
 

The 2012 Autumn conference ended with a session on “Stratified Medicine and Targeted 

Clinical Trials for Alzheimer’s Disease (AD) Drug Development in Light of Recent Phase III Trial 

Results” chaired by Lon Schneider, Terry Goldberg and Larry Ereshefsky.  

 

The session began with Larry Ereshefsky describing ISCTM’s extended history of facilitating 

communication between multiple stakeholders in symposia, communications with regulatory 

agencies, the academic community, in order to promote discussion and innovation in the 

design and conduct of AD clinical trials and methodology. Beginning in 2005 and in the current 

session and culminating in the Society’s future involvement in a methodological session at the 

AAIC Boston 2013 meeting, ISCTM has been a forum to grapple with many of the difficult 

challenges facing drug development for this devastating disease .  Dr. Ereshefsky pointed out 

that given the tremendous costs and time frames necessary for the fulfillment of a ‘traditional’ 

regulatory path a further exploration of novel strategies to accelerate and improve trials design 

was needed including but not limited to the following: stratified enrollment such as ‘banding’ 

different ages/stages of illness in a disease course modification/prevention trial including 

treatment arms for pre-clinical, MCI, mild, and moderate patients; selection of high risk 

volunteers/patients with potential accelerated course to demonstrate proof of concept  

(familial Alzheimer’s disease, or APOE4 genotype); interim analyses to satisfy a modified 

regulatory approval process that incentivizes investment in long-term trials, including provision 

for study continuation to occur as a post-marketing commitment;  and incorporation of 

naturalistic designs where all subjects are given the opportunity to remain in the protocol 

whether or not ‘dropped from treatment’.  Other issues he wanted the audience to consider 

included  the development and validation of more sensitive neuropsychological testing and 

improved measures to assess long-term treatment effects, as well as the use of prodromal /pre-

clinical biomarkers, cognitive and/or behavioral symptoms to reliably identify ‘at risk’ subjects.   

Mark Trusheim formally started the session by placing stratified medicine in a clinical context in 

which information about variances and not averages are deemed as important as is the need to 

carefully examine the raw data.  Stratified medicine’s real value derives from the innate 

variability of patient response to the drug treatment.  He went on to cite bapinuzemab as a 

case study for using stratification based on ApoE carriage as a way of understanding prognostic 

power.  Event trees and simulations make it possible to determine outcomes such as the 

probability of technical success and regulatory success for well known biomarkers; however, 

the lack of knowledge regarding the prevalence of ApoE in the clinical population makes these 

exercises difficult.  Biomarker prevalence, therapeutic effect distribution, and companion 

diagnostic clinical performance are three key factors in defining the enrichment potential for 

any given study and it was noted that no companion diagnostic perfectly selects responders.  

Dr. Trusheim declared that it is essential not to confuse those who are ‘biomarker positive’ with 

‘drug responders’.  Given that Phase I/Proof of Response studies are clearly too small for 

measuring variance and to discover therapeutic variance for population selection biomarkers, 

Dr. Trusheim advocated  a move back to old, large Phase II designs that are sufficiently powered 

in order to gather useful data in regards to stratification.   

 



Terry Goldberg directed the next session entitled “ApoE in Neuroprotection and 

Neurodegeneration: Molecular, Biomarker, and Cognitive Studies of ApoE2 and ApoE4”.  

Although much is known about ApoE4 in terms of increasing AD risk relatively less is known 

about ApoE2 which is a more stable isoform that has been shown to reduce AD risk by 0.54.  

Thus, it is the most significant common variant in the genome that is neuroprotective against 

AD. This variant is present in 8% of the general population and is associated with increased 

longevity. It is modestly associated with cerebral amyloid angiopathy (CAA).  The ApoE2 isoform 

undergoes less proteolysis and has lower binding to LDLR lipoid receptors in the brain. 

However, it does bind to LRP1 in the vasculature and is much better at clearance of Abeta via 

the BBB.  Both protein abundance and Abeta clearance provide pathways for ApoE2-based drug 

development.  In a cluster analysis of MRI, cognition, CSF tau and Abeta that was conducted 

independent of ApoE genotype in normal healthy elderly volunteers, Dr. Goldberg   reported 

that the ApoE2 subjects were disproportionately represented in an advantageous biomarker 

profile cluster, suggesting not only an “E2-signature,” but perhaps a form of exceptional aging. 

Additionally, E2 subjects with MCI were  least likely to convert to AD in a five year study.  

