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            Key Points

                	
                  Despite recent advances in the treatment of Parkinson's disease (PD), dyskinesia and motor fluctuations still make a substantial contribution to the reduced quality of life of patients with advanced-stage PD. Additionally, non-motor signs such as depression, dementia, sleep abnormalities and autonomic failure are increasingly being recognized as challenges to effective treatment as they dominate the clinical, caregiver and financial burden of the later stages of PD.

                
	
                  The translational value of current preclinical models of neurodegeneration remains unsatisfactory. Current limitations could be overcome in a number of ways; for example, by obtaining combinations of mutations by breeding mice with single or dual mutations, or by challenging existing models with environmental stressors such as neurotoxins or neuroinflammation inducers in animals with an established and stable background.

                
	
                  Novel drug targets will be uncovered through pathophysiological insights gained from the identification of the role of genetic mutations that are responsible for hereditary forms of PD, and future therapies targeted towards these mutations will have broader efficacy against sporadic PD than the currently available symptomatic treatments.

                
	
                  Many of the therapies that are currently under development — both dopaminergic and non-dopaminergic compounds — are focused on improving motor control, fluctuations and dyskinesias. Far fewer approaches address the other two key unmet clinical needs: specifically, alleviating non-motor symptoms, and disease modification and/or neuroprotection.

                
	
                  The most promising strategy to achieve disease modification or neuroprotection seems to be a combination of compounds that interfere simultaneously with different key events of PD pathology. This approach would require collaboration between the pharmaceutical companies that hold the patent rights of the different compounds.

                
	
                  Primary end points in past and ongoing trials of potential disease-modifying or neuroprotective drugs rely on clinical assessment scales. Additional efforts are therefore urgently needed to establish validated biomarkers in PD.

                


              

Abstract
The loss of dopaminergic neurons in the substantia nigra pars compacta leads to the characteristic motor symptoms of Parkinson's disease: bradykinesia, rigidity and resting tremors. Although these symptoms can be improved using currently available dopamine replacement strategies, there is still a need to improve current strategies of treating these symptoms, together with a need to alleviate non-motor symptoms of the disease. Moreover, treatments that provide neuroprotection and/or disease-modifying effects remain an urgent unmet clinical need. This Review describes the most promising biological targets and therapeutic agents that are currently being assessed to address these treatment goals. Progress will rely on understanding genetic mutations or susceptibility factors that lead to Parkinson's disease, better translation between preclinical animal models and clinical research, and improving the design of future clinical trials.>
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                    Figure 1: Drugs in development for the treatment of Parkinson's disease.


Figure 2: The 'delayed start' and the 'N of 1' clinical study designs.
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Glossary
	Bradykinesia
	
                  Abnormally slow voluntary movements.

                
	Rigidity
	
                  Increased muscle tone during passive limb movements, which is frequently associated with a 'cogwheel' phenomenon.

                
	Dyskinesia
	
                  Levodopa-induced involuntary movements that affect the head, trunk and limbs.

                
	Paradoxic kinesis
	
                  A sudden and brief relief of motor signs due to a sudden stress — for example, a fire alarm.

                
	Off-period dystonia
	
                  Sustained muscle contractions and postures during off-periods. Off-period dystonia relates to subtherapeutic levels of levodopa and is both caused and relieved by levodopa. It frequently manifests as early-morning foot dystonia or diphasic painful dystonia of the lower limbs.

                
	Subthalamic nucleus
	
                  A glutamatergic relay within the basal ganglia that becomes overactive in Parkinson's disease. Overexpression of glutamic acid decarboxylase — the key enzyme of GABA (γ-aminobutyric acid) synthesis — may dampen the overactivity of subthalamic neurons.

                
	α-synuclein
	
                  A protein with unknown physiological function that forms abnormal intraneuronal aggregates in Parkinson's disease.

                
	Sporadic PD
	
                  A form of Parkinson's disease (PD) that is unrelated to genetic mutations or other known aetiologies.

                
	Prodromal phase
	
                  The early phase of the disease before the appearance of full-blown symptoms. In Parkinson's disease, it means the time before the onset of motor signs.

                
	Delayed washout
	
                  A prolonged symptomatic benefit that exceeds the time taken for the elimination of the administered drug from the body.

                
	Longitudinal data
	
                  Data that are collected at several time points in order to monitor disease progression over time.

                
	Diffusion tensor imaging
	
                  A magnetic resonance imaging technique that measures the preferred direction of water diffusion in fibre tracts. It informs about white matter connectivity between different brain areas. Loss of neuronal axons or white matter modifies measures of diffusion tensor imaging.
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