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Abstract

disease therapeutics development.

effective treatments for the condition.

Background: Alzheimer's disease is a heterogenous disorder with multiple phenotypes and genotypes, although
they eventually converge to a final common clinicopathological endpoint. However, Alzheimer's disease drug trials
do not account for the heterogeneity of the disease in trial design, impeding development of effective drugs.

Discussion: Alzheimer's disease drug trials commonly have wide inclusion criteria that subsume multiple subtypes
of the condition, with varying genotypes, phenotypes, and clinical courses. The outcome variables used in many
trials may not be sensitive for the particular disease subtype and trials may not follow patients for the appropriate
length of time necessary for the subtype of disease. Methods of stratifying treatment trial design to account for
disease heterogeneity using algorithms incorporating demographics, neuroimaging, genetics, and clinical phenotypes,
as well as more tailored outcome measures, are proposed to allow for personalized, precision medicine in Alzheimer’s

Summary: Approaching Alzheimer's disease as a heterogenous disorder will likely improve yield in the search for
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Background
The current landscape of Alzheimer’s disease drug trials
is gloomy. One possible reason for this is that trials are
designed as though Alzheimer’s were a monolithic dis-
ease. Yet, Alzheimer’s disease includes several subtypes
with different clinical phenotypes and degrees of path-
ology, associated with varying demographics and clinical
courses [1-5]. It is important to reliably quantify this
heterogeneity to determine the efficacy of any drug [6].

Consider Ms. Y, a 65-year-old clerical worker with
aphasia and memory loss beginning at age 55, forcing
her to retire at age 58. Diagnosed with Alzheimer’s dis-
ease at age 60, she progressed over the next 5 years, with
her mini-mental state examination (MMSE) score de-
clining to 18 at age 65, with increasing difficulty
functioning.

She then enrolled in a treatment trial, satisfying the in-
clusion criteria of being between 50 and 88 years of age,
scoring between 16 and 26 on the MMSE, and with
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laboratory and neuroimaging data consistent with prob-
able Alzheimer’s disease. However, these common criteria
encompass vast phenotypic and genotypic variability.

Mr. Z, a 77-year-old financier, was eligible for the
same trial although his Alzheimer’s disease was quite dif-
ferent from Ms. Y’s. He denied issues but was evaluated
at his wife’s insistence for two years of cognitive decline. Di-
agnosed at age 76, with a positive amyloid scan, his MMSE
was 25 a year later. He continued to oversee his company’s
operations without significant language disturbances.

These two patients illustrate the heterogeneity of Alz-
heimer’s disease, biomarker proven, but with widely dis-
parate age at onset, clinical presentation, and course.
Yet, in the trial, they would be grouped together, and
followed for about a year and a half using various out-
come measures, including the MMSE and the Alzhei-
mer’s Disease Assessment Scale-Cognitive (ADAS-Cog)
subscale scores. However, one would expect them to
have different outcomes based on the variability at entry
and the outcome measures chosen. Any efficacy of the
agent would be ameliorated by the heterogeneity of the
group—based on genetics, co-morbidities, brain regions
affected, and preexisting cognitive and brain reserves [6].
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Discussion

Current Alzheimer’s disease treatment trial design is as-
sociated with several concerns. The age range for inclu-
sion in Alzheimer’s trials encompasses both early- and
late-onset Alzheimer’s patients. People with sporadic,
early-onset Alzheimer’s disease like Ms. Y generally have
more aggressive courses than those with late-onset Alz-
heimer’s disease like Mr. Z. Controlling for age does not
account for inherent phenotypic differences between
early and late-onset Alzheimer’s disease. Even within
early-onset Alzheimer’s disease, significant variability in
phenotype, pathology, and disease duration exists, modi-
fied by mutations and variables such as apolipoprotein
E(APOE) status [7]. Aside from the age at onset differ-
ence, Ms. Y and Mr. Z had different subtypes, with Ms.
Y’s form, with language impairment, being more aggres-
sive [4]. Various subtypes of late-onset Alzheimer’s dis-
ease have been described, with distinct demographics,
clinical phenotypes, and neuroimaging and cognitive
profiles. In a cohort of 648 patients with repeated
follow-up, the mean length of commonly used Alzhei-
mer’s disease stages was comparable to their standard
deviations, suggesting a high level of interindividual
variability, which may make drug efficacy difficult to
establish [6].

