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Abstract

A crucial aspect of any clinical trial is using the right outcome measure to assess treatment 

efficacy. Compared to the rapidly evolved understanding and measurement of pathophysiology in 

preclinical and early symptomatic stages of Alzheimer’s disease (AD), relatively less progress has 

been made in the evolution of clinical outcome assessments (COAs) for those stages. The current 

paper aims to provide a benchmark for the design and evaluation of COAs for use in early AD 

trials. We discuss lessons learned on capturing cognitive changes in predementia stages of AD, 

including challenges when validating novel COAs for those early stages and necessary evidence 

for their implementation in clinical trials. Moving forward, we propose a multi-step framework 

to advance the use of more effective COAs to assess clinically meaningful changes in early AD, 

which will hopefully contribute to the much-needed consensus around more appropriate outcome 

measures to assess clinical efficacy of putative treatments.
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1 │ INTRODUCTION

The success of a clinical trial depends on many factors, including the therapeutic 

intervention, the target population and the trial protocol.1 A critical aspect of the protocol 

is that the outcome measure(s) to evaluate treatment efficacy are appropriate. That is, a 

treatment can be shown to be effective only if the outcome measures can capture the 

treatment effect.2 Clinical efficacy is usually evaluated using a report by a clinician, the 

participant, or a non-clinician observer (i.e., study partner), which all fall under the umbrella 

term “clinical outcome assessments” (COAs). Common guidance for COAs holds that the 

selected instrument(s) should be reliable, valid, and sensitive to clinically meaningful change 

in the target population3. In the context of Alzheimer’s disease (AD), however, these guiding 

principles raise unique challenges and are not always followed carefully.
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In AD clinical trials, a slowing or halting of cognitive decline is usually the main clinical 

goal, and the COAs for assessing this typically include a performance outcome assessment 

(PerfO) of cognition accompanied by a clinician-reported outcome (ClinRO), a report by 

the individual themselves (i.e., a patient-reported outcome, PRO), or observation by a 

study partner or clinician (ObsRO) to demonstrate the impact on everyday functioning.4 

Historically, the clinical instrumentation for AD trials was defined in the early 1990s 

by trials of tacrine, the first agent approved for the treatment of AD.5,6 Patients were 

selected using the Mini–Mental State Examination (MMSE) developed in 1975,7 and COAs 

to establish clinical efficacy included the Clinical Global Impression of Change (CGIC) 

published in 19758 and the Alzheimer’s Disease Assessment Scale (ADAS) designed in 

1984.9 The approval process was based on draft guidelines from the U.S. Food and Drug 

Administration (FDA) provided in 1990,10 which required that anti-dementia agents show 

improvement on the core symptoms of AD (i.e., memory and global cognition) and that the 

effect be clinically meaningful as shown on a global or a functional rating. This approach 

to mild-to-moderate AD clinical trials and approval remains highly influential, as trial 

participants are still typically defined by MMSE score range and evaluated by the ADAS – 

cognitive subscale (ADAS-Cog) and a global assessment such as the CGIC.

In the past decade, AD clinical trials have increasingly focused on earlier, predementia 

stages of AD,11,12 as intervening with AD pathology before the onset of dementia may be 

more efficacious for certain interventions, and slowing the disease while the individual is 

still highly functional is an important goal1. This shift toward earlier disease stages has 

led to the need for outcome measures that can capture the more subtle cognitive changes 

that occur prior to individuals being classified clinically with dementia.13,14 The US Food 

and Drug Administration (FDA) updated their draft guidance for early-stage AD trials in 

2018, including recommendations for different COAs by clinical stage of AD (Table 1).4 

This guidance stated that many of the assessment tools typically used in patients with overt 

dementia may not be suitable for use in earlier symptomatic or preclinical stages of AD, 

which is consistent with studies indicating that these measures exhibit ceiling effects in 

individuals with mild cognitive impairment (MCI) and even mild AD dementia.15–17 Despite 

these updates, however, most of the recent large Phase 3 AD clinical trials for prodromal 

to mild AD (e.g., in references18–22) have incorporated the ADAS-Cog and the MMSE as 

primary or secondary endpoints. Applying these later disease-stage targeted measures in 

these early trials, however, could have serious consequences for trial outcomes, such as 

false positive futility analyses (i.e., the incorrect conclusion of futility) or underestimated 

treatment effects, and may thereby, in part, explain both recently failed trials and tentative 

successes in prodromal and mild AD.19,22,23

Several efforts have been undertaken in an attempt to improve the measurement of 

cognitive changes in early symptomatic stages of AD (i.e., FDA Stage 3, Table 1), 

for example by selecting the parts that have been shown to be sensitive to early 

AD change and combine them in novel composite tools, for example, the Alzheimer’s 

disease Composite Score (ADCOMS),24 the Integrated Alzheimer’s disease Rating Scale 

