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Introduction
Per the FDA Guidance for Industry, composite endpoints will be considered in
early Alzheimer’s disease (AD) clinical trials
Composites already exist, but could be less than ideal for pre clinical AD trials
• Waterfall problems from ceiling effects
• Developed on symptomatic populations
• Comprised of measures thought to be ‘best’ might not be sensitive in pre
clinical AD

What if we could develop a composite of cognitive tests which is
sensitive amyloid related cognitive decline in pre clinical AD patients?
• A composite derived from real-world data on pre clinical individuals
• Replicated across multiple datasets in parallel
• Driven by the data, not opinion
• Useable in global clinical trial settings
PACC-R* is just that
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PACC-R
• A data driven approach building on the ADCS-PACC*
• Collaborative effort, datasets from four studies included
•
•
•
•

•

Charles F. & Joanne Knight Alzheimer's Disease Research Center (Knight
ADRC)
Alzheimer's Disease Neuroimaging Initiative (ADNI)
Australian Imaging, Biomarkers and Lifestyle Study (AIBL)
Mayo Clinic Study of Aging (MCSA)

Curated by Cognition Metrics
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PACC-R
Instead of a handful of NP tests thought to be most closely associated
with AD , we started with a large list of cognitive tests
• MCSA dataset started with 32 potential tests
• No composites, diagnostics, or potential waterfall effects
• No paragraph recall or other tests which pose significant challenge in
translating to multiple languages and administering across cultures
• After applying these criteria the Mayo dataset had 13 remaining candidate
measures for the composite

The idea was to set up each dataset to be as close to a pre-clinical AD
clinical trial where amyloid is the target of interest as possible
• Required cognitively unimpaired (CU) at baseline with known amyloid
status (AB)
• Each site used their own cognitive diagnosis (also required CDR = 0) and PET
AB measure

• Required at least one follow-up visit after baseline with cognitive
testing
• CU and AB+ (SUVR 1.4+) are the pre clinical AD group, the individuals
who will experience AB related cognitive decline
• CU and AB- are the “responders”, the individuals who don’t have AB
related cognitive decline

*Either

or both e4 alleles

Variable Selection
Variable selection methodology has evolved with the availability of
increased computing power at out fingertips. Least absolute shrinkage
selection operator (Lasso)* is one option. Lasso is a form of penalized
regression very useful in selecting variables for model inclusion.
• I assured everyone we could make this work
• By the way, lasso doesn't work to select dependent variables
• Furthermore, lasso doesn’t work on longitudinal data

"If somebody offers you an amazing opportunity but you are not sure
you can do it, say yes – then learn how to do it later!" – Richard
Branson
*Tibshirani, Robert. 1996.

“Regression Shrinkage and Selection via the lasso”. Journal of the Royal Statistical Society. Series B (methodological) 58 (1). Wiley: 267–
88. http://www.jstor.org/stable/2346178

Why Lasso?
• Lasso is a data driven variable selection method
• It is tolerant of multicollinearity
• Very effective in avoiding overfitting
To make lasso work we needed to flip the regression equation. What
would have been amyloid status predicting the composite outcome, we
now have the list of cognitive tests predicting amyloid status as a
logistic regression type problem.

Each dataset standardized candidate cognitive measures into a z-scores
• Baseline mean and standard deviation used for follow-up visit z-score
calculations

Three desirable trial lengths: 36, 48, and 60 months
• Annualized rate of change calculated for each cognitive measure z-score, at
each of three time points
• MCSA visits are at 15 month intervals
• (30 month – baseline) / years since baseline
• (45 month – baseline) / years since baseline
• (60 month – baseline) / years since baseline

Missing data were imputed prior to lasso using random forest imputation*

• This routine doesn’t accept missing data, missing data weren’t the driving factor
for imputation
• Random forests (RF) perform well in high dimensions, complex interactions, and
are non-parametric
• Trains a RF on the existing data then predicts the missing iteratively

Optimal tuning parameter/penalty determined using cross validation (10 fold) in
the glmnet R package+
• Ran the three trial scenarios separately
• Optimal penalty applied and lasso selected the subset of cognitive measures
for inclusion in the composite
• Lambda 1se was used
*Stekhoven,

D.J. and Buehlmann, P. (2012), 'MissForest - nonparametric missing value imputation for mixed-type data', Bioinformatics, 28(1) 2012, 112-118,
doi:10.1093/bioinformatics/btr597.

+

“CRAN - Package glmnet". r-project.org.

Lambda minimum
Lambda 1se

Creation of a Composite
• A lot of reasons exist to include or exclude MMSE
• We did run lasso selection with and without
• Ultimately we examine the effect of MMSE explicitly

• Lasso selected variables across datasets show remarkable overlap,
but not a perfect match
• Selected variables synthesized to satisfy the same paradigms in all
datasets
• Small amount of human intervention to “massage” into a single list of
variables for each dataset

Calculate the Composite(s)
The PACC-R composite is simply the mathematical mean of the
available measures
PACC-R =

𝑆𝑆𝑆𝑆𝑆𝑆 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑧𝑧−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

MMSE remains a highly regarded measure, we created an additional
composite including it for comparison purposes
PACC-R+MMSE =

𝑆𝑆𝑆𝑆𝑆𝑆 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑧𝑧−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎𝑎𝑎𝑎𝑎 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑧𝑧−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

Composite Performance
• Compared performance of PACC-R, PACC-R+MMSE and ADCS-PACC in
the AB+ and AB• ADCS-PACC calculated as described in the literature

• Hierarchical models (linear mixed effects models) used on
longitudinal data
• No imputed data, random intercepts, random slopes
• Effect size calculated, difference between slopes of AB+ and AB• Modified Cohen’s D

Effect Size =

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑜𝑜𝑜𝑜 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
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Slope Difference Effect Size in PACC at Year 4
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Slope Difference Effect Size in PACC at Year 5
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PACC-R Conclusion
• Replication!
• Easy to simulate outcome groups
• AB+ is normal AB related cognitive trajectory
• AB- would be responders to an AB drug

• Data driven approach to assess AB related cognitive decline
• Does this extend to MCI/Early AD?

MCI and Early AD
The same four datasets in a separate effort tried extending the lasso
methodology to an MCI/Early AD sample
• Met with significant challenges to using lasso

• In early AD no “responder” group exists to simulate an effective AB drug since
early AD w/o AB+ isn’t the right pathway, had to use CU AB• Lasso couldn’t discriminate these two groups with the same subset of
cognitive tests
• Floor effects now where MCI/EAD aren’t declining in some measures

• Instead we modeled all permutations of the available cognitive tests
(2-7 in a model) in the MCI/EAD AB+ group in LMM
• This work was presented 2018 ISCTM and the result is now known as
EMACC*
*Jaeger
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