Cell-Tissue-Organ Scale

Topic (a). How has modeling impacted various research fields (success stories and mechanisms). Is the onus on modelers to prove their models are useful to someone else?
· Impact and Successes
· There are excellent examples of the impact of models from research in physical sciences and economics being translated to numerous practical applications

· In biomedical science, there is also a strong track record of the application of cell-organ scale models in immunology, cancer biology, neuroscience, cardiovascular physiology, …

· Acceptance
· Acceptance by the broader biomedical community requires:

· Confidence in results (experimental validation)

· Utility to experimental biology (prediction, hypothesis generation)

· Iteration with experiment (collaboration)

· Enhanced understanding of complexity (systematic foundation for conceptual models; integrate large, heterogeneous datasets; archive legacy data and concepts)

· Accessibility (Good tools and protocols)

Topic (b). To what extent has the broader (biomedical) research community accepted modeling as a critical tool for driving research or policy (what has worked and what hasn’t worked)?

· Models Driving Research
· While biomedical research is not usually driven by models, most hypothesis-driven research is guided by conceptual models. 

· Rapidly growing need for systematic frameworks to interpret increasingly complex data, e.g. on dynamic biological processes

· Increasing integration of modeling in biomedical science is inevitable

· Increasingly structural and functional data are driving new models

· There are now good examples of models driving data collection (e.g. Connectomics initiative); multi-scale models are data-limited

· Similarly modeling is driving technology development (s/w and h/w)

Topic (c). In what ways can modeling further impact the broader research communities (how far can we go)?
· Potential for Future Success
· Patient-Specific Modeling

· Surgical planning

· Interventional procedures

· Diagnostic imaging

· Model foundations need to reflect population variations

· Medical Device Design

· FDA Critical Path initiative

· Drug Discovery

· The adoption of multi-scale cell-organ models faces larger challenges in drug development

· Bridging pre-clinical findings to clinical trial phases may be the most proximal application

· Model results may cause a clinical trial design to be modified

· Models may be most useful for predicting failure early

Topic (d) What are the major challenges to overcome? How do we get there?

· Challenges
· Extending multi-scale models in time to the time courses of development, disease progression, aging

· Promoting interdisciplinary collaboration and bridging different scientific cultures

· Promoting more cross-fertilization between modelers working in different biomedical domains

· Recognize that peer-review must be interdisciplinary but also domain-specific

· Engineering, distributing and maintaining high quality software

· The unmet need for well curated databases of heterogeneous, multi-scale, structural, functional cellular, tissue and organ physiological data

· The need for interdisciplinary training programs centered on model-driven biomedical science

· Creating career paths for the graduates from such programs

· The need to define what is meant by model validation
So, Why Model?
· It works (in all biomedical domains and scales)

· It will be increasingly necessary as the complexity of biomedical data and conceptual hypotheses grows

· It has potential to accelerate translation from basic science to clinical medicine

· It can drive experimentation, data acquisition and technology development

· It promotes interdisciplinary research & training
Suggestions
Include success stories and metrics of success in research and translation

