-

sponders’ analyses, and considering a broader range of alter-

native trial designs (e.g., survival to switch/discontinuation),

and including better measures of caregiver’s impressions.

For AD, focused as well as more general scales are in use.

The Cornell Scale for Depression in Dementia and the

Cohen-Mansfield Agitation Inventory are examples of the

former. General scales include the Brief Psychiatric Rating

Scale [87], the Revised Memory and Behavior Problems

Checklist [88], the Multidimensional Observation Scale for

Elderly Subjects [89], the Behavior Rating Scale for Demen-

tia (BRSD) of the Consortium to Establish a Registry for

Alzheimer’s Disease [90,91], the Psychogeriatric Depen-

dency Rating Scale [92], and the NPI [9]. The most compre-

hensive are the Behavior Rating Scale for Dementia and the

NPI. The simplest is the Psychogeriatric Dependency Rating

Scale. The NPI is most widely used at present, despite its

major limitation of not accounting for rater judgment.

The AD trials in which neuropsychiatric symptoms were

the main focus include studies of antipsychotic drugs (e.g.,

carbamazepine [93], risperidone [94], and quetiapine [95]),

drugs with putative neuroprotective effects (e.g., valproate)

[96], and cholinergics (e.g., galantamine) [97]. Although

several scales were used to demonstrate efficacy in clinical

trials, the selection of a neuropsychiatric scale depends on

what one wants to measure. Is the issue a characterization

of behavior at a given point or points in time, a need to estab-

lish the presence or delay of a particular sign or symptom, or

the need to assess change after an intervention? Critical meth-

odological issues will influence choice, including target

population, behavioral hypothesis (e.g., symptom reduction

or secondary prevention), feasibility considerations, whether

subjective or caregiver distress is to be measured, and sources

of information (Table 2). Reduction in scale scores after an

intervention may reach statistical significance, but still leave

open the question of clinical significance. Thus some inves-

tigators may rely on global clinical impressions to address

clinical meaningfulness. The literature provides many exam-

ples of different uses and approaches. For instance,

effectiveness outcomes were used in the Clinical Antipsy-

chotic Trial of Intervention Effectiveness study for Alzheim-

er’s Disease (CATIE-AD) trial as another means of

addressing methodological issues [98].
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What about prevention studies? A secondary outcome in

a galantamine trial suggested that, according to the NPI, the

emergence of behavioral symptoms might be delayed in

participants taking drug versus placebo, suggesting that sec-

ondary prevention for psychopathology is possible [99]. The

issue becomes whether one can reliably measure emerging or

incident psychopathology. Currently, the ADCS Valproate

Neuroprotection Trial is asking just that question, using as

an endpoint a threshold in a modified version of the NPI

that must be reached and maintained over a period of weeks,

in association with a clinician’s assessment that the NPI

change is clinically significant during that time.

Scales must be chosen to suit the domain to be measured.

One may want to measure the presence or absence of any
behavioral domain, or the presence or absence of a specific
domain. One example of neuropsychiatric measurement in

a community setting is the Cache County Study in Utah of peo-

ple aged 65 years and older [100]. Based on the NPI scale, over

a 5-year period, the prevalence of neuropsychiatric symptoms

in this population increased, such that 90% of the population

had at least one symptom, and the symptoms were worsening.

Using a cutoff of 10 on the NPI as a baseline, for example, 70%

of people had an NPI greater than 10 after R3 years.

Table 2

Methodological issues to consider in measurement of behavior

What is the target population?

Normal MCI, dementia, specific dementia diagnosis (severity

will matter)?

With/without psychopathology at baseline?

Setting?

What is the objective of the study?

Characterization of behavior

Establish presence/absence of any behavioral domain

Establish presence/absence of specific behavioral domains

Assess change after intervention

For interventional study: what is the behavioral hypothesis?

Relief of psychopathology once present

Secondary prevention/delayed onset of psychopathology

Primary prevention

Does the scale address domains of interest?

What are its psychometric properties and extent of data in populations of

interest?

Does it rate frequency?

