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Abstract

Objective—There is a need to identify a cognitive composite that is sensitive to tracking
preclinical AD decline to be used as a primary endpoint in treatment trials.

Method—We capitalized on longitudinal data, collected from 1995 to 2010, from cognitively
unimpaired presenilin 1 (PSEN1) E280A mutation carriers from the world’s largest known early-
onset autosomal dominant AD (ADAD) kindred to identify a composite cognitive test with the
greatest statistical power to track preclinical AD decline and estimate the number of carriers age
30 and older needed to detect a treatment effect in the Alzheimer’s Prevention Initiative’s (API)
preclinical AD treatment trial. The mean-to-standard-deviation ratios (MSDRS) of change over
time were calculated in a search for the optimal combination of one to seven cognitive tests/sub-

"To whom correspondence should be addressed: Napatkamon Ayutyanont, PhD, Banner Alzheimer’s Institute, 901 E. Willetta Street,
Phoenix, AZ 85006, telephone: 602.839.6825; Napatkamon.Ayutyanont@bannerhealth.com.

These two authors are co-senior authors.
Portions of this study were presented at the 2011 Alzheimer’s Association International Conference, Paris, France and the 2011
Clinical Trials on Alzheimer’s Disease (CTAD), San Diego, CA.

They have no conflict of interest to report.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Ayutyanont et al.

tests drawn from the neuropsychological test battery in cognitively unimpaired mutation carriers
during a two and five year follow-up period, using data from non-carriers during the same time
period to correct for aging and practice effects. Combinations that performed well were then
evaluated for robustness across follow-up years, occurrence of selected items within top
performing combinations and representation of relevant cognitive domains.

Results—This optimal test combination included CERAD Word List Recall, CERAD Boston
Naming Test (high frequency items), MMSE Orientation to Time, CERAD Constructional Praxis
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and Ravens Progressive Matrices (Set A) with an MSDR of 1.62. This composite is more sensitive

than using either the CERAD Word List Recall (MSDR=0.38) or the entire CERAD-Col battery
(MSDR=0.76). A sample size of 75 cognitively normal PSEN1-E280A mutation carriers age 30
and older per treatment arm allows for a detectable treatment effect of 29% in a 60-month trial
(80% power, p=0.05).

Conclusions—We have identified a composite cognitive test score representing multiple
cognitive domains that has improved power compared to the most sensitive single test item to
track preclinical AD decline in ADAD mutation carriers and evaluate preclinical AD treatments.
This API composite cognitive test score will be used as the primary endpoint in the first API trial
in cognitively unimpaired ADAD carriers within 15 years of their estimated age at clinical onset.
We have independently confirmed our findings in a separate cohort of cognitively healthy older
adults who progressed to the clinical stages of late-onset AD, described in a separate report, and
continue to refine the composite in independent cohorts and compared with other analytical
approaches.

Keywords

composite cognitive score; API; Alzheimer’s Prevention Initiative; E280A; PSEN1; presenilinl;
sample size; preclinical; cognitively unimpaired; autosomal dominant; ADAD

INTRODUCTION

There is an urgent need to find effective preclinical Alzheimer’s disease (AD) treatments,
which we have previously defined as “interventions that are started in the absence of mild
cognitive impairment (MCI) or dementia and intended to postpone the onset, reduce the risk

of, or completely prevent the clinical stages of AD”(1). Several such trials are recently
launched or being planned including those with the strategy of testing therapies in peop

le

who are at the highest imminent risk of developing MCI or AD dementia due to factors such
as age and genetic backgrounds or presence of biomarker evidence of AD (2-5). Detecting a
treatment effect in a preclinical AD trial using clinical progression or cognitive outcome
developed for studies in MCI or AD dementia as the primary endpoint may not be desirable
due to a large sample size and lengthy follow-up required (6) or the psychometric properties
of the tests themselves (7-9). Using multiple cognitive assessments that are sensitive to
preclinical AD as potentially successful outcomes inflates Type-I error. Using an
appropriate composite minimizes the number of outcomes employed and thus risk of Type-I
error, it can be empirically derived and its sensitivity to detecting and tracking preclinical
AD can be validated in independent datasets. As a result, it affords a measure of multiple
cognitive domains that can serve as a primary endpoint in preclinical treatment trials (10).
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Slight, but measureable cognitive decline have been reported during preclinical AD,
retrospective and prospective studies of cognitively normal individuals who subsequently
progressed to AD dementia have found episodic memory decline to be a defining feature of
preclinical AD (11-15). Decline in other cognitive domains, such as executive (16), visual
spatial (13), and global cognitive functioning (13;17) also occurs during the transition from
normal aging to preclinical AD and into the clinical stages of AD. In cognitively unimpaired
individuals with significant fibrillar amyloid burden, decline has been observed primarily in
episodic memory, executive function and language (18-22). Studies of cognitively
unimpaired autosomal dominant AD (ADAD) mutation carriers have reported subtle decline
in memory, language, praxis, abstract reasoning and attention (23).

