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            Abstract
Improving the effectiveness of preclinical predictions of human drug responses is critical to reducing costly failures in clinical trials. Recent advances in cell biology, microfabrication and microfluidics have enabled the development of microengineered models of the functional units of human organs â€” known as organs-on-chips â€” that could provide the basis for preclinical assays with greater predictive power. Here, we examine the new opportunities for the application of organ-on-chip technologies in a range of areas in preclinical drug discovery, such as target identification and validation, target-based screening, and phenotypic screening. We also discuss emerging drug discovery opportunities enabled by organs-on-chips, as well as important challenges in realizing the full potential of this technology.
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                    Figure 1: Lung-on-a-chip.[image: ]


Figure 2: Organ-on-a-chip models for cancer research.[image: ]


Figure 3: In vivo engineering of bone marrow.[image: ]


Figure 4: Brain tissue-on-a-chip.[image: ]


Figure 5: Body-on-chip systems.[image: ]
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Glossary
	Biomimetic
	
                  Refers to the use of principles, mechanisms and designs derived from those naturally occurring in living organisms.

                
	Epithelialâ€“mesenchymal transition
	
                  (EMT). The process by which a polarized epithelial cell undergoes a series of biochemical changes to acquire characteristics of a mesenchymal cell, including increased invasive and migratory capacity, higher resistance to apoptosis and upregulated production of extracellular matrix proteins.

                
	Microfluidics
	
                  A science and engineering discipline focusing on the development of fluidic systems with characteristic dimensions of tens to hundreds of micrometres that provide capabilities to control, manipulate and analyse small volumes of fluids (microlitres to attolitres) for a wide range of applications.

                
	Spheroids
	
                  Three-dimensional spherical agglomerations of adherent cells generated by intercellular adhesion and aggregation.

                
	Stratified medicine
	
                  An approach that aims to develop patient-specific therapies using biological or risk characteristics (for example, biomarkers and genetics) shared by subgroups of patient populations. This approach is also referred to as personalized or precision medicine.
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