Does it rate severity (although this is subjective)?

Does it rate degree of disruptiveness/distress (subjective)?

What is the relevant time window?

What are the sources of information: observation, interview, informant?

Are informant qualifications specified?

What are the rater qualifications?

Are there adequate training materials?

What are the feasibility issues?

How reliable is the scale?

How sensitive is the scale?

Are there validity data?

What is the study duration?

What is the frequency of visits?

Are behavioral data available by telephone, internet, survey?

Is it clear how to analyze?

For example, NPI: total, item-by-item, reduction in symptom present,

remission of symptom present, emerging symptom.
Why have drugs for neuropsychiatric symptoms in AD

not fared so well? Perhaps the wrong symptoms are being

targeted. Better measures may help address this problem,

and measures that can function in both broad and narrow

spectra would be ideal. One possibility a clinician-rated

NPI measure (the NPI-C) [101]. This is being developed by

a 14-site international collaborative. It preserves and expands

some key domains, and also adds new ones, to provide depth.

5.1. Global assessments

Global assessments have long been considered the ulti-

mate test of a drug’s antidementia effects, and though that

may be true, not all clinicians agree with that sentiment. Nev-

ertheless, global assessments play a crucial role in the diagno-

sis and staging of dementia, in assessing disease progression,

and as outcome measures in clinical trials. Most global

assessments require a skilled clinician, which can be both

an advantage and a disadvantage (the tests can be time-con-

suming). Most are also based on interview with the person

being diagnosed and/or a knowledgeable informant, and

the critical point is an ability to judge change in function

over time. The scales also have the benefit of assessing

multiple domains, i.e., not just cognition and function, but

behavior as well, and they were developed to be independent

of other data, including neuropsychological measurements.

The main advantage of global scales involves their assess-

ment of intra-individual change, i.e., how a particular indi-

vidual has changed relative to previous abilities. Because

the scales use individual participants as their own controls,

they are not influenced by comorbidities, experiences, level

of education, or cultural differences. They also avoid floor-

and-ceiling effects. However, global scales pose some disad-

vantages. The interview can be time-consuming, informants

can be unreliable or even unavailable, and the scales require

judgment.

Global scales can be divided into those that are standard-

ized and semistructured, and those that are individualized.

The latter include the Clinician Interview-Based Impression

of Change (CIBIC) and the CIBIC-Plus [102,103], which in-

cludes an informant interview. The CIBIC is the based on the

underlying idea that if a clinician can detect a change, then it

must be clinically meaningful. The individualized outcome

measures have good face validity. With the CIBIC, there is

not much reliability between physicians, and the test has

proven hard to standardize. The ADCS-CGIC has more

structure than the CIBIC [8]. It also has good test-retest

reliability and predictive validity.

The Clinical Dementia Rating (CDR) is the most struc-

tured, and has good interrater reliability [5]. It is sensitive

to even small degrees of clinically meaningful change, with

changes paralleling psychometric scores. The CDR can be

turned into a slightly more quantitative measure by using

the ‘‘sum of boxes’’ (SB) approach, which basically turns

the scale into a 0-to-18 scale by rating each of six domains

as 0, 0.5, 1, 2, or 3, with higher scores indicating more
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impairment [104]. The CDR-SB is very sensitive and is pre-

dicted to be equal in power to many neuropsychological mea-

sures, but at smaller sample sizes [105]. For example, the

CDR-SB showed a significant deleterious effect in the

ADCS Estrogen Trial, whereas the MMSE, ADCS-CGIC,

and ADAS-Cog all showed trends [106]. The CDR, which

was translated into several languages, is being applied in

multicenter trials such as ADNI and the ADCS, and was

also incorporated into the National Alzheimer’s Coordinating

Center Uniform Data Set package. This database will follow

people longitudinally, and the CDR is part of the analysis.