(iADRS),25 the Neuropsychological Test Battery (NTB) and the Cognitive-Functional 

Composite (CFC).26,27 However, these endeavors have yet to be broadly accepted as 

primary outcomes in clinical trials for symptomatic populations. For preclinical stages of 
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AD (i.e., FDA Stage 1–2, Table 1), novel, multi-domain cognitive composites combining 

sensitive neuropsychological tests have been designed, such as the Preclinical Alzheimer’s 

Cognitive Composite (PACC)28 and the Alzheimer’s Prevention Initiative Preclinical 

Cognitive Composite (APCC) for preclinical AD,29 but it remains unclear as to whether 

these composites will have adequate sensitivity to detect a clinically meaningful treatment 

effect in (secondary) prevention trials.30

Given the lack of a single well-accepted and validated ‘gold standard’ COA to assess 

meaningful cognitive changes in early stages of AD, a more critical use of COAs in trials 

of AD will be crucial given the recent developments in pharmacotherapy and increased 

focus towards earlier disease stages.1,31 To facilitate this, we aimed to provide a benchmark 

for the design and evaluation of appropriate COAs for use in early, predementia stages 

of AD with a focus on PerfOs of cognition. We will start with summarizing the most 

important lessons learned from historical data on capturing cognitive changes in preclinical 

and prodromal stages of AD. Next, we will discuss theoretical and psychometric challenges 

when developing and validating novel COAs to evaluate cognitive changes in these early 

stages, followed by a consideration of what validation evidence is needed to advance the 

implementation of novel measures in clinical trials.

2 │ CAPTURING COGNITIVE CHANGES IN AD: WHAT WE (COULD) HAVE 

LEARNED

2.1 │ Commonly used cognitive tests are differentially sensitive to change

A necessary condition for capturing cognitive changes is the sensitivity to change of 

the measurement instrument, also referred to as responsiveness.34 This may include 

responsiveness to decline (in the placebo group) as well as responsiveness to improvement 

(in the treatment group), although the first seems most relevant in the context of current 

disease modifying treatments that aim to demonstrate slowing or halting of cognitive 

decline in the treated group. Commonly used COAs selected for AD clinical trials tend 

to demonstrate acceptable levels of reliability as well as face validity (see Section 3), but 

these characteristics may not necessarily represent sufficient conditions for detecting change 

over time or treatment benefit. Thus, investigating the sensitivity to change as a separate 

measurement characteristic is crucial for assessing cognitive change.

A substantial body of information on the sensitivity to decline of widely used cognitive 

tests is readily available from observational studies (e.g., in references13,32–36), which, for 

example, have consistently pointed out specific tests that seem to be sensitive to decline in 

the preclinical to prodromal stage of AD, such as the Free and Cued Selective Reminding 

test (FCSRT), Category Fluency Test (CFT), Digit Symbol Substitution Test (DSST), and 

Controlled Oral Word Association Test (COWAT).32,33,35 Aligned with these findings, 

recent clinical trials have provided promising results regarding the sensitivity to treatment 

effects of those measures, as exemplified by the use of the CFT, COWAT, and the DSST in 

some Phase 2 MCI and mild AD dementia trials.37–39 Employing those tests in confirmatory 

Phase 3 trials could represent the much-needed sensitive measures of cognition,4 especially 

regarding cognitive domains such as executive functioning that are not well (or not at all) 
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measured by traditional instruments such as the ADAS-Cog. To date, there have been no 

systematic reviews addressing the question of which specific cognitive tests are successful 

in detecting changes. This is regrettable, as it would be helpful to know how these measures 

have performed with respect to treatment mode of action, and disease severity, biomarker 

and susceptibility gene status, and so on. However, a risk in the reporting of positive effects 

with specific instruments is that failed or discontinued trials may have used the same or 

similar measures but were not reported.40

2.2 │ The magnitude of cognitive change in clinical trials differs from observational 
studies

