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Abstract

Drug discovery efforts in Alzheimer’s disease depend increasing-
ly on systems to classify patients according to markers that reflect
underlying pathological mechanisms. Such factors include prognos-
tic indicators, such as genetic variants, as well as molecular markers
and neuropathological subtypes with predictive or prognostic value.
This review discusses how such markers might be used to identify
probable responders to a drug and suggests a systematic frame-
work within which clinical trials may classify patients according to
disease state. Specifically, patients are likely to be clustered into ho-
mogeneous groups through a tiered system of stratification: first by
the presence or absence of high-effect variants, then by functional
similarity among less penetrant polymorphisms, levels of particular
molecular biomarker classes, and neuroanatomical or symptomatic
state.
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Introduction

Alzheimer’s disease (AD) culminates in a prominent phenotypic
endpoint in the form of progressive cerebral neuronal atrophy. None-
theless, recent clinical and pathophysiological evidence suggests
that this common outcome may stem from a variety of causative
pathways, each with variable contributions in particular subgroups
[1]. Disease-modifying treatments are likely to rely on both early

*Corresponding author: Clara C Cousins, Department of Molecular and Cellular
Biology, Harvard University, Cambridge, MA 02138, USA, E-mail: cousinsc15@
gmail.com

Citation: Cousins HC, Cousins CC (2020) A Framework for Patient Stratifi-
cation in Clinical Trials for Alzheimer’s Disease. J Alzheimers Neurodegener
Dis 6: 033.

Received: December 24, 2019; Accepted: January 20, 2020; Published: Jan-
uary 27, 2020

Copyright: © 2020 Cousins HC, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

detection of disease and personalized interventions for particular AD
variants, requiring markers with both predictive and prognostic val-
ue [2]. Accordingly, accounting for heterogeneity among AD patients
has become a principal focus of drug discovery efforts in the field.
This review discusses sources of heterogeneity in AD and presents
a systematic framework for stratifying patient populations in clinical
trials for drug candidates in preclinical and prodromal AD.

Factors Contributing to AD Heterogeneity

AD is a complex disease with competing etiological hypotheses.
The strongest evidence for the dominant amyloid-b (Ab) theory stems
from the identification of highly penetrant familial AD mutations
in amyloid precursor protein (APP) and presenilin (PSEN) 1 and 2,
which comprise the core components of a cleavage pathway leading
to production of the Ab42 isomer [3]. Monomeric Ab42 can form
fibrillary, extracellular aggregates in the form of amyloid plaques that
characterize the later stages of the disease. However, it remains un-
clear whether the amyloid cascade is causative in all forms of AD,
since improved cerebral Ab42 clearance does not always correlate
with slowing of either neuronal atrophy or cognitive decline [4-6].

Vascular factors have also been implicated in AD pathogenesis.
The high correlation of the apolipoprotein E4 (APOE4) variant with
AD onset, with an odds ratio as high as 15:1, supports a vascular dis-
ease pathway, since mutant APOE has been shown to elicit an inflam-
matory response that disrupts endothelial structure within the micro-
vasculature [7]. Similarly, polymorphisms in angiogenic regulators,
such as VEGF and angiogenin, have been associated with sporadic
AD [8]. Indeed, microvascular dysfunction appears in a significant
proportion of AD cases, both cerebrally and systemically [9]. Perhaps
most crucially, evidence from arteriopathic encephalopathies such as
CADASIL and Glutl-induced epilepsy suggests that primary micro-
vascular deficits can precede secondary neurodegenerative effects
[10,11].

While these hypotheses do not account for all sources of patho-
logical contribution, taken together they provide a useful framework
for understanding disease heterogeneity through the so-called “multi-
hit hypothesis” of AD [12,13]. In brief, vascular risk factors induce
dysfunction in the microvasculature and disrupt systemic blood flow,
leading to capillary hypoperfusion, accumulation of toxic metabo-
lites, and, in combination with genetic factors, Ab deposition near
the vasculature. All of these secondary outcomes combine to produce
neuronal injury.