Goal attainment scaling (GAS) is another individualized

global measure [107,108]. A goal could be the adjustment

of some behavior, such as repetitive questioning. In some

cases, reducing repetitive questioning by 20% might be

seen as a big improvement, but if the caregiver or person

affected by AD thinks it is not good enough, then the individ-

ualized measure takes that into account. A GAS score is

based on a mathematically calculated increase or decrease

from a baseline score, set at 50. Scores higher than 50 indi-

cate improvement in one or more goals, and a score of less

than 50 indicates deterioration. Goal attainment scaling can

pick up longitudinal changes that are not captured by the

ADAS-Cog or CIBIC-Plus.

Goal attainment is particularly important to patients and

caregivers, and very often a group of goals is connected, i.e.,

when one behavior improves so does another, or when an in-

dividual reports one behavior, another is usually also reported.

These connections can be graphed, and may provide valuable

information about an individual’s behaviors and what is

important to them. A recent web-based interview-assessment

study showed that repetitive questioning, language difficulties

(such as linguistic expression and word-finding difficulties),

social interactions/withdrawal, misplacing objects, and tele-

phone use were among the most connected behaviors [109].

For example, those symptoms that are most highly connected

often improve or deteriorate in concert.

Recent trial data show that GAS scores can detect

improvements in people taking galantamine [110]. For repet-

itive questioning, 70% of participants showed improvement

over 16 weeks, versus only 27% of participants on placebo,

and many more of the controls showed deterioration (30%

versus 10%).

There may be ways to improve on current global scales.

They could be modified to include assessments of people’s

quality of life and ‘‘behavioral competence,’’ and the mea-

surement properties of current scales could be better defined.

Furthermore, several scales in current use make standardiza-

tion difficult. Adopting a single instrument would aid in

comparisons of antidementia drugs.

Many global studies rely on patient-reported outcomes

(PROs), which, from a therapeutic perspective, are a direct

measure of treatment benefit. This is one reason for the growing

interest in PROs recently. However, in AD as in other demen-

tias, the participant may be a poor informant, and as a result, the

PRO may not be accurate. The FDA has released a draft guid-
ance document for industry on the use of PROs to support

labeling claims [111]. Label claims should be supported by

‘‘substantial evidence’’ based on adequate and well-controlled

investigations. Those investigations should have appropriate

methods for assessments of outcome that are well-defined

and reliable. The most important concept in the draft guidance

states that measurements should begin with the goal in mind.

After a treatment-benefit claim is identified, an appropriate

instrument can be developed to justify that claim.

The conceptual framework of an instrument is crucial.

This conceptual framework is not a complicated entity, but

a simple description of how each item relates to and contrib-

utes to the score and to other items in the instrument. The

concept can be improved and validated over time, until the

instrument is capable of measuring the intended concept.

Crucial to this are content validity (i.e., the items and

domains measure the intended concepts as outlined in the

concept framework), reliability, construct validity, and an

ability to detect change. Validity is not absolute, because it

often depends on the population under study, disease sever-

ity, and clinical design setting.

To help with the development of instruments, one can

reference the FDA Target Product Profile (TPP), a guidance

document for both industry and review staff [112]. The TPP,

or development plan summary, is designed to smooth the

process of developing instruments by fostering communica-

tion between the regulatory agency and product sponsor early

in the development process. A well-developed TPP can facil-

itate communication by providing the proper context for

discussion in terms of labeling goals.

The FDA and industry are also working on a consortium

approach to outcome-measures development. The PROLa-

bels database (http://www.mapi-prolabels.org/) was devel-

oped to provide easy access to the PROs included in the

approved labeling of products in Europe and the United States

[113]. The PROLabels database is a unique online tool for

collecting information on medical products that have received

a PRO labeling claim from the FDA and/or European Medi-

cines Agency (EMEA). It was codeveloped by the Mapi

Research Trust (Lyon, France) and Mapi Values (Boston,

MA) in 2006. The PROLabels updated database of 2008 pro-

vides a clearer picture of the use of PROs to assess patients’

treatment benefits. In addition, it facilitates comparisons

between United States and European regulatory agencies.