Data from observational studies can help set expectations for how much cognitive decline 

is expected to occur over a specific time course. In clinical trials of symptomatic AD, 

however, individuals on placebo might decline less than expected even though they were 

similar to observational cohorts at baseline.41 There are several potential reasons for this, 

including placebo effects, which may influence both cognitive test performance and self- 

and proxy-report outcomes in AD trials and thus seem to occur regardless of the type of 

COA used.42,43 Another potential explanation is the likelihood of enrolling “healthier” 

individuals (i.e., due to the in- and exclusion criteria prohibiting commonly occurring 

medical conditions or medication that would not be exclusionary for an observational 

study44) and monitoring individuals more closely. Whether these phenomena occur in 

preclinical AD trials is not yet fully known. Only one trial in mostly preclinical AD 

participants has been completed (Dominantly Inherited Alzheimer Network – Treatment 

Unit [DIAN-TU-001]45) and several more are ongoing.46 Early reports from DIAN-TU-001 

indicate that the trial data did not meet the assumptions based on the observational data used 

to model the trial. In fact, the placebo group did not show as much decline as expected.47

Another striking difference between observational studies and clinical trials regards 

the frequency of study assessments. Many observational studies administer cognitive 

assessments no more than once a year, whereas in clinical trials, most participants are 

tested every 3–6 months.48 This may result in larger, unanticipated practice effects (PE), 

also referred to as learning or retest effects. PE refer to the phenomenon that performance 

on cognitive tests improves with retesting as participants become familiar with test content, 

test strategies, and the testing environment. The occurrence of PE is a vexing issue that 

makes the detection of cognitive changes more difficult, and if not accounted for, can mask 

cognitive decline49,50 and decrease statistical power to detect treatment effects.51,52 An 

observation of particular relevance for clinical trials in early AD is that PE appear to be 

most salient on measures of episodic memory.49,53,54 Although PE seem to be most apparent 

at the second time of testing, it has been shown that retest gains are stronger with more 

frequent exposure,55,56 meaning that the frequency of assessments, in addition to alternate 

test versions, in clinical trials should be seriously considered. Finally, placebo effects may 

interact with and possibly magnify PE in intervention studies.57

2.3 │ Individual trajectories of cognitive decline are heterogeneous

Another issue observed in longitudinal data is that individuals with AD show substantial 

heterogeneity in terms of disease progression rates. That is, even when individuals are 

Jutten et al. Page 5

Alzheimers Dement. Author manuscript; available in PMC 2024 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



matched on disease severity levels at baseline, those individuals may have variable times 

to dementia58 as well as in rates of cognitive decline.59 This inter-individual variation in 

cognitive change is an obstacle for measuring therapeutic effects using cognitive outcome 

measures. A recent study has shown that natural variability in disease progression may 

lead to significant group differences on clinical outcomes that are not due to the therapy 

administered but, instead, reflect individual differences in their rate of decline.60 This 

observed inter-individual heterogeneity may be inflated by the small signal-to-noise ratio 

observed on the conventional COAs used, which may be influenced by contextual factors 

(i.e., within-subject sources of variability) such as day-to-day variability in mood, effort, and 

concentration, educational influences, and/or inter-rater variability. This further emphasizes 

the need for refined COAs that tap into all relevant cognitive processes in early stages of AD 

while reducing error as much as possible.60 To accomplish this, the individual cognitive tests 

included in the COAs should be carefully selected.

3 │ EVALUATING COGNITIVE TESTS FOR COA SELECTION: 

CHALLENGES AND CONSIDERATIONS

3.1 │ Validity aspects

Perhaps the most challenging aspect of evaluating a cognitive test is to establish its 

validity; the degree to which the test indexes the construct it purports to measure.61 In 

2005, the Consensus-Based Standards for the Selection of Health Measurement Instruments 

(COSMIN) initiative was founded with the overall aim to improve the selection of health-

related outcome measurement instruments. As part of this initiative, a framework including 

the taxonomy, terminology, and definitions of measurement properties was developed by 

an international multidisciplinary team of researchers.62 The COSMIN methodology was 

initially designed for PROs, but most principles also apply to other types of outcome 

measurement instruments including ClinROs and PerfOs.63 COSMIN provides tools to 

help researchers and clinicians assess the methodological quality of studies reporting on 

measurement instruments64 as well as a database that includes over 2000 systematic reviews 

on measurement properties of health-related measurement instruments for various constructs 