In a well-delineated cohort of 938 patients, eight dif-
ferent subtypes of Alzheimer’s disease based on neuro-
cognitive measures were found [5]. In a cluster analysis
of four large cohorts, patients sorted into memory im-
paired and memory spared clusters, the latter being
younger with more aggressive disease [8]. An anatomical
study of regional atrophy patterns with neuroimaging
found four different subtypes of disease [4]. In an aut-
opsy series of 889 patients with Alzheimer’s disease,
neurofibrillary tangle location distinguished three types
with dramatically different rates of deterioration, from
five points annually on the MMSE to just a point a year
[3]. Another study found five different subgroups of
sporadic Alzheimer’s disease with different clinical pro-
files based on CSF levels of AB1-42, tau, and ubiquitin
[9]. The advent of tau neuroimaging has led to the
realization that patients with Alzheimer’s disease who
have similar amyloid loads may differ clinically based on
the location of tau deposits [10]. These studies speak to
the significant biological variation in Alzheimer’s disease.

Coexisting systemic and brain illnesses further influ-
ence clinical course. Systemic conditions such as cardiac
disease and diabetes, brain pathology such as Lewy body
disease, and ischemic brain disease are common. While
treatment trials exclude those patients with poorly con-
trolled systemic illnesses or those who have had large
strokes, the concomitant presence of milder or well con-
trolled versions of these illnesses has disease-modifying
effects. Lewy body disease, a common comorbidity,
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affects clinical presentation and age of onset [11]. Ar-
gyrophilic grain disease, a tauopathy with memory impair-
ment found in 30% of patients with dementia, is almost
never diagnosed clinically and often missed at autopsy [12].
How these commonly coexisting, antemortem-undetected
conditions modify the course of biomarker-proven Alzhei-
mer’s disease is unknown.

The length of most Alzheimer’s disease drug trials may
be insufficient to estimate the effect of intervention for
some subtypes. The time needed to observe efficacy of a
drug in the aggressive, hippocampal-sparing Alzheimer’s
disease subtype might be shorter than that needed for
the more benign limbic-predominant subtype. Among
cognitively normal individuals aged 70 and older, just 4
of 88 with Alzheimer’s pathology developed symptoms,
even after 2.5 years of follow-up, underscoring the need
for adequate length of monitoring in trials [13] . Further-
more, equivalent brain pathology more often presents
with different severity and clinical symptoms as a func-
tion of each person’s unique preexisting brain resilience
and cognitive reserve. Some disease-modifying medica-
tions have advanced to phase 3 trials without dose
optimization or clear evidence of target engagement,
sometimes with retrospective analysis of responders to
design the phase 3 trials, negating randomization. Fi-
nally, choosing the appropriate outcome variable for the
disease subtype being evaluated is also important.

We propose that, aside from using biomarkers to de-
fine the presence of Alzheimer’s disease, drug trials in
non-familial cases should incorporate finer definitions of
neurocognitive and neuroimaging parameters, genetic
status, demographics, and co-morbidities that affect the
course in phase 2 trials. Patients would be a priori strati-
fied into subgroups by performing cluster-based analysis
in existing large datasets, defining relatively homogenous
patient groups where precision medicine can be imple-
mented to guide therapeutics. Appropriate outcome var-
iables, sensitive to the subgroup, should be used. An
algorithm derived from B-amyloid and tau scans, fluoro-
deoxyglucose PET, and anatomic, blood flow, and resting
phase MRI generated an index of gene expression that
was superior to the MMSE and ADAS-Cog in predicting
treatment response [14]. Delineating such patient clus-
ters also allows for treatment targeting specific deficits,
such as language. Additional stratification, either by
known mutations in early-onset patients or using a poly-
genic hazard ratio in late-onset patients, obtained using
disease-associated single nucleotide polymorphisms and
APOE status, may further refine populations for thera-
peutic trials [15].

Phase 3 trials would follow these groups individually,
rather than drawing conclusions from untenably broad
definitions of Alzheimer’s disease. While we acknow-
ledge that such methods involve more expense to recruit
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sufficient numbers of patients with longer follow-up pe-
riods, we believe this to be a more productive approach.
Another strategy would focus solely on neuropathologic
load reduction, as all patients, regardless of clinical
phenotype or genetic mutation, manifest the same path-
ology. However, inconsistent correlation exists between
neuropathology and symptom onset, particularly in older
individuals, with 41% of cognitively normal persons,
aged 80-89, having positive amyloid scans [16].

Summary

The one-treatment-fits-all approach applies even less to
Alzheimer’s disease than it does to other common,
chronic, and complex illnesses. In approaching treat-
ment trials, the question to ask is what are the particu-
lars of the individual’s particular Alzheimer’s? Subsumed
under the Alzheimer’s disease label are numerous sub-
types—additionally influenced by coexisting brain and
systemic pathologies—defined by a combination of gen-
etics, comorbidities, anatomy, and clinical phenotypes,
with different responses to treatment and different prog-
noses, all leading to the same, final clinicopathological
endpoint. Therapeutic trial designs incorporating this
approach may improve yield in Alzheimer’s disease.