Recent research has focused on developing a measure of AD-related cognitive decline to
track the progression of preclinical AD in order to evaluate investigational preclinical AD
treatments with increased statistical power(24). A theoretically driven approach reasons that
a composite (i.e., a test score derived from two or more different cognitive tests) should be
constructed a priori from cognitive assessments known to decline relatively early in the
disease progression. A related approach is to construct a composite score that summarizes
the performance in a specific domain, such as memory (25) or executive functioning(26),
believed to be preferentially affected by AD. An empirically driven approach employs
computational modeling techniques to identify an endpoint or composite(24) based on its
sensitivity to detect and track the outcome of interest, such as preclinical AD. Analyses
methods that can be used for developing cognitive composites include, among others, latent
variable analyses or partial least squares regression(24;27;28), Item response theory (IRT)
(29) and principal components regression analysis(30), Rasch Measurement Theory or item-
level analysis. Note that these approaches are not mutually exclusive (eg. theoretical
knowledge of preclinical AD can be taken into account when empirically deriving a
composite cognitive test score).

In the present study, we aimed to develop a composite cognitive test score that is highly
sensitive to detecting and tracking preclinical cognitive decline, corresponding to an analysis
of a change from baseline, rather than to optimize the discrimination between those who
progress to clinical AD versus those who remain cognitively unimpaired. We examined
longitudinal data from cognitively unimpaired presenilin 1 (PSEN1) E280A mutation
carriers and non-carriers from the world’s largest known early-onset ADAD kindred to
develop a composite cognitive test score most sensitive to detecting and tracking preclinical
cognitive decline and calculate the number of cognitively unimpaired PSEN1 E280A
mutation carriers within 15 years of their estimated age at clinical onset needed to evaluate
an amyloid-modifying treatment in the Alzheimer’s Prevention Initiative (API)’s first
preclinical AD trial(1;31-33). We hypothesize that the identified composite will have higher
sensitivity and have greater statistical power to detect and track cognitive decline associated
with preclinical AD compared to the most sensitive individual cognitive test/sub-test score
or to the entire neuropsychological assessment battery given that the empirically driven
approach allows for the addition of assessments that improve overall sensitivity despite
perhaps being less sensitive individually to preclinical AD decline.
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METHODS

Participants

Descendants of patients with confirmed PSEN1 E280A mutations were enrolled into the
E280A Antioquia cohort study between 1995 and 2010 conducted by the Neuroscience
group at University of Antioquia and approved by the medical ethics board of the University
of Antioquia, Colombia (34). Participants in the cohort study must be age 17 years or older;
there are no exclusion criteria regarding medical and neuropsychological monitoring. The
participants or their guardians provided their informed consent. Participants without signs of
dementia are not provided their genetic status. The original dataset is available from Grupo
de Neurociencias de Antioquia, Universidad de Antioquia, Medellin, Colombia.

For the present study, only data from cohort study participants who met the following
criteria were used in the analyses: 1) age 30 or older at baseline (approximately 15 years
prior to median age of clinical onset)(23), 2) were not diagnosed with MCI or dementia due
to AD between the baseline and two- and five-year follow-up visits, 3) had a minimum of
two or five years of longitudinal neuropsychological testing data, and 4) no report of
retardation, cerebral paralysis, cerebral lesion, major psychiatric disease, serious systemic
illness, uncontrolled seizures, or alcohol abuse, which would preclude participation in a
typical clinical trial. The resulting dataset was comprised of 56 PSEN1 E280A carriers and
78 non-carriers for the 24-month analyses, 31 carriers and 57 non-carriers for the 60-month
analyses (Figure 1).