(e.g., quality of life, pain, functional status, see: https://database.cosmin.nl). Remarkably, a 

systematic review of COAs to assess treatment efficacy of cognitive enhancing drugs in AD 

showed that only 50% of the measures used as primary outcome measures had information 

about their validity,65 which underlines the challenges that the concept of validity is still 

facing in our field. To improve the validity of COAs for use in AD research and clinical 

trials, we apply the COSMIN methodology for validity aspects that are most relevant to 

performance-based cognitive tests. We start with basic prerequisites for validity, including 

content validity, followed by a discussion of the interpretability of test scores, often referred 

to in our field as clinical meaningfulness.

3.1.1 │ Content validity—The first and most important component of any measure is 

to consider whether the content of an instrument is an adequate reflection of the construct 

to be measured, referred to as “content validity.”61 This entails that (1) all the items of a 

measurement instrument are relevant for measuring the construct of interest (relevance); (2) 

all key concepts are included (comprehensiveness); and (3) all items, response options, and 
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instructions are understood by the target population as intended (comprehensibility).62 In the 

context of AD trials, this would mean that a COA covers all cognitive domains one would 

theoretically expect to decline because of the disease process or improve as a result of a 

treatment. It is important to consider this element even before statistical considerations, as 

an agnostic statistical approach might result in including tests that are not directly relevant 

to the disease process but are simply more sensitive to change in general by exhibiting wider 

measurement ranges (e.g., reaction time measures). One important component of content 

validity is face validity, which refers to the ‘clinical impression’, or the degree to which an 

instrument looks as though it is an adequate reflection of the construct to be measured.62 

This is a subjective experts’ impression, and there are no clear standards with regard to how 

it should be assessed and quantified.66 As a result, “face validity” alone is insufficient to 

confirm an instrument’s content validity, although it might be crucial to the implementation 

of the instrument. Therefore, it is recommended to test other content aspects (i.e., relevance, 

comprehensiveness, comprehensibility), by cognitive debriefing and qualitative methods.67

3.1.2 │ Criterion validity—Criterion validity refers to the degree to which the scores 

of a measure are an adequate reflection of a ‘gold’ standard. In the context of cognitive 

assessment in AD, this gold standard would be “cognitive decline due to AD” when 

the purpose is measuring disease progression. However, measuring AD-specific cognitive 

decline and distinguishing it from other sources of cognitive changes is challenging, since 

the cognitive trajectories of incipient symptomatic AD are subtle and heterogeneous.60 

One way cognitive tests may be deemed to have good criterion validity is by their ability 

to predict cognitive deficits later in the course of the disease, referred to as predictive 

validity.4,54 For example, across three cohorts of clinically unimpaired older adults with 

elevated amyloid, those with subtle cognitive decline over 3 years on the PACC were 5.47 

times more likely to receive a diagnosis of MCI,68 and although this is not yet a gold 

standard for cognition, this could serve as a “copper standard,” or an indirect reflection of 

the criterion validity. A limitation of this approach, however, is that it may require extended 

follow-up of clinical trial participants.

It could be argued that autopsy-based verification of AD pathology and in vivo imaging, 

or in the future even fluid AD biomarkers, can be considered the gold standard for AD 

pathology and can as such be used as a criterion for the validity of cognitive tests. 

However, we believe it is important to disentangle the disease process as reflected with 

biomarkers from the clinical symptoms as reflected with cognitive tests, because AD 

pathology does not always fully correlate to performance on cognitive tests (e.g., in 

extreme aging69). Moreover, in theory a gold standard consists of a perfectly reliable 

and valid measure across populations, which is not yet the case for all AD biomarkers. 

