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Abstract
Approximately 90% of drugs fails in human clinical trials due to adverse reactions and/or due to lack of efficacy. These failures can be attributed to poor predictability of human response from animal studies and 2D in vitro models being used preclinical drug development. To address these challenges, the Tissue Chips or Microphysiological Systems for Drug Screening program supports the development of alternative approaches for more predictive readouts of toxicity and efficacy of candidate drugs. Tissue chips are bioengineered 3D microfluidic chips with human-derived cells and tissues that mimic the cytoarchitecture and functional units of human organs and systems. Initially tissue chips were used for in vitro models for risk assessment in safety pharmacology. As an example, human liver on chips have been shown to have 87% sensitivity and 100% specificity in anticipating the drug toxicities of 22 compounds with known hepatotoxic (was advanced to human use based on previous preclinical data but was withdrawn due to toxicities which collectively are responsible for more than 200 patient deaths and 10 liver transplants) outperforming liver spheroids which showed a sensitivity of only 47%. In addition to toxicity studies in drug development, tissue chips are also being used to model various human diseases and conditions when animal models do not mirror the pathology or are unavailable. Tissue chips was used to model chronic inflammatory demyelinating polyneuropathy and multifocal motor neuropathy, a pair of rare, devastating neuromuscular diseases, which led to the identification of a repurposed drug and approval by the FDA for phase 2 clinical trial. A more recent application of tissue chips is on its use as “clinical trials on chips” to inform clinical trial design and implementation. This new initiative will help establish patient recruitment criteria, stratify patients to determine who are the best responders to specific therapies, include population diversity, and identify clinically relevant biomarkers. Presentation will also include an overview over the decade of support from NIH, partnerships with various stakeholders including the FDA and pharmaceutical industry.
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Importance of Research and Development
The scientific and technological development of microphysiological systems (MPS) modeling organs-on-chips, or "tissue chips" (TCs), has progressed rapidly over the past decade. Stem cell research and microfluidic concepts have combined to lead to the development of microphysiological platforms representing an ever-expanding list of different human organ systems. In the context of rare diseases, these bioengineered microfluidics platforms hold promise for modeling of disorders and could prove useful in the screening and efficacy testing of existing therapeutics. Additionally, they have the potential for replacing and refining animal use for new drugs and clinical treatments, or could even act as surrogate human systems for testing of new therapeutics in the future, which could be particularly useful in populations of rare disease sufferers.



About NCATS
The National Center for Advancing Translational Sciences (NCATS), a component of the National Institutes of Health, conducts and supports research on the science and operation of translation to allow more treatments to get to more patients more quickly. The Center focuses on what is common across diseases and the translational process. 
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