5.2. Panel discussion points

� Goal attainment scaling from a regulatory perspective:

because GAS is individualized, will it satisfy regulatory

agencies? There is no regulatory experience with those

scales, so their appropriateness needs to be addressed.

In theory, GAS appears to be a good idea.

� Value of informants in global assessment: the CIBIC

was designed to avoid the need for an informant, but

that is hard to achieve in clinical practice. That is why

http://www.mapi-prolabels.org/
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the CIBIC-Plus was introduced. Informants have a

tendency to constrain the clinician’s assessment of the

person affected by AD.

� Behavioral symptoms: to what extent are these symp-

toms different in AD than in non-AD settings, and

how can one decide whether a specific claim for AD-

related behavioral symptoms is appropriate? This issue

may be resolved on a case-by-case basis, and may rely

on how much is known about the pathology that leads

to the symptom. Dementia in Parkinson’s disease

(PD), for example, may appear similar to AD, but if

a drug can treat it by attacking the underlying pathology

of PD, then there may be justification for a claim of

PD-specific dementia. According to the general regula-

tory perspective, to grant a claim for a specific symptom

that occurs in a larger clinical context, there must be

something specific about that symptom.

� Are behavioral symptoms the core features of a disease?

That question is debatable, because not every person

affected by AD manifests behavioral symptoms. Be-

havioral symptoms are not used to define or diagnose

the disease.

6. Cooperative analysis of data

Academia, small and large industry, and government

agencies such as the National Institutes of Health have held

their traditional niches in AD drug development. Whereas

academia mostly focuses on pathophysiology and genetics,

industry mostly focuses on the development of lead

compounds, biomarker studies, and proof-of-concept and

efficacy trials. Those traditional divisions have become

blurred, however, with an accompanying opportunity for

greater collaboration. The biomarker initiative in the late

1990s, for example, led to the development of positron emis-

sion tomography and single photon emission computed to-

mography (SPECT) ligands, and more recently to ADNI,

a collaboration between industry and academia [114]. Indus-

try and the National Institute on Aging have primarily funded

ADNI, with an initial focus on cerebrospinal fluid biomarkers

and subsequently Pittsburgh compound B (PIB) imaging,

with additional funding from the Alzheimer’s Association

and General Electric [115–117]. A major question at present

concerns whether there will be a consensus on cognitive and

functional scales in time for a renewal of ADNI [118].

In the ADNI Study, the ADAS-Cog, MMSE, and CDR-

SB all showed baseline differences among normal control,

MCI, and AD groups, with clear trends toward decline that

differed across groups. These trends are also evident in

composite scores. The data suggest that to detect a modest

difference in rate of decline (25%) in AD, a clinical trial of

400 to 800 participants would be needed in each arm of the

study. In an MCI trial, additional participants would be

required. Memory tests fare little better in this regard. This

finding suggests that better and faster ways are needed to
detect AD progression or reduction in progression, and this

is a key motivation for ADNI. The real challenge will be to

turn these results into practical measures of change that are

highly informative, and that add to the standard measures.

Another recently initiated major collaboration was a

private foundation-funded meeting to address the problem

of placebo data in MCI and AD trials. There has been some

concern in the AD research community that cognitive mea-

sures in clinical trials are inadequate, that decline among

placebo subjects is not being captured, and that participants

may somehow be healthier, more diverse, or even milder

than before. With the advent of clinical trials for participants

with MCI, there is clearly a need to improve these measures.

7. Regulatory issues

7.1. Validation of new scales

An ability to demonstrate the validity of a scale for use in

a primary outcome measure in a registration trial is crucial. In

the United States, the FDA examines new scale proposals

a little differently than in the past, and would probably inves-

tigate any new scale more closely than before. Correlation

with traditional scales may also be an important requisite.

There is an increasing emphasis on a comprehensive valida-

tion process for psychometric scales, primarily for cognitive

measures.

As for noncognitive measures, the FDA considers func-

tional and global scales to serve the same purpose. Global

scales perhaps offer a cruder assessment, and so the FDA

probably relies more on face validity for those, but the

revelation that the CDR-SB can actually be more sensitive

than cognitive measures raises the question of whether it

would suffice as a primary outcome. The FDA would have

to scrutinize that possibility carefully.