In addition, it would be difficult to hypothesize what the strength of the relationship 

between the instrument scores and criterion scores should be given the heterogeneity in 

clinical-pathological relationships,60 which may, in part, be due to factors such as resilience 

and cognitive reserve.70 We therefore remain cautious with implying that a gold standard 

for AD pathology is also a gold standard for “cognition” and suggest that validating clinical 

measures against biomarkers is rather a way to establish construct and convergent validity as 

will be discussed in the next section.
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3.1.3 │ Construct validity—The main validity component to which we must defer in 

the absence of a gold standard, is construct validity. This refers to whether the test score is 

an adequate reflection of the underlying (latent) construct and its expected relationship with 

related and unrelated constructs.62 One aspect of construct validity is determining whether 

the scoring algorithm (resulting in a single total score, weighted or unweighted composite 

score) is an adequate reflection of the dimensionality (i.e., one or multiple cognitive 

domains) being measured. To support this, a factor analysis should be performed to 

demonstrate adequate model fit and score use (single score or domain scores) (also referred 

to as “structural validity” in the COSMIN methodology). Subsequently, the test score (or 

domain scores) should be investigated against relevant clinical (e.g., everyday functioning, 

quality of life) and/or biological measures (e.g., biomarkers of neurodegeneration, amyloid, 

or phosphorylated tau). A distinction can be made between convergent and divergent 

validity, both of which could support construct validity. For example, in the context of 

cognitive tests for use in AD, the test score would ideally be more strongly related to 

AD biomarker burden than to age, sex, level of education, or mood. Both convergent and 

divergent relationships should be in line with hypotheses, which can be formulated as range 

of correlations rather than based on statistical significance.61

3.1.4 │ Cross-cultural validity—Cross-cultural validity refers to the degree to which 

the performance of the items on a translated or culturally adapted measurement instrument 

are an adequate reflection of the performance of the items of the original version of the 

measurement.62 Cognitive outcome measures are used in a variety of countries and cultures 

and an often-overlooked issue is how these measures are inherently culturally dependent. 

A broad literature on cross-cultural neuropsychology has shown that many features of 

assessment cannot be assumed to be comparable across cultures, including assumptions that 

tests measure similar aspects of brain function in all people71 and that test concepts apply 

equally to all levels of education and quality of education.72,73

In general, there is a fallacy that cognitive tests can be “culture-free” by emphasizing 

non-verbal content or by localizing test content to match familiar items. These approaches 

have been shown to fail repeatedly when comprehensively studied.74,75 In addition, there are 

classes of measures that cannot be adapted across cultures to provide directly comparable 

data due to cultural differences and reliance on specific aspects of language. Many cultures 

do not use primarily phonemic alphabets and their written language is logographic in 

nature (e.g., Japanese, Chinese, Korean).72 Another extremely complicated issue for global 

studies is establishing the validity necessary to assume metric equivalence across cultures. 

Great care must therefore be taken in selecting cognitive outcomes that have undergone 

cross-cultural validation procedures, and this is particularly relevant for global AD trials and 

observational studies. To optimize comprehensibility, a focus on cross-cultural adaptations 

should be given just as much or more priority than a quality translation of test instructions 

and item content.76 Best practices for selecting cognitive measures appropriate for global 

AD studies should include considerations regarding adaptation and translation capabilities, 

selecting measures that assess meaningful constructs in each culture where data will be 

collected, and consideration of local normative data.77
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3.1.5 │ Interpretability—Finally, an important aspect of special relevance to cognitive 

test scores is interpretability, which revolves around the question of whether a score can 

be interpreted as being “meaningful” and translatable to everyday life performance.62 

Cognitive tests which require individuals to draw lines between numbers and letters, 

learn lists of unrelated words, and draw figures may not immediately appear analogous 

to the cognitive skills required to function in everyday life. One example of demonstrating 

the interpretability of a test score could be whether test performance is associated with 

behaviors in real-world settings, referred to as ecological validity.78 In symptomatic stages 

of AD, there is a clear association between deficits in performance on cognitive testing 

and deficits in everyday functioning.79–81 However, the direct link between poorer cognitive 

test performance and decrements in everyday functioning is less immediately apparent in 

the preclinical and prodromal stages of AD, where, by definition, functional symptoms 

are minimal, cognitive decrements exceedingly subtle, and cognitive decline is thought to 

precede functional decline.82,83 One means to enhance ecological validity in the context of 

subtle cognitive change is to include elements that are associated with behavior in everyday 

life. For example, a memory measure that requires learning and recall of a grocery list may 

confer greater ecological validity in contrast with a list of unrelated words, as the former 

is a cognitive exercise required in everyday life.84 Additional approaches to enhancing 