Cognitive and Clinical Evaluations

An initial interview and follow-up examination(s), including medical, psychological and
neuropsychological assessments, were performed by neurologists or psychologists trained in
neuropsychology who were masked to participants’ carrier status. The assessment protocol
included the CERAD (Consortium to Establish a Registry for Alzheimer’s disease)
neuropsychological battery as well as additional tests to further assess constructional
abilities and abstraction which were translated to Spanish and adapted to the cultural and
linguistic idiosyncrasies of the target population (referred to as the CERAD-Col)(23;34-36).

The CERAD-Col assessment battery and details of its administration have been previously
described (23;34-36) and is shown in Table 1. Dementia functional scales were also
administered.

Diagnostic classification followed a procedure previously described (23). Briefly, MCI
criteria included 1) clinically significant cognitive decline as indicated by cognitive test
scores of 2 standard deviations or more away from the mean normal value scores for non-
carriers in at least one test on any cognitive domain, adjusted for age and education, 2)
subjective memory impairment corroborated by an informant. Dementia criteria included 1)
impaired instrumental activities of daily living, 2) impaired activities of daily living, and 3)
meeting DSM-IV criteria for Dementia (American Psychiatric Association, 1994).

J Clin Psychiatry. Author manuscript; available in PMC 2015 February 17.
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Data Analysis

We perform an search of every combination of one to seven cognitive assessments and
calculate the corresponding annualized mean to standard deviation ratios (MSDR) of the
standardized change over time for the cognitively unimpaired PSEN1 E280A mutation
carriers age 30 and older during two (n=57) and five years (n=31) of follow-up. MSDR
values were adjusted for practice effects using data from the kindred mutation non-carriers
(two year follow-up n = 78; five year follow-up n=56) by calculating the mean change of the
composite score in the non-carriers and subtracting this value from the composite score
change calculated in the mutation carriers. The MSDR was chosen as a measurement of
sensitivity to the longitudinal decline for a cognitive test combination, representing the
coefficient of change (the mean of standardized change divided by the standard deviation of
standardized change) and was calculated as:

MSDR=X;

n
Change in composite score Xj:Z 1/
i=1 /7

Where x; is a change in standardized cognitive score i,
n is a number of cognitive scores in the composite
X; is the change in composite score of subject j
oy is the standard deviation of the cognitive scores

The MSDR is quite similar to an effect size, as components of the MSDR are used to
calculate it and, the larger the MSDR value, the greater the sensitivity to detecting and
tracking cognitive decline over time. Prior to calculating the MSDRs, each cognitive
assessment was standardized on a 0-1 scale, similar to a z-score. For assessments that did
not have a predefined maximum score (such as Categorical Fluency), a value of 2 standard
deviations above the mean was used as the maximum.

Results from these analyses were used as one way to assess the combinations and determine
an optimal composite. Tests that were consistently represented in the combinations with the
highest sensitivity and that also demonstrated consistency within separate years of the 2 and
5 year follow-up time period were identified as robust items for measuring change. The
optimal combination was then evaluated for construct validity and was used to calculate the
sample size required in a 60-month trial to detect a 25% treatment effect with 80% power
and p=0.05, as well as the detectable treatment effect a 60-month trial with 75 PSEN1
E280A mutation carriers per treatment arm.

Weighting the optimal composite cognitive test score

After identifying the optimal composite cognitive test score, we examined whether the
MSDR could be increased (and therefore, the sensitivity improved) by weighting the
individual assessments included in the composite. An search of every potential weighting
combination to optimize the sensitivity such that
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where wj; is the weight for test i and subject j and wjj > 0 and ijlzl was conducted in
PSEN1 E280A carriers during the two and five year follow-up period. Note that w;j is the
same for every subject (ie. though weights differ between the tests/sub-test, the weight for
each test/sub-test is constant across all subjects). Data from the non-carriers were used to
adjust for practice effects. The combination of weights that resulted in the largest adjusted
MSDR was then used to calculate the sample size needed to detect a 25% treatment effect
and estimate the treatment effect that could be detected in 75 PSEN1 E280A mutation
carriers with 80% power and p = 0.05.

Evaluating the optimal composite cognitive test score

RESULTS

In order to confirm the sensitivity of the composite cognitive test score, the MSDR of the
composite was compared to the MSDR of the CERAD Word List Recall, an episodic
memory assessment, and the entire MSDR of the CERAD-Col battery. Additionally, to
evaluate the stability of the composite cognitive test score, selected test items from the
composite test score were replaced with a different test item from the same cognitive
domain and the resulting MSDRs and required sample sizes were compared.