Interestingly, E2 was a more robust protective factor than cognitive reserve proxies (e.g., 

education, IQ, etc.). Next, Dr. Goldberg  examined the AD risk variant E4 carriage in otherwise 

normal healthy volunteers Dr. Goldberg was able to show an age x ApoE carriage interaction on 

magnetic resonance spectroscopy (MRS). Differences in choline and myo-inositol, the latter of  

which tracks inflammatory processes, were most evident in older E4 individuals.  Additionally, 

MRS measures mediated the relationship between ApoE and cognition, as shown in structural 

equation modeling.   

The next presentation by Eric Reiman involved strategies for the accelerated evaluation of 

preclinical AD treatments in ApoE4 and autosomal dominant mutation carriers.  Dr. Reiman 

proposed a definition of preclinical AD treatments as “interventions started in the absence of 

MCI or dementia and intended to postpone the onset, reduce the risk of, or completely prevent 

the clinical stages of AD”; a definition that has been accepted by US regulatory authorities.  It 

was argued that there is an urgent need for these types of studies, that there were many 

suggested but unproven “healthy lifestyle” interventions, and that there now appear to be 

appropriate investigational AD-modifying treatments that have come too late in the clinical 

course to be successful.   Up until now these studies were largely viewed as requiring too many 

research participants, too much time and money and would rely  too much on poorly qualified 

AD biomarkers for use as :acceptable’ regulatory surrogate endpoints.   Reliance on surrogate 

endpoints would result in a corresponding lack of investigational AD-modifying treatment 

safety and tolerability data.   

However, AD biomarkers need to be further characterized and compared in clinical trials in 

order to determine the extent to which they can be used as surrogates for effective treatments; 

to identify confounding treatment effects unrelated to AD modification; and to determine the 

extent to which a treatment’s effects on biomarkers, alone or in combination are “reasonably 

likely” to predict a clinical benefit.  Dr. Reiman went on to elucidate the goals and design of 

Alzheimer’s Prevention Initiative (API)) which is a study program designed to accelerate the 

evaluation of preclinical AD treatments by examining preclinical AD treatment/biomarker 



development trials in people who based on their age and genetic background are at the highest 

imminent risk of AD symptoms.  The goal is to enroll approximately 3300 E280A PSEN1 

mutation kindred members in Antioquia, Colombia as well as 250,000 autosomal dominant 

EOAD kindred participant persons in North America within 15 years of clinical onset.  This will 

be a double-blind, placebo-controlled trial for up to 60 months comparing crenezumab 300 mg 

every two weeks and placebo with a primary endpoint reflecting change in the API composite 

cognitive score.  A 24-month interim analysis using florbetapir and FDG PET, MRI, CSF and 

several cognitive/clinical endpoints is also planned and the anticipated start date is 2
nd

 quarter 

2013.  Although the primary goal of this study is to evaluate an anti-amyloid therapy in the 

preclinical treatment of autosomal dominant AD this study should also help the AD research 

community will also help by providing a better test of the amyloid hypothesis and better qualify 

biomarkers for use as reasonably likely surrogate endpoints in preclinical AD trials.   In addition 

to giving patients at highest imminent risk for AD access to investigational treatments this trial 

will help to provide a foundation for other preclinical AD trials, complement, support and 

benefit from other initiatives (including the planned DIAN and A4 trials) and provide a resource 

of data and samples to the scientific community after the trial is over. 

Lon Schneider gave the final presentation entitled “Simulating Stratified Medicine Trials in AD.”  

The issue of stratified trials was presented in the context of considerable obstacles to 

translating pre-clinical research to clinical  research coupled with the urgency to do more trials 

with fewer (and sometime even more) patients and to “get a signal” earlier despite the  

appearance of  too many drugs and no validated targets.  Dr. Schneider noted that clinical trials 

often don’t turn out as planned and are often underpowered to test the hypothesis.  As a result 

trialists often blame the statistics, models, sites, placebos, cholinesterase inhibitors, outcomes 

measures and then try to improve the next trial by tweaking, e.g., inclusion criteria, outcomes, 

follow-ups, and biomarkers in a belief that this will “reduce heterogeneity”.  However, these 

are complex problems and AD trialists stand to be disappointed when they rely on simple 

solutions.    

By way of backdrop Dr. Schneider noted that post hoc analyses of AD trials based on ApoE4 

carriage vary on their outcomes.   ApoE4 is the strongest risk factor for AD and associated with 

age of onset of AD it has received particular attention for stratified medicine approaches.  