ecological validity may include performance-based assessments of function (e.g., ability to 

navigate through a website or telephone decision tree85) or PROs measuring subtle everyday 

cognitive problems.13,86,87 Integrating cognitive testing more closely into everyday life (e.g., 

burst-based cognitive assessments on an individual’s own smartphone) may be a means of 

increasing the ecological validity of a cognitive assessment.88

Of importance to clinical trials is not only the interpretability of a single test score, but 

the question of when a change in score is clinically meaningful. Treatment effects that 

have clinical relevance to the patient and caregiver are more acceptable to regulators and 

payors.4 AD secondary prevention trials targeting Stage 1 and 2 individuals have been 

placed in a conundrum whereby a cognitive-only outcome (in contrast with the usually 

used co-primary outcome of cognition and function in trials of Stage 3 participants) 

is likely the most sensitive measure to determine a treatment effect, but the clinical 

meaningfulness of a measured cognitive change is not well-defined and there is no 

consensus, as of yet, on what represents a clinically meaningful treatment effect.30,89 Mixed 

methods approaches, combining the perception of change scores by patients, caregivers, 

and healthcare professionals with quantitative characteristics of tests (such as the smallest 

detectable change), might be necessary to determine the clinical meaningfulness of cognitive 

test scores. In epidemiological studies, several approaches to determine the “minimal 

important change” have been evaluated for patient reported outcome measures.90,91 The 

field of AD and related dementias can learn from these precedents.

3.2 │ Composite outcome measures

Since cognitive and functional composite measures have garnered interest as primary 

endpoints for AD trials, we will now discuss challenges and considerations when evaluating 

composite outcome measures for AD trials. Composite measures summarize multiple 

individual tests into a single score but can be constructed using multiple approaches 
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(e.g., data-driven vs. theoretical, single vs. multi-domain, explicitly weighted vs. implicitly 

weighted, etc.). This infers that the “optimal” composite measure can differ by disease stage, 

since the nature as well as the rate of cognitive and functional decline differs across the 

continuum from preclinical to symptomatic AD.4,92–94 When adapted to the disease stage 

of interest, composites may improve reliability and sensitivity by refining the signal-to-noise 

ratio. That is, whereas a single test might under- or overestimate decline given natural 

within-person variability in performance, multi-domain composites are more capable of 

capturing “robust” decline.95 A recent study demonstrated this phenomenon in unimpaired 

late middle-age adults where a series of theoretically derived composites exhibited lower 

within-individual variability and stronger age and amyloid associations compared with 

scores from single tests.96 Likewise, composites may improve sensitivity to change over 

time, especially when the individual measures are selected based on showing the steepest 

decline in a population of interest.97 That is, composites may help mitigate the psychometric 

shortcomings of individual measures in the composite (e.g., by reducing in less floor or 

ceiling effects). For example, the MMSE may be included in a composite because of its face 

validity, but the limitations of its range restrictions in scoring, especially ceiling effects in 

cognitively normal populations, could be attenuated by inclusion among other measures that 

are more normally distributed in that population. Moreover, multi-domain composites may 

improve detection of decline in a heterogeneous disease such as AD. For example, some 

individuals may exhibit relatively greater decline in executive functions versus memory 

or vice versa,98 implying that an individual test or composite focused on a single test or 

domain may underestimate cognitive change in participants who don’t have the most typical 

presentation of symptoms.99 However, it should be noted that a composite score remains a 

summary measure determined by its parts and entails the potential risk of having detection 

of subtle cognitive changes on some measures compromised by other unchanged measures 

included in the composite score. This further emphasizes that the selection of individual 

tests for a composite measure will influence the composite’s ability to capture disease 

progression. The validity considerations and recommendations in Table 2 can be applied to 

advance the optimal selection of tests included in a composite and thereby its overall quality 

as a COA for use in AD trials.