Participant Characteristics

At baseline, the PSEN1 E280A carriers and kindred non-carriers did not differ in terms of
age or level of education. The carrier group included in the 2-year analysis had a higher ratio
of males compared to the non-carrier group, but this difference was not present in the 5-year
analysis (Table 2).

Individual Cognitive Assessment Properties

The most sensitive individual neuropsychological tests for differentiating PSEN1 E280A
carriers from non-carriers at baseline included the CERAD Word List Recall, CERAD Word
List Recognition, Recall of Drawings, MMSE Total, and MMSE Orientation to Time
(p<=0.05) (Table 2). The individual neuropsychological tests most sensitive to longitudinal
decline during the five-year follow-up period (unadjusted for practice effect) include
Memory of Three Phrases, Wechsler-Arithmetic, Recall of Drawings, Rey-Osterrieth
Complex Figure-Copy, Constructional Praxis (cube), Raven Progressive Matrices (Set A),
CERAD Word List Recognition-Total Correct, Constructional Praxis, MMSE Orientation to
Time (Table 3). After adjusting for practice effects using data from the non-carriers, the
individual neuropsychological tests most sensitive to longitudinal decline during the five-
year follow-up were nearly identical to those from the unadjusted analysis (Table 3).

J Clin Psychiatry. Author manuscript; available in PMC 2015 February 17.
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Empirically Deriving the Alzheimer’s Prevention Initiative (APIl) Composite Cognitive Test

Score

The combination most sensitive to detecting preclinical cognitive decline related to ADAD,
adjusting for aging and practice effects, that has construct validity and also include tests/sub-
tests that are robust across follow-up time periods consisted of: MMSE Orientation to Time,
CERAD Boston Naming Test (high frequency items), CERAD Word List Recall,
Constructional Praxis and Ravens Progressive Matrices (Set A). Based on the five-year
follow-up data, the total 60-month MSDR of the composite cognitive test score is 1.62. In
comparison, the most sensitive individual cognitive assessment is the Memory of Three
Phrases, with a total 60-month MSDR of 0.99, making the composite cognitive test score
considerably more sensitive to tracking preclinical cognitive decline in ADAD mutation
carriers. Based on the two-year longitudinal data, a shorter study with the same composite
cognitive test score would result in total MSDR of 1.06. This is important to consider as the
MSDR is a coefficient of change (the mean change divided by the standard deviation of
change), in which a larger value indicates the sensitivity of the measure, thereby impacting
the required sample size and detectable treatment effect(24).

Based on the MSDR of the API Composite Cognitive Test Score, 97 PSEN1 E280A
mutation carriers who complete the trial per group age 30 and older are needed to detect a
25% treatment effect in a 60-month RCT (Table 4). In contrast, if using the CERAD Word
List Recall, 1223 mutation carriers per group age 30 and older are needed to detect a 25%
treatment effect in a 60-month RCT, while using the entire CERAD-Col battery would
require 355 carriers per group (Figure 2).

Using the APl Composite Cognitive Test Score, we estimate that a trial of 75 mutation
carriers who complete the trial per treatment arm age 30 and older would permit us to detect
a 29% treatment effect in a 60-month trial (Table 5). In comparison, using the CERAD
World List Recall would permit us to detect a 103% treatment effect, while the CERAD-Col
would permit us to detect a 55% treatment effect.

Results from the sensitivity analyses suggest that substituting either the CERAD Boston
Naming Test (total score) or Categorical Fluency Test (animals) for the CERAD Boston
Naming Test (high frequency items) requires a larger sample size to detect a 25% treatment
effect in a 24-month trial. Substituting the CERAD Boston Naming Test(total score) for the
high frequency items would require 398 participants per group, while replacing the CERAD
Boston Naming Test (high frequency items) with Category Fluency Test (animals), requires
404 participants per group. Similarly, but to a lesser degree, in a 60-month trial, substituting
the CERAD Boston Naming Test(total score) for the high frequency items would require a
larger sample size of 98 participants per group, while replacing the CERAD Boston Naming
Test (high frequency items) with Category Fluency Test (animals), requires 102 participants
per group.