Results of these studies have provided interesting but often contradictory results with some 

results possibly being due to play-of-chance in underpowered analyses, while other results may 

be due to actual interaction of the drug with the subgroup.  Dr. Schneider went on to review 

trials that published outcomes based on ApoE carriage, trials simulations derived from ADNI on 

Abeta biomarkers, and clinical trials simulations derived from ADCS trials and ADNI that 

empirically test the efficiency of developing drugs based on trials scenarios of ApoE carriage 

and specifically, what might be gained by certain stratified medicine assumptions. 

When evaluating simulation data for MCI conversion to AD studies, Dr. Schneider reported that 

70-74% of MCI patients were Aβ42 biomarker positive but that patients show little mean change 

with considerable heterogeneity in clinical course.  Requiring biomarker criteria typically 

resulted in 2-5% increase in power (up to 7% in a few scenarios).  He did report that there were 

greater mean differences between placebo and treatment with biomarker criteria added (for 



ADAS-cog); however, there were also greater increases in standard deviation sizes that reduced 

the overall effect sizes.  When examining ApoE based simulations he also showed that carriage 

made no difference in study outcome and that this had little to do with treatment response. He 

noted that less than 10% were ApoE2 patients and no signal would be expected.  

Dr. Schneider concluded that previous trials using targeted designs in AD were either 

misleading or didn't achieve their intended purpose and specifically that using an ApoE or Abeta 

biomarker doesn't affect trials except hypothetically.  He cautioned that trialists should not use 

stratification on a biomarker unless  it is known clearly how ApoE carriage status will interact 

with treatment and how it will affect outcome measures for both biomarker positive and 

negative patients as the efficiency of a targeted design depends on the effectiveness of the 

drug in both the biomarker positive and negative groups, the proportion of biomarker positive 

patients in the sample, and the accuracy of the assay.  The proposed treatment must be 

substantially more effective in the biomarker positive patients than in the excluded biomarker 

negative group  

Results provided empirical estimations of the distribution and accuracy of outcomes and 

potential biases when selecting patients for future trials.  However, requiring positive 

biomarkers, whether Abeta or ApoE may select from the extremes of the distribution and may 

increased within-group variability that actually offsets any increases in mean differences.  It is 

unknown if low CSF Aβ42 patients or ApoE4 non-carriers would be more likely to respond to an 

experimental drug or if an effect could be detected more readily.  The opposite could also be 

true - namely that targeted design trials that select only low Aβ42 patients or ApoE4 non-

carriers may inadvertently select those who are less likely to benefit from treatment.  The use 

of current biomarkers after a diagnosis of MCI due to AD may not achieve the goal of 

identifying AD patients early enough in their illness course to detect an effect for a disease-

modifying drug. 

In summary Dr. Schneider suggested that selecting prodromal AD patients for a clinical trial 

based on CSF Aβ42  or ApoE4 biomarker criteria will likely identify more severe patients but not 

enhance statistical power.  He advocated that absent a strong rationale to do otherwise it may 

be more relevant to not require current biomarkers for trial entry in this setting and to restrict 

biomarker use as explanatory or stratification variables only when there are reasons to do so.  

Finally, he opined that simulations provide a reasonable way to manage design considerations 

in clinical trials that was better than expert opinion and conventional wisdom.  

Barry Greenberg summarized the session by leading the panel discussion at the end of the 

session.  He began by asking a series of provocative questions regarding stratification and its 

application to AD trials.  He suggested that trialists may be looking for treatment effects 

stratified according to a pathway biology that researchers don’t actually understand.  AD and 

related indications are highly heterogeneous and there is natural variability in normal brain 

aging that can mask as MCI, there is a high prevalence of mixed dementias, and differing 

trajectories of progression, variable pathology/pathogenesis.  As such researchers may be 

stumbling out of the starting gate by conceptually homogenizing AD. It is also possible that the 

lack of stratification findings is simply an example of a highly rational strategy applied to the 



wrong therapeutic agents.  He also noted that there is much discussion that earlier intervention 

appears now to be akin to being better suited for disease modification trials.  However he 

opined that better is the thinking that AD trialists need to expose the right drugs to the right 

subjects at the right time in the course of their disease as recent trials suggest that trialists may 

be able to move biomarkers, but without impact on clinical outcomes.  In fact, it is still 

unproven that treatment can actually move clinical outcomes in any disease modification trial 

design.  The community remains in need of the right clinical outcome in the right subjects at the 

right time in the course of their disease.  