Acknowledgements
None.

Funding
None.

Availability of data and materials
Not applicable.

Authors’ contributions

GD conceived of the article and wrote the initial draft. PS edited and rewrote
sections of the manuscript. Both authors edited multiple drafts of the article
and read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'SUNY Downstate Medical Center, Attending Physician, Lenox Hill Hospital |
Northwell Health, 65 East 76th St, New York, NY 10021, USA. 2VU University
Medical Center, Alzheimer’s Center of VU University Medical Center,
Amsterdam, the Netherlands.

Published online: 19 December 2018

References
1. Friedland R, Koss E, Haxby J, et al. NIH conference. Alzheimer disease:
clinical and biological heterogeneity. Ann Intern Med. 1988;109(4):298-311.

Page 3 of 3

Scheltens P, Vermersch P, Leys D. Heterogeneity of Alzheimer's disease.
Review. French. Rev Neurol (Paris). 1993;149(1):14-25.

Murray M, Graff-Radford N, Ross O, Petersen R, Duara R, Dickson D.
Neuropathologically defined subtypes of Alzheimer's disease with distinct
clinical characteristics: A retrospective study. Lancet Neurol. 2011;10(9):.785-96.
Ferreira D, Verhagen C, Hernandez-Cabrera J, et al. Distinct subtypes of
Alzheimer's disease based on patterns of brain atrophy: longitudinal
trajectories and clinical applications. Sci Rep. 2017,7:46263. https://doi.org/
10.1038/srep46263.

Scheltens N, Galindo-Garre F, Pijnenburg Y, et al. The identtification of
cognitive subtypes in Alzheimer's disease dementia using latent class
analysis. J Neurol Neurosurg Psychiatry. 2016,87:235-43.

Komarova N, Thalhauser C. High degree of heterogeneity in Alzheimer's
progression patterns. PLoS Comput Biol. 2011;7(11):21002251.

Smits L, Pijnenburg Y, van der Vlies A, et al. Early onset APOE E4-negative
Alzheimer's disease patients show faster cognitive decline on non-memory
domains. Eur Neuropsychopharmacol. 2015;25(7):1010-7.

Scheltens N, Tijms B, Koene T, et al. Cognitive subtypes of probable
Alzheimer's disease robustly identified in four cohorts. Alzheimers Dement.
2017;13:1226-36.

Igbal A, Grundke-Igbal I. Alzheimer disease, a multifactorial disorder seeking
multi-therapies. Alzheimers Dement. 2010;65(5):420-4.

Ossenkoppele R, Schonhaut D, Scholl M, et al. Tau PET patterns mirror
clinical and neuroanatomical variability in Alzheimer's disease. Brain. 2016;
139(5):1551-67.

K. Brickell, J. Leverenz, E. Steinbart et al,, “Clinicopathological concordance
and discordance in three monozygotic twin pairs with familial Alzheimer's
disesae”. J Neurol Neurosurg Psychiatry. 2007,78(10):1050-5.

Rodriguez R, Grinberg L. Argyrophilic grain disease: An underestimated
tauopathy. Dement Neuropsychol. 2015;9(1):2-8.

Dubois B, Epelbaum S, Nyasse S, Barkardjian H, Gangliardi G, et al. Cognitive
and neuroimaging features and brain B-amyloidosis in individuals at risk of
Alzheimer's disease (INSIGHT-preAD): a longitudinal observational study.
Lancet Neurol. 2018;17:335-46.

lturria-Medina Y, Carbonell F, Evans A, the Alzheimer's Disease
Neuroimaging Initiative. Multimodal imaging-based therapeutic fingerprints
for optimizing personalized interventions: Application to
neurodegeneration. Neuroimage. 2018;179:40-50.

Desikan R, Fan C, Wang Y, Schork A, Cabral H, Cupples L, et al. Genetic
assessment of age-associated Alzheimer disease risk: Development and
validation of a polygenic hazard score. PLoS Med. 2017;14(3):1-17.

Roberts R, Aakre J, Kremers W, et al. Prevalence and outcomes of amyloid
positivity among persons without dementia in a longitudinal, population-
based setting. JAMA Neurol. 2018;75(8):970-9.


https://doi.org/10.1038/srep46263
https://doi.org/10.1038/srep46263

	Abstract
	Background
	Discussion
	Summary

	Background
	Discussion
	Summary
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