Results from the weighting analyses indicated that applying a higher weighting to the
CERAD Boston Naming Test-High improved the MSDR. Although the weightings had
similar patterns at two and five years, they were not identical. Compared to the original,
non-weighted composite cognitive test score, the weighted composite cognitive test score

J Clin Psychiatry. Author manuscript; available in PMC 2015 February 17.
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requires 69 PSEN1 E280A mutation carriers per group age 30 and older to detect a 25%
treatment effect in 60-month trial. Using the weighted composite in a trial of 75 mutation
carriers per group age 30 and older would permit us to detect a 24% treatment effect in a 60-
month trial (Table 5).

DISCUSSION

We empirically identified an APl composite cognitive test score sensitive to preclinical
cognitive decline in ADAD mutation carriers within 15 years of their estimated age at
clinical onset. We propose that this composite is well-suited for preclinical ADAD trials to
evaluate treatment effects with smaller sample sizes and improved statistical power
compared to the most sensitive individual cognitive assessment or larger test batteries, and
in a manner that is reasonably likely to predict a treatment’s clinical benefit. The API
composite cognitive test score and the analytic approach used in its development appears to
fit into the Food and Drug Administration’s framework in the recent draft guidance
regarding a cognitive assessment being a primary efficacy measure in preclinical AD trials
(37). Moreover, the optimal combination of assessments empirically identified in preclinical
ADAD mutation carriers is quite similar to the composite cognitive test score identified in
older adults who progressed to clinical stages of LOAD(38).

The empirically identified composite cognitive test score consisted of 5 test items targeting
several different cognitive domains. The composite has greater statistical power to detect a
treatment effect compared to that of a single test item (CERAD Word List Recall),
supporting the notion that combining test items can result in better captured variance for
tracking preclinical cognitive decline. The optimal composite cognitive test score is more
sensitive than that of the entire neuropsychological test battery. This is consistent with the
hypothesis that including test items that capture overlapping variation or that are not
sensitive to preclinical AD into the test score can lower the overall sensitivity of the score to
track preclinical cognitive decline. The other reason the entire battery may be less sensitive
than a subset is that the entire test battery may include assessments that are psychometrically
noisy as well as tests that have excellent psychometric properties, thus increasing the overall
variability.

Our optimal composite cognitive test scores incorporates cognitive assessments from several
difference domains complementing those of recent studies, which suggest that preclinical
AD cognitive decline presents in multiple domains, (13;39), in addition to decline in
episodic memory (though it remains a defining trait of preclinical AD)(11-15;23), along
with other studies focusing on cognitive domain specific composite scores based on data
from the Alzheimer’s Disease Neuroimaging Initiative(25;26). These research results
suggest that composite endpoints may offer greater power and sensitivity to detect cognitive
changes.

Confirming the findings in this study, we obtained a very similar composite cognitive test
score from an independent analysis performed in older adults who later progressed to
clinical stages of LOAD. Both optimal cognitive composite test scores consisted of
assessments from the same domains/assessments with the exception of the present study

J Clin Psychiatry. Author manuscript; available in PMC 2015 February 17.
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included a test of Constructional Praxis whereas the other included visual spatial ability test
-Symbol Digits Modalities, despite substantial differences in the cohorts’
neuropsychological test batteries (38). In addition, the results from the API efforts
complement a recent study, that suggested that multiple cognitive domains decline in
preclinical AD, including verbal and working memory, visuospatial, and global
functioning(13).The significant overlap between the two optimal composite test scores
suggests the similar patterns of cognitive decline between LOAD and ADAD, despite
evidently different ages of onset, and possible different time courses and underlying
etiologies and biological processes Likewise, researchers preparing the Alzheimer’s Disease
Cooperative Study (ADCS) “A4” trial in cognitively healthy older adults with amyloid
burden pathology have implemented a similar approach using other datasets and found
comparable results to those reported in this study(4).

Despite the similarity of the composite cognitive test scores, the MSDR of the API
composite cognitive test score empirically derived using the PSEN1 E280A cohort data is
considerably higher than that from older adults who progress to the clinical stages of LOAD
described in a separate report(38). This is consistent with the fact that PSEN1 E280A
mutation carriers are certain to develop symptomatic dementia in a predictable timeline and
clinical course. Additionally, since the PSEN1 E280A carriers are relatively young, the
cognitive decline observed is likely only due to the predisposition to AD, that is, preclinical
AD decline, as opposed to a confounding aging effect that is observed in older adults who
progress to clinical stages of LOAD.

