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            Key Points

                	
                  Recent research progress into the molecular pathogenesis of Alzheimer's disease has been translated into several promising drug candidates that have the potential to produce disease-modifying effects.

                
	
                  Biomarkers that reflect the central pathogenic processes in Alzheimer's disease have been developed and validated in numerous studies. These include cerebrospinal fluid (CSF) assays for tau and amyloid-Î² isoforms; magnetic resonance imaging (MRI) measurements of brain atrophy; and positron emission tomography (PET) techniques for brain metabolism and amyloid-Î² deposition.

                
	
                  Academic institutions, the pharmaceutical industry and regulatory organizations all agree that biomarkers have an important role in the drug development process.

                
	
                  Biomarkers have several potential uses in clinical trials. These include their use as diagnostic aids to enrich the patient sample with cases of Alzheimer's disease; as tools to identify and monitor the biochemical effect of the drug candidate; and as safety markers to detect potential side effects of the drug.

                
	
                  Evidence obtained from biomarker studies showing that a drug candidate affects the central disease processes in Alzheimer's disease will, together with a beneficial effect on cognition, be essential for the drug to be labelled as disease-modifying.

                
	
                  A catch-22-like situation exists in validating Alzheimer's disease biomarkers for use in drug development. Biomarker validation depends on effective drugs that target Alzheimer's disease pathogenesis, which are not currently available. At the same time, evidence from biomarker studies is needed for a new drug to be labelled as disease-modifying.

                
	
                  There are numerous ongoing clinical trials investigating disease-modifying drug candidates, which include biomarkers as end points. These trials will provide information on whether biomarkers will be valuable tools as surrogate end points to predict the clinical outcome and as the basis for a disease-modifying claim of the drug.

                
	
                  If disease-modifying drugs are approved for the treatment of Alzheimer's disease, biomarkers will facilitate the diagnosis of Alzheimer's disease very early on in the course of the disease before neurodegeneration is too severe and widespread.

                


              

Abstract
Advances in therapeutic strategies for Alzheimer's disease that lead to even small delays in onset and progression of the condition would significantly reduce the global burden of the disease. To effectively test compounds for Alzheimer's disease and bring therapy to individuals as early as possible there is an urgent need for collaboration between academic institutions, industry and regulatory organizations for the establishment of standards and networks for the identification and qualification of biological marker candidates. Biomarkers are needed to monitor drug safety, to identify individuals who are most likely to respond to specific treatments, to stratify presymptomatic patients and to quantify the benefits of treatments. Biomarkers that achieve these characteristics should enable objective business decisions in portfolio management and facilitate regulatory approval of new therapies.
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                    Figure 1: Detection of disease-modifying treatment effects.[image: ]


Figure 2: Detection of effects of cholinergic treatment on cortical activation in patients with Alzheimer's disease using functional magnetic resonance imaging.[image: ]


Figure 3: The four categories of biomarker: target, mechanism, pathophysiological and diagnostic.[image: ]


Figure 4: Translation of biomarkers.[image: ]
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Glossary
	Amyloid-Î²
	
                  (AÎ²). An aggregation-prone peptide derived from the amyloid precursor protein. The 42 amino acid isoform of the peptide is the main component of plaques in Alzeimer's disease.

                
	Tau protein
	
                  A microtubule-associated protein located in the neuronal axons. Hyperphosphorylated tau is the main component of neurofibrillary tangles in Alzheimer's disease.

                
	DSM-IV
	
                  (Diagnostic and Statistical Manual of Mental Disorders, Fourth edition). This manual outlines diagnostic criteria for psychiatric disorders and is published by the American Psychiatric Association.

                
	ICD-10
	
                  (International Statistical Classification of Diseases, Tenth edition). This book outlines diagnostic criteria for human diseases and is published by the World Health Organization.

                
	NINCDS-ADRDA
	
                  (The National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association). This outlines criteria for diagnosing Alzheimer's disease.

                
	Primary end point
	
                  A primary end point is defined as the single main question to be answered in a given clinical trial.

                
	Biomarker
	
                  An objective measure of a biological or pathogenic process that can be used to evaluate disease risk or prognosis. It can be used to guide clinical diagnosis or to monitor therapeutic interventions.

                
	Surrogate end point
	
                  A substitute for a clinical end point in a clinical trial.

                
	Secondary end point
	
                  An end point in a trial that provides additional characterization of treatment effect, but is not sufficient by itself to fully characterize the benefit or to support a claim for a treatment effect.

                
	Longitudinal study
	
                  A research study with repeated observations of the same patients over long periods of time.

                
	Phantom test
	
                  A plastic cylinder with standardized measures and density used for calibration of magnetic resonance imaging devices.

                
	Transformation map
	
                  A spatially extended vector field that describes the spatial warps that are needed to align a three-dimensional image of the brain into a common standard space.

                
	Classical plaque
	
                  A dense aggregation of amyloid-Î² protein with classical amyloid characteristics, which is surrounded by swollen neuritis and reactive glial cells.

                
	Diffuse plaque
	
                  An aggregation of amyloid-Î² protein that can only be detected using immunohistochemistry.

                
	AN1792 vaccination trial
	
                  The first clinical trial on active amyloid-Î² immunotherapy in Alzheimer's disease.

                
	Huntington's protocol
	
                  Individuals who have family members with Huntington's disease are offered genetic counselling, which includes the possibility of presymptomatic DNA testing. However, this is only offered after a series of careful counselling sessions to ensure that the individual understands the issues involved in knowing their genetic status.

                
	
                  TOMM40
                
	
                  A gene encoding a mitochondrial protein that is located on chromosome 19 adjacent to the apolipoprotein E gene.

                
	Risk chart
	
                  A graph illustrating the risk of developing Alzheimer's disease by age. This risk is modified by genetic status, especially by apolipoprotein E genotype status. Other genes will have a smaller effect on this chart (except in families with amyloid precursor protein and presenilin mutations).

                
	Phase 0 trial
	
                  An exploratory first-in-human trial with single subtherapeutic drug doses and small numbers of subjects to provide first data on drug pharmacokinetics and pharmacodynamics.
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