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ARTICLE INFO ABSTRACT

Article history: The complex multifactorial nature of polygenic Alzheimer’s disease (AD) presents significant challenges
Recefved 1January 2018 for drug development. AD pathophysiology is progressing in a non-linear dynamic fashion across multiple
Received in revised form 11 February 2018 systems levels — from molecules to organ systems — and through adaptation, to compensation, and decom-
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Available online 16 February 2018 pensation to systems failure. Adaptation and compensation maintain homeostasis: a dynamic equilibrium
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Keywords: resulting from the dynamic non-linear interaction between genome, epigenome, and environment. An
Alzheimer’s disease individual vulnerability to stressors exists on the basis of individual triggers, drivers, and thresholds
Precision pharmacology accounting for the initiation and failure of adaptive and compensatory responses. Consequently, the dis-
Precision medicine tinct pattern of AD pathophysiology in space and time must be investigated on the basis of the individual

Pathway-based therapy
Pathophysiology
Clinical trials

biological makeup. This requires the implementation of systems biology and neurophysiology to facilitate
Precision Medicine (PM) and Precision Pharmacology (PP).
The regulation of several processes at multiple levels of complexity from gene expression to cellular
cycle to tissue repair and system-wide network activation has different time delays (temporal scale)
according to the affected systems (spatial scale). The initial failure might originate and occur at every
level potentially affecting the whole dynamic interrelated systems within an organism. Unraveling the
spatial and temporal dynamics of non-linear pathophysiological mechanisms across the continuum of
hierarchical self-organized systems levels and from systems homeostasis to systems failure is key to
understand AD. Measuring and, possibly, controlling space- and time-scaled adaptive and compensatory
responses occurring during AD will represent a crucial step to achieve the capacity to substantially modify
the disease course and progression at the best suitable timepoints, thus counteracting disrupting critical
pathophysiological inputs. This approach will provide the conceptual basis for effective disease-modifying
pathway-based targeted therapies.
PP is based on an exploratory and integrative strategy to complex diseases such as brain proteinopathies
including AD, aimed at identifying simultaneous aberrant molecular pathways and predicting their tem-
poral impact on the systems levels. The depiction of pathway-based molecular signatures of complex
diseases contributes to the accurate and mechanistic stratification of distinct subcohorts of individuals at
the earliest compensatory stage when treatment intervention may reverse, stop, or delay the disease. In
addition, individualized drug selection may optimize treatment safety by decreasing risk and amplitude
of side effects and adverse reactions.
From a methodological point of view, comprehensive “omics”-based biomarkers will guide the exploration
of spatio-temporal systems-wide morpho-functional shifts along the continuum of AD pathophysiology,
from adaptation to irreversible failure.
The Alzheimer Precision Medicine Initiative (APMI) and the APMI cohort program (APMI-CP) have com-
menced to facilitate a paradigm shift towards effective drug discovery and development in AD.

© 2018 Elsevier Ltd. All rights reserved.
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