Although individual neuropsychological tests have varying levels of sensitivity to detecting
and tracking preclinical AD decline (measured by their MSDRS), this analytic approach
allowed us to empirically characterize the composite cognitive test score resulting in the
high overall sensitivity to track preclinical decline by simultaneously determining a
combination of individual tests that complement each other to capture as much variability as
possible. As a result, more sensitive cognitive tests/sub-tests may not be included in the
composite endpoint, since these items may correlate with another assessment that captures
the same information and has a higher MSDR. The tests/sub-tests that are included and have
smaller MSDR may measure variability not captured by other assessments in the
combination. This is different from the approach in which each sensitive test is determined
individually at a time and then simply combined to form a composite. The result of the latter
approach may be a composite with a lower sensitivity due to overlap in elements of
variability captured by the tests, making them redundant to each other and in turn weaken
overall sensitivity of the composite. Similarly, the latter approach may result in the loss of
opportunity to identify tests that may be less sensitive on their own, but add to the composite
by capturing additional aspect of variability not captured by other assessments. Another
possible reason our proposed analytic approach resulted in increased sensitivity is that it
helps reduce the impact of error due to other idiosyncratic single test items or sub-domains
in the composite. Moreover, weighting the individual tests in the composite allowed the tests
that capture additional variability or are more sensitive to preclinical ADAD decline to have
a greater effect on the composite test score, resulting in even higher statistical power to
detect preclinical cognitive decline.

J Clin Psychiatry. Author manuscript; available in PMC 2015 February 17.
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In this study, we aimed to characterize the aspects of the disease that decline consistently
across individuals in order to assess effectiveness of a treatment in slowing decline in a
preclinical AD trial, rather than discrimination between those who subsequently progressed
and those that did not, or the neuropathological underpinnings of AD that result in a change
in cognitive functioning. This approach also allows for the incorporation of data from
various points along the preclinical AD stages, just as in a preclinical trial, some participants
may progress to cognitive impairment within months while others remain cognitively
healthy for many years. In addition, we chose to adjust for practice effects (40) to better
capture the cognitive decline specific to AD. The non-carrier group showed an increase on
the AP composite cognitive score, while the carrier group showed a reduction. This
suggests that, unlike the non-carrier group, the carrier group was not able to benefit as much
from prior exposure to the tests. Although it is important to account for differences in study
participants’ baseline cognitive function, the present study did not adjust for such
differences, given that they can be accounted for when analyzing the trial data to determine
whether a treatment is effective at slowing cognitive decline.

There are some limitations to the present study. For instance, development of the optimal
composite cognitive test score was constrained by the starting neuropsychological test
battery used in the Antioquia Cohort study and the composite development sample size
available. That said, we achieved remarkably similar results with independent efforts to
empirically deriving a composite cognitive test score based on data from individuals who
progress to the clinical stages of LOAD(38) despite differences in the cohorts’ starting
neuropsychological test battery. Likewise, scientists preparing for the Alzheimer’s Disease
Cooperative Study (ADCS) “A4” trial in cognitively healthy individuals with significant
fibrillar amyloid burden have undertaken a similar effort using other datasets and have
produced results comparable to those reported here(4). The generalizability and sensitivity
of the composite cognitive test score to other ADAD mutations remains unknown, given the
limited preclinical longitudinal data available. That said, recent evidence has suggested that
there is no significant difference in cognitive measures when comparing PSEN1 mutation
carriers to PSEN2 and APP mutation carriers (41). Additional efforts are underway to
confirm the generalizability and power of the APl composite cognitive test score in other
populations followed to clinical progression (which may include different assessment
batteries), and to estimate the statistical power in different preclinical AD participant groups
(e.g., APOE &4 homozygotes or heterozygotes at different ages, older adults with our
without biomarker evidence of AD). The results from these analyses, along with sample size
estimates, will be reported separately.