On cognitive scales, and in particular effects on specific

cognitive measures, it is hard to predict what kind of claim

could be made if a drug affected only executive function,

for example. The FDA has not been faced with that scenario

in practice, but the possibility is worthy of consideration. In

terms of the bottom line, the FDA would require more

systematic validation of a scale than they did in the past.

Obtaining that validation would likely be a long process.

The European perspective is similar in that if a scale is in

use, the track record probably speaks for itself, but if it is

newly developed, then proper validation is required. An im-

portant issue involves whether the scale is developed for the

purpose of measuring an effect of a specific drug, or to mea-

sure a change in some clinically relevant domain. The scale

should be developed to measure those domains first, and

then used to measure the effect of a drug. In this regard, a scale

must have face validity, construct validity, and reliability.

7.2. Acceptable primary cognitive endpoints

The NTB has found more widespread use in clinical trials.

The FDA has informed at least one sponsor that the NTB is
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acceptable. Formal validation has not been achieved, but the

test has a certain amount of face validity.

In the new European draft guidelines, the NTB is recog-

nized, and is more or less ready to be accepted as a primary

outcome, although there is some reticence, mostly because

it is viewed as a scale made to fit a certain type of drug. There

are also at least four different versions of the NTB, which

make acceptance more complicated.

7.3. Acceptability of scale variations

Situations may arise where different versions of the same

scale are used to obtain data. From the FDA’s perspective,

this is already the case to a certain degree, e.g., in interna-

tional studies where scales have to be translated: by defini-

tion, scales in different languages are different versions.

Furthermore, different forms or different specifics of scales

are often used to avoid practice effects. There does not appear

to be an a priori reason to prohibit this, if the versions are

valid and can be combined.

The European Union perspective is different on this issue.

They will treat different versions of scales as different scales,

e.g., the four different versions of the NTB.

7.4. Coadministering scales

If the FDA deems the NTB acceptable, then it would not

require an additional scale to be run in parallel, but the FDA

certainly recognizes the value in having both.

In Europe, for the foreseeable future, the EMEA will

likely require, or at least look favorably on, sponsors who

run the NTB in parallel with the ADAS-Cog, so that some

clinical relevance can be attributed to the NTB.

7.5. Nonprimary endpoints and labeling

The FDA has a fairly standard position on nonprimary

endpoints and labeling. For a primary outcome, the measure-

ment must be of a different domain than the primary endpoint.

For example, the primary outcome could be cognition, and the

secondary outcome could be global. A prospective labeling

plan acceptable to the FDA is needed, as is an adequate

statistical plan to deal with multiple comparisons and other

statistical issues.

In the European Union, only the primary outcome

measure is described in the statistical process control (SPC)

plan. Moreover, in Europe, advertisements can be geared di-

rectly only to the payers and not to consumers, and cost effec-

tiveness is of concern, rather than the SPC.

7.6. Midtrial design or analysis changes

Because the field is rapidly evolving and dementia trials

can be lengthy, sponsors may consider midtrial modifications

in design or analysis. From the FDA’s perspective, this seems

unnecessarily complex and unlikely to be approved, although
it remains within the realm of possibility. Midtrial modifica-

tions would depend entirely on case-by-case specifics.

In Europe, such modifications may depend on the extent to

which circumstances have changed. Adaptive designs are not

well-considered, but are also not completely impossible.

However, a change that affects the outcome would not be

well-favored. Analytical changes made before a trial is un-

blinded, for example, would be tolerable, and in general it

is best if any potential change is built into the plan in advance.

7.7. Survival analysis and dichotomized endpoints

For the FDA, survival endpoints are typically well-

accepted, and outcomes timed to MCI or AD incidence are

not a problem. Dichotomized endpoints are not as easy to

deal with, and it may not be clear what they even mean.

They may be acceptable, or problematic. There is no a priori

objection, but acceptability depends on the details.

