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The following comments relate specifically to the Summary of the “Toward Precision Medicine” document.

For the Knowledge Network (Fig. S-1) to achieve the individual-focused, precision medicine objective, we anticipate that the Knowledge Network will be populated increasingly by particular, validated computational (increasingly multiscale) models that have been designed for linkage into cause-effect hypotheses that can be made specific to the individual.  Linkage will move us closer to the morbidity/disease-specific, explanatory, mechanistic MSMs needed to achieve individual-focused, precision medicine objectives.  They will leverage and be influenced by non-mechanistic models, such as Bayesian, data mining, statistical inference, machine learning, etc. 
Comments on the Six Conclusion statements

1. A New Taxonomy will lead to better health care.  2. The time is right to modernize disease taxonomy. 
The document merits commentary on several issues and positions, but this is not the context for that.  International collaboration, not mentioned, will be essential.
Mechanistic MSMs (MMSMs) that provide plausible, challengeable mechanisms (hypotheses) of normal-to-morbid/disease transitions will enable defining diseases more precisely.  MMSMs are a formal codification of our understanding of a particular disease or biological process.  Models, perhaps ultimately MMSMs, are the “Knowledge” in the “Knowledge Network.”
3. A New Taxonomy should be developed [listed are three goals]: • Describe and define diseases based on their intrinsic biology in addition to traditional physical “signs and symptoms.” • Go beyond description and be directly linked to a deeper understanding of disease mechanisms, pathogenesis, and treatments. • Be highly dynamic, at least when used as a research tool, continuously incorporating newly emerging disease information. 
The three goals can be accomplished in part by having families of flexible, adaptable, modular, highly dynamic (in structure and term relationships) MMSMs with coupled ontologies and trustable data provenance.  The Knowledge Network’s disease specific taxonomies will become models (perhaps MMSMs) of a subset of the network.  
4. A Knowledge Network of Disease would enable a New Taxonomy.  5. New models for population-based research will enable development of the Knowledge Network and New Taxonomy.
Insure a clear technical means to map the phenotypes (and generative mechanisms and supporting, basic knowledge) of the above MMSMs to clinical data in patient records.  
6. Redirection of resources could facilitate development of the Knowledge Network of Disease. 
Explanatory MMSMs are one means “of integrating molecular, environmental, and phenotypic data.”  The additional ability to make such a MMSM particular to the individual will provide a clear path for applications to point-of-care settings.  Furthermore, the MMSM will provide the mechanistic basis for determining what patient-specific data is needed in that particular, medical context.  
Comments on the Six Recommendations

1. Conduct pilot studies that begin to populate the Information Commons with data. 
One way of “of integrating molecular parameters with medical histories and health outcomes in the ordinary course of clinical care” is through initially somewhat coarse grain models (small with rapid iteration [quite different from the Virtual Physiological Human]) where the data, outcomes, and clinical care environments are increasingly covered by model phenotype.  Further, clinician feedback should be part of the iterative process from project inception.  There should be early, parallel efforts to incorporate existing databases of clinical and laboratory data.  So doing will help identify and particularize the major challenges faced in collecting, annotating, storing, searching, etc.
2. Integrate Data to Construct a Disease Knowledge Network. 
A somewhat new class of MMSM can be envisioned that is comprised of dynamic, initially abstract, networked data/model knowledge embodiments linking &/or using the available information in ways that map to outcomes (see references).  So doing requires a robust data infrastructure and transparent tools for developing dynamic models.  
3. Initiate a process within an appropriate federal agency to assess the privacy issues associated with the research required to create the Information Commons.  
No comment needed

4. Ensure data sharing. 

This effort must be expanded to ensuring model (and component) reuse and that MMSMs can be reproduced. 
5. Develop an efficient validation process to incorporate information from the Knowledge Network of Disease into a New Taxonomy. 
There needs to be a clear path from current MMSMs to MMSMs that are networked to function as individualizable virtual patients (IVPs) that are particular to specific morbidity/disease domains.  The mechanisms within will need to have clear records of having achieved particular verification and validation efforts and having survived focused falsification challenges.  IVP components will have specified (possibly evolving) windows of applicability.  A biomedical domain expert must be able to examine IVP details during simulations without needing computational expertise.
6. Incentivize partnerships.  
Facilitate clinician-MSM scientist partnerships.  Facilitate “payer”-MSM scientist partnerships.  
Summary Comment 

Simulations of IVP variants can provide predictions that will enable improved, more cost effective, point-of-care decisions.  
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