In summary, we examined longitudinal data from cognitively unimpaired PSEN1 E280A
mutation carriers within 15 years of their estimated mean age of dementia onset and
conducted an search of every combination of one to seven cognitive assessments to identify
the optimal combination that is sensitive to tracking preclinical AD decline over a two and
five year time period, while controlling for practice effects using data from kindred mutation
non-carriers. The empirically identified APl composite cognitive test score is being used as
the primary endpoint in the first API trial in cognitively unimpaired ADAD carriers within
15 years of their estimated age at clinical onset. This composite endpoint requires fewer
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participants to detect a treatment effect compared to using the most sensitive individual
cognitive test or the entire CERAD-Col neuropsychological test battery. A similar
composite cognitive test score was independently derived in cognitively unimpaired older
adults who subsequently progressed to clinical stages of LOAD(38). As a result of these
efforts, other preclinical trial investigators are extending the APl composite cognitive test
score development strategy for use in their planned trials and studies.
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1074 subjects enrolled and genotyped

201 subjects

(age <30 years old, have cognitive impairment, data
during prespecified follow-up time not available)

!

}

134 subjects with two years of follow up

88 subjects with five years of follow up

!

, .

}

56 carriers

78 non carriers 31 carriers

57 non carriers

Figure 1.

Participant selection
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Figure 2.

PSEN1 E280A mutation carriers per group over the age of 30 required to detect a 25%

Page 16

treatment effect in a 24/60-month RCT using unweighted composite, CERAD Word List
Recall or Entire CERAD battery endpoints with 80% statistical power and 0.05 type-I error.
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Cognitive Assessments

Table 1

Cognitive Assessments

Cognitive Domain Tested

Visual A cancellation tests

Trail making test-Part A

Memory of three phrases tests
Rey-Osterrieth Complex Figure-Recall
CERAD Word List —Recall, - Recognition
Recall of line drawing test

Categorical verbal fluency

Boston naming test

Constructional praxis test

Rey-Osterrieth Complex Figure-Copy

Raven’s progressive matrices (Part A)

Wechsler intelligence scale-arithmetic (revised)

Wisconsin card sorting test
Phonological verbal fluency-F test

Mini Mental State Examination

attention

attention

memory

memory

memory

memory

language ability
language ability
constructional abilities
constructional abilities
abstract reasoning
calculation abilities
executive function
executive function

orientation, memory, attention and concentration, language ability
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Table 3

The most sensitive individual item MSDRs during 5-year analysis

Cognitive Assessment

Unadjusted MSDR  Cognitive Assessment

Adjusted MSDR

Memory of Three

Phrases

Wechsler-Arithmetic

Recall of Drawings

Rey-Osterrieth Complex Figure-Copy
Constructional Praxis (cube)

Raven Progressive Matrices

CERAD Word List Recognition-Total Correct
Constructional Praxis

MMSE Orientation to Time

0.99
0.96
0.85
0.85
0.84
0.81
0.73
0.73
0.73

Wechsler-Arithmetic Memory of Three
Phrases

Recall of Drawings

Rey-Osterrieth Complex Figure-Copy
Raven Progressive Matrices

MMSE Orientation to Time
Constructional Praxis (cube)
Constructional Praxis

Trail Making Test A-Time

1.09
0.98
0.94
0.92
0.85
0.77
0.72
0.68
0.67
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Table 4

Estimated sample size (completers) required to detect 25% treatment effect with 80% power and alpha=0.05

Composite measure® Month  Total n Adjusted MSDR  Estimated sample size (completers)/group

Unweighted 60 56 1.62 97
Unweighted 24 95 1.06 225
Weighted 60 56 1.93 69
Weighted 24 95 1.19 179

*
Composite measure includes: CERAD Word List Recall, CERAD Boston Naming Test-High, MMSE Orientation to Time, Constructional Praxis,
and Raven’s Progressive Matrices

CERAD = Consortium to establish a Registry for Alzheimer’s Disease

MMSE = Minimental State Exam
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Table 5

Page 21

Estimated minimal detectable treatment effect required using with 75 completers per group, 80% power and

alpha=0.05
Composite measure”  Month  Total n Adjusted MSDR  Detectable treatment effect
Unweighted 60 56 1.62 29
Unweighted 24 95 1.06 44
Weighted 60 56 1.93 24
Weighted 24 95 1.19 39

*
Composite measure includes: CERAD Word List Recall, CERAD Boston Naming Test-High, MMSE Orientation to Time, Constructional Praxis,

and Raven’s Progressive Matrices

CERAD = Consortium to establish a Registry for Alzheimer’s Disease

MMSE = Minimental State Exam
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