In Europe, survival analysis is well-accepted and, in fact, is

seen as having good face validity. However, some weight must

be given to the difference in time that survival analysis reveals.

For example, a drug that delays conversion by 2 months,

assuming that conversion could be exactly defined, is not

likely to be approved. Dichotomized endpoints are also possi-

ble, though clinical relevance is the most fundamental issue.

7.8. Consensus in identification of suitable outcome
measures for early-stage trials

Clearly, outcome measures for early-stage, disease-modi-

fication trials will be needed. Identification of suitable

measures will undoubtedly require cooperation among the

pharmaceutical industry, academia, and regulatory agencies.

Some changes (e.g., the NTB) can be performed at a local

level, with the agreement of the FDA and the sponsor, but

other changes, such as developing a rationale for studying

disease modification, will need the cooperation of all stake-

holders. In Europe, newly available funding could be used

for just such a process.

7.9. Panel discussion points

� Different effects in primary and secondary outcomes:

how would they affect approval? How would the FDA

view no drug effect in the primary outcome measure

(i.e., ADAS-Cog) and a small drug effect on a secondary

outcome measure (i.e., NTB)? The FDA has never

placed an effect-size requirement on the ADAS-Cog, be-

cause it was assumed that the effects would be picked up

by global scales, but the problem may be that the global

scale is really just another ADAS-Cog. There is no way

of knowing that, but if it were true, it would be a problem.

� Different versions: how different is different? There are

different versions of the ADAS-Cog, for example, and

different language versions. In this regard, the devil is

in the details. One could call two different scales by
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the same name, but that would not make them different

versions of the same scale. Moreover, if some items on

a scale can be discarded, then there must be redundant

tests, but if the tests are not redundant and they are mea-

suring different things, then are they not different scales?

� What is the way to approach the challenge of collabo-

rating on devising scales? The ADNI is moving into

MCI and milder aspects of the MCI spectrum, and

will need to modify instruments or pick up the NTB.

Engaging people with computer battery expertise may

be productive. Either way, there must be a strategy to

selecting a scale so that it is measures what it is intended

to measure. Whether the best measure turns out to be

computer-based or pen-and-paper is then secondary.

� Clinical relevance: As the field moves toward making

a diagnosis in the MCI range of cognitive impairment,

a drug effect may improve memory to a small degree

but have a larger positive effect on a biomarker. If

a drug does not significantly benefit patient function

or provide clinical benefit, is it clinically relevant?

Does such an outcome have any meaning? This is

a one of the current challenges, and the literature is lim-

ited in its ability to clarify this point.

8. Conclusions

This review has covered a wide series of important issues

regarding outcome measures in AD clinical trials. As the length

of clinical trials increases and individuals with milder deficits

are included in trials, it becomes clearer that our standard cog-

nitive measures may not be sufficiently sensitive for measuring

current status or changes over time. Several possible solutions

were discussed, e.g., adding more items to the ADAS-Cog to

increase its sensitivity to subtle deficit, or evaluations of

more focused domains, or adapting global summary scales.

The need for more sensitivity has to be balanced against the

FDA’s desire for efficacy, as determined by a clinically mean-

ingful change, as opposed to simply statistically significant

improvement on a scale. In addition, it is worth considering

which problems with current measures will disappear when

a drug that has a major impact on AD pathology is developed,

and which issues need to be addressed to detect the efficacy of

a new therapeutic intervention with a strong effect size. Similar

considerations apply to measures of function, psychopathol-

ogy, and global clinical-efficacy ratings. Progress in basic

research also presents new challenges. For example, careful

consideration must be given to how biomarkers might comple-

ment assessment scales in clinical trials. The Research Round-

table discussion provided an excellent summary of promising

trends and ideas for improving outcome measures in clinical

trials. It pointed out areas of need and provided direction for

coordinated efforts to improve the scales used in trials, and

highlighted some notable progress in this direction. The Re-

search Roundtable’s findings could provide a focal point for

new consortia that attempt to share and use data that have

already been collected to address these important issues.
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