3.2.1 │ Cognitive composite measures for AD Stage 1 and 2 trials—The need 

for more sensitive measures of neuropsychological performance in Stage 1 and 2 studies4 

(Table 1), has encouraged further development of cognitive composites.97 As discussed in 

the validity section, it is important to base the selection of measures on sound theoretical 

foundations. However, the disadvantage of a purely theoretical approach is that the items 

or tests selected might lack the ability to capture changes due to limited measurement 

properties. To overcome this, items for composites are generally selected based on good 

sensitivity to progression over time. Several large longitudinal datasets are available for 

deriving composite outcome measures over time. Empirical derivation of cognitive outcome 

measures based on historical data allows selection of items and weighting of items based 

on one of several approaches: (1) optimize the sensitivity of items to track progression over 

time, (2) optimize the cross-sectional discrimination between populations such as healthy 

normal and MCI or AD dementia participants, (3) optimize the separation between healthy 

normal and MCI or AD dementia participants in progression over time, or (4) optimize 
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the separation between active treatment and placebo treatment participants in progression 

over time. Each of these approaches reflects a different goal for use of the composite, but 

often, they can result in somewhat similar optimal composite scores.100 As highlighted 

in Section 2, inter-individual variation in disease progression makes it difficult to create 

optimized composite measures that are externally valid and perform well prospectively.101 

Thus, optimization of composite scores based on historical datasets may result in overfitting 

and the optimal combination for progression over time might not generalize to other cohorts. 

To control for these biases, cross-validation methods should be used to estimate the bias of 

the specific method of derivation that is used, so that the performance can be estimated after 

correcting for this bias.28 Furthermore, future public-private partnered trials will hopefully 

allow for broader data sharing to do these types of analyses on actual clinical trial data rather 

than observational studies.

3.2.2 │ Composites combining cognition and function for AD Stage 3 trials
—For trials targeting Stage 3 individuals, combining cognitive with functional outcome 

measures may provide an effective approach to establish the meaningfulness of treatments, 

and this has been recommended by regulatory agencies.4,89 Accumulating evidence 

indicates that instrumental activities of daily living (IADL) begin to deteriorate before the 

onset of dementia,102 and that an MCI diagnosis accompanied by more IADL problems 

leads to increased risk of developing dementia.103 Previous studies have shown the added 

clinical value of combining cognitive with IADL measures, as illustrated by the fact that 

associations between the overall composite combining cognitive and functional abilities and 

other clinical measures such as quality of life and caregiver burden were mostly driven 

by the functional component of the composite in individuals with MCI and mild AD 

dementia17; likewise the detection of change over time in individuals with MCI on the 

composite was most apparent on the instrumental ADL (IADL) component.34 Together, 

these and other findings emphasize the importance of the inclusion of a sensitive IADL 

measure to capture clinically meaningful decline in prodromal stages of AD.102 Thus, 

outcome measures that combine cognitive and functional items may be useful for measuring 

the totality of disease progression in Stage 3 participants. A limitation of combining both 

constructs in one composite is that change on only one of both aspects can be masked in 

the composite score. Therefore, it is recommended to analyze the cognitive and functional 

scores separately, for example in a secondary or sensitivity analysis.

4 │ THE IMPLEMENTATION OF NOVEL MEASURES IN CLINICAL TRIALS

The pharmaceutical industry, particularly in neurology, has exhibited substantial 

conservatism in adopting new instrumentation, especially with respect to cognitive and 

functional outcome measures.104 This has led to situations in which tests were chosen based 

on historical precedents, rather than on a hypothesized link with the mode of action or target 

of the specific compound. To improve trial methodology, we believe that progress must be 

bidirectional. On the one hand, test developers are encouraged to design and validate tests 

more carefully. This requires a stepwise process in order to demonstrate that a test has 

acceptable levels of (1) reliability, such as test-retest reliability and internal consistency; (2) 

various forms of validity that together lead to converging evidence for the validity of the 
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proposed measure (Table 2); and (3) sensitivity to change in the target population. On the 

other hand, end-users should more critically (re)consider their selection of tests for COAs 

for their trials. That is, based on the hypothesized mode of action and presumed cognitive 

change in the target population, the specific tests/items should be selected based on the 

constellation of evidence for their validity and measurement quality (Figure 1).