Clinical Trial Design in AD

An ideal patient stratification scheme should account for differing
contributions from all relevant risk factors, which might include ge-
netic predisposition, molecular indicators, and pathological stage. To
date, AD clinical trials have fallen into one of four broad classes (Ta-
ble 1). The earliest trials, beginning with tacrine (Pfizer) in 1987, were
“general-participant,” enrolling patients with symptomatic diagnosis
of mild-to-moderate AD [14]. The first immunotherapy trials, most
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notably AN-1792 (Elan) and solanezumab (Eli Lilly), fell into this
class and uniformly failed due to inefficacy [15,16]. Assuming that
these failures stemmed in part from late detection, subsequent studies
shifted toward mild cognitive impairment (MCI) as a therapeutic tar-
get. While MCI trials led to two modestly symptom-improving drugs,
an inability to distinguish pre-AD MCI reliably from other forms of
dementia based on psychological evaluation has led to the discontin-
uation of MCI as a mainstream target indication for AD-modifying
treatments [17].

Notable phase 2/3 AD clinical trials are classified by study type
and by stratification criteria. More recent trials tend to incorporate a
greater variety of stratification tools.

The first trials that specifically addressed sources of AD hetero-
geneity began in 2001, enabled by the development of clinically rel-
evant dementia ratings as long-term endpoints and effective methods
of determining Ab load and APOE genotype [18]. This class of long-
term, disease-modifying (LTDM) trials remains the de facto standard
and includes several phase-3 anti-Ab trials, such as solanezumab and
bapineuzumab [19,20]. However, the failure rate of this trial class has
led many companies to consider two newer models that incorporate
more sophisticated patient clustering methods. These trial structures
impose stringent eligibility requirements, with smaller cohorts ob-
served for longer durations. Prodromal trials, for instance, employ
prognostic biomarkers like circulating Ab42 and amyloid posi-
tron-emission tomography (PET) scans as both entry criteria and in-
dices of change [21]. In contrast, prevention studies such as the TOM-
MORROW trial and Dominantly Inherited Alzheimer Network Trial

Unit (DIAN-TU) rely on predictive polymorphisms to identify and
treat high-risk patients decades before the onset of symptoms [22,23].

A systematic Framework for AD Patient Stratification

Prodromal and prevention trials represent the fastest growing
classes of AD clinical studies, and their continued advancement is
contingent on the development of efficient means of categorizing pa-
tients according to AD risk and severity. In combination, they suggest
a structure for tiered patient stratification schemes in AD, which have
already begun to emerge in recent prodromal trials (Figure 1) [24].

Figure 1: Biomarker analysis can supplement traditional diagnostics to stratify pa-
tients into more homogeneous treatment groups. The integration of clinical imaging,
amyloid detection, vascular risk factors, and genotype can enable patient populations
to be clustered by common disease mechanisms and ultimately targeted with path-
way-modifying therapeutics.

Patient stratification criteria

Trial name (Sponsor) .
Type [Identifier] Treatment Duration Cognitive
status
AN-1792 (Janssen) AN-1792 2001-2003
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Prevention DIAN TU (Washington Gantenerumab
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[NCT01998841] Crenezumab 2013-
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Table 1: Summary of notable clinical trials for Alzheimer’s disease from 2001 to 2019.
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The ultimate goal of a stratified approach to drug development
in AD is to identify pharmacologically relevant disease subtypes at
any stage where a clinically meaningful intervention can be made.
As such, the approach will likely lend itself best to prevention tri-
als for familial AD and preclinical and prodromal trials for sporadic
AD, although LTDM trials may also benefit. After enrolment, primary
patient clusters will first be generated according to a small number
of highly penetrant genetic variants. These include mutations in APP
and PSEN1/2, which implicate a dysfunctional APP cleavage path-
way as a source of Ab deposition, as well as some APOE variants,
which suggest a more significant contribution from vascular factors.
These categories can be further refined according to risk-associated
mutations in related pathways, which are vastly greater in number
and collectively account for a larger proportion of AD heritability, al-
though the genomic mechanisms of AD Neurodegeneration continue
to be explored [25]. Accounting for the combination of rare variation
with high effect size and common variation with low or even am-
biguous effect size will enable genetically similar patient clusters to
be defined before treatment administration, as has been successfully
demonstrated in the development of immune checkpoint inhibitors
for solid tumours. Pathways analysis can also facilitate the catego-
rization of distinct risk-associated factors as “like” and “non-like,”
allowing comparison between individuals with different haplotypes.

Accounting for genomic variation is crucial to the generation of
scalable, homogeneous patient clusters for several reasons. First,
genetic polymorphisms provide predictive value that cannot currently
be obtained from molecular biomarkers. Furthermore, the lack of
informative blood-based biomarkers means that determination of
molecular biomarker levels is highly invasive, requiring either CSF
extraction or PET-tracer injection [26]. Genetic analysis, while still
restricted by cost, avoids the underlying problem of invasiveness and
is therefore more likely to scale to large populations. Finally, it is
thought that unidentified genetic factors explain a significant propor-
tion of AD heritability [25]. These include both rare mutations with
large effect size (such as polymorphisms in BIN1) and common but
low-risk mutations, both of which are difficult to identify through tra-
ditional genome-wide association studies [27].

Once patients have been classified according to the presence or ab-
sence of dominant and risk-associated mutations, molecular biomark-
ers might provide some additional indication of disease state. Such
markers are likely to include specific, cerebrospinal-fluid (CSF) based
indicators like monomeric Ab42, phosphorylated tau-181, and total
tau, as well as nonspecific, systemic markers such as micro vascular
dysfunction [28]. PET imaging of cerebral amyloid deposition may
also provide a valuable tool for further clustering, along with MRI
analysis of regional atrophy in the brain. Finally, traditional cognitive
profiles such as mini mental state evaluation (MMSE) may provide an
additional dimension within each cluster [3]. Measures of non-cere-
bral pathology related to AD may also provide valuable information
for resolving disease heterogeneity. For instance, video microscopy of
the nail fold capillary (NFC) bed has demonstrated value as an inex-
pensive, non-invasive biomarker for AD dementia [29]. Such markers
may provide insight into systemic contributions to vascular dysfunc-
tion in AD dementia.

It is important to note that using multiple tiered criteria for
stratification does not necessarily limit the ultimate targetable
population to restrictively small subsets of patients. Subtypes may
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share common targetable features (i.e., high cholesterol) downstream
of distinct molecular causes. For instance, several studies have
investigated the vascular component of AD by using anti-hypertensive
drugs specifically in AD patients with hypertensive risk factors
[30]. However, if a drug shows efficacy in a patient subgroup, path-
ways-analysis tools can be used to identify other groups that are likely
to respond, as is common practice with new oncology therapies [31].

Conclusion

Development strategies for AD drug discovery are shifting toward
the use of patient populations that are highly stratified with respect
to underlying etiological factors. Current patient clustering methods
rely on genetic classification, biomarker levels, and symptomatic
differences, and future trials are likely to incorporate multiple features
as predictive indicators of response. Specifically, a tiered system of
patient classification may be most effective, using highly penetrant
mutations, risk-associated variants, biomarker expression, and symp-
tomatic classification. A system stratifying patients in these dimen-
sions might also be supplemented by a scoring algorithm that weights
different risk factors into a composite score, similar to the TOM-
MORROW trial’s biomarker risk assignment algorithm (BRAA).
While retrospective application of this technique may be useful for
identifying relevant biomarkers, clinical development of new drug
candidates will ultimately require patient stratification in advance of
treatment. Hopefully, as the toolkit for evaluating neurodegenerative
heterogeneity expands, drug development in AD might begin to real-
ize the potential of a precision-medicine approach.
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