Several promising endeavors have been undertaken to provide evidence for the validity 

of novel COAs for use in AD trials. For example, the PACC, theoretically designed and 

originally investigated in a multicohort study28, was subsequently cross validated101 and 

studied in a replication cohort confirming its ability to capture cognitive decline during the 

preclinical stages of AD.105 Later, an optimized version of the PACC (i.e., the PACC5) was 

designed to improve the sensitivity to amyloid-related cognitive decline in preclinical stages 

of AD.106 Examples of validation work on composites that were empirically derived include 

the ADCOMS and APCC, which were both externally validated in multiple datasets.24,26,27 

Another example of a step-wise validation process includes the Catch-Cog study on the 

CFC, which was first investigated for its content validity and reliability,107 followed by 

a longitudinal construct validation study in an independent cohort investigating the CFC 

against other clinical and biological measures of disease severity17,108 and sensitivity to 

change over time compared to traditional measures such as the ADAS-Cog-13 and CDR-

SB.34 Other examples of recently developed COAs for early AD trials are provided in a 

recent overview,97 pointing out the differences regarding the body of validation evidence 

available for different measures and highlighting that validity is an ongoing, multi-step 

process rather than an end-product.

5 │ CONCLUSION

Compared to the rapidly evolved understanding and consensus of measuring 

pathophysiology in early stages of AD, relatively less progress has been made in the 

evolution of COAs for use in the early stages of the disease. We believe that this is a 

missed opportunity impeding advances in evaluation of new therapies, particularly for trials 

in predementia stages of AD. We discussed several barriers to the development and selection 

of more effective cognitive outcome measures in early AD trials. These include unique 

challenges related to assessing cognition in predementia stages such as the detection of 

very subtle and heterogeneous decline across individuals, evaluating and demonstrating the 

validity of measures of cognition, and reservations from pharmaceutical sponsors towards 

adopting new COAs. To overcome this, we propose a multi-step framework to advance 

the selection and implementation of more effective COAs in clinical trials of early AD 

(Table 2, Figure 1). This framework can be applied when selecting existing tests or items 

for a composite measure to include as a COA as well as when developing entirely novel 

measurement instruments for cognition to implement as a COA in future trials of AD.

We recognize that addressing all validity aspects mentioned in Table 2 will be an 

effortful endeavor, but we believe that setting this high standard to collect converging 

evidence for the validity of a cognitive test will be crucial for the long overdue and much-

needed improvement of outcome measures for cognition in our field. However, different 

validity aspects may arguably deserve different weights depending on the type of the 
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COA and intended target population for which the COA is being evaluated and selected. 

According to the COSMIN framework, the content validity and internal structure (including 

structural validity and cross-cultural validity) are considered most important, followed by 

the remaining measurement properties, such as hypothesis testing for construct validity. 

The latter might differ per disease stage, for example, information about associations with 

a certain biomarker will be more relevant for presymptomatic disease stages, whereas 

associations with quality of life measures might be more relevant for clinically advanced 

disease stages. Furthermore, recommendations to establish the various aspects of validity 

may evolve in response to developments in the field, for example, when novel types 

of measurement instruments (e.g., using passive technology or virtual reality) are being 

developed or novel prognostic (bio)markers for AD are discovered. Together, this will 

hopefully contribute to the much-needed consensus and use of more appropriate outcome 

measures to assess clinical efficacy, and thereby increase the chance of successful clinical 

trials.
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RESEARCH IN CONTEXT

Systematic review:

The authors reviewed PubMed for literature on clinical outcome assessments (COAs) 

to assess treatment efficacy in Alzheimer’s disease (AD) clinical trials. Compared to 

the rapidly evolved measures of biomarkers in predementia stages of AD, relatively less 

progress has been made in the evolution of COAs for those stages.

Interpretation:

Based on lessons learned from past AD trials, we propose a multi-step framework to 

advance the selection and implementation of more effective COAs in clinical trials of 

early AD. This framework can be applied when selecting existing tests or items for 

a composite measure to include as a COA as well as when developing entirely novel 

measurement instruments for cognition to implement in future clinical trials.

Future directions:

This manuscript provides concrete recommendations that could contribute to the much-

needed consensus and use of more appropriate COAs to assess the efficacy of putative 

treatments for AD.
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Highlights

• We discuss lessons learned on capturing cognitive changes in predementia 

stages of AD.

• We propose a framework for the design and evaluation of performance based 

cognitive tests for use in early AD trials.

• We provide recommendations to facilitate the implementation of more 

effective cognitive outcome measures in AD trials.
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FIGURE 1. 
Recommendation for selecting clinical outcome assessments (COAs) for Alzheimer’s 

disease trials based on the hypothesized mode of action, target population (e.g., clinical 

disease stage) and measurement characteristics of available tests
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