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The following are ideas for Panel 4 (VV & UQ) and MSM meeting discussion.  
There are two sections.  Section 1 addresses VV & UQ.  Section 2 provides information on sources of uncertainty.  

Section 1: VV & UQ

The following is from Ch. 1 of the NRC 2012 document: Assessing the Reliability of Complex Models: Mathematical and Statistical Foundations of Verification, Validation, and Uncertainty Quantification.  

For purposes of this report the committee adopts the following definitions:  

• Verification. The process of determining how accurately a computer program (“code”) correctly solves the equations of the mathematical model. This includes code verification (determining whether the code correctly implements the intended algorithms) and solution verification (determining the accuracy with which the algorithms solve the mathematical model’s equations for specified quantity of interest).  

• Validation. The process of determining the degree to which a model is an accurate representation of the real world from the perspective of the intended uses of the model (taken from AIAA, 1998).  

• Uncertainty quantification (UQ). The process of quantifying uncertainties associated with model calculations of true, physical quantity of interest, with the goals of accounting for all sources of uncertainty and quantifying the contributions of specific sources to the overall uncertainty.  

These definitions are intended for the “Grand Unified Model” concept illustrated in Fig. 1.1 of the report.  

VV & uncertainty characterizations (U) must be discussed in the context of specified model uses.  The meeting focus is MSM and Precision Medicine.  In the attached document (Visions for How MSM Enables Individualized/Precision Medicine/Healthcare) I offer two model-use visions.  Both visions center on use of “virtual patients” (VPs) that are composites of MSMs.  My comments below are based VP use cases described under Vision 2.  
My position: the preceding definitions are not useful for the future context of using VPs to enable and facilitate precision (individualized) healthcare decisions under Vision 2.  I envision VPs being a necessary and essential part of the Precision Medicine process.  In that context, validation is the process that answers this question: is this an acceptable/trustable VP for the individualized use cases under consideration?  Verification will be the process and information that enables answering this question: can we trust the origins, organization, and evolution of this VP, and further, can we trust that this VP is what the user thinks it is (which is beyond simply trusting that it is what it claims to be)?  

Clearly software issues are critical (especially the mappings from software components & mechanisms to human counterparts in the specified individual).  However, the origins, organization, and evolution of the components assembled to create a VP (or a set of VP variants) will go far beyond the software.  We must consider the conceptual models on which the VP (& components) was based.  Are there several?  Are they stable or evolving?  To what extent have they survived rounds of experimental challenge (wet-lab, clinical, translational, & in silico)?  We must also consider the wet-lab/clinical data on which conceptual models were based (and may have been used in earlier VP simulation validations).  How do we characterize the experimental, mechanistic, and translational uncertainties?  What can we say about sources of biological and experimental variability?  

For a specified medical context, each layer (wet-lab, clinical, conceptual, translation, specification, VP, use cases) is important.  Because they are interconnected, if any one layer is untrustworthy, then the trustworthiness of each is in question.  Uncertainty characterization applies in all layers: U(wet-lab), U(clinical), U(conceptual), U(trans), U(spec), U(VP), and U(use cases [different individuals]).  Just for example, if we learn that there was an experimental design/procedure flaw (oversight, unjustified assumption, …) in the wet-lab models from which the conceptual mechanisms (for the particular disease focus) were induced, then U(VP) is at least as complex as UQ(wet-lab).  
Having an acceptable/trustable VP components means that a biomedical domain expert must be able to examine a VP (or cadre of VPs) and their simulation events (for the considered medical intervention) under different scenarios without needing computational expertise.  To do that, issues, information, and documentation, on which each of the above Us is based, needs to accessible from within the VP and its framework.  If that is the case, then the VP is also serving a larger purpose: it is a knowledge embodiment.  

Section 2: biological sources of uncertainty 
Intra- and interindividual variability in response to therapeutic interventions can be large and that is among the FDA’s major interests and concerns.  For the same treatment one individual may respond as predicted, another not at all, and yet another may not respond as intended yet exhibit an adverse effect.  Multiple somewhat different causal cascades may be involved.  Those issues can be managed when the VP is assembled from modules, but there may be limits to the degree to which we can shrink the several Us for any one individual.  Even so, the insights gained from VP simulations in which we have acceptable trust (even though simulation results are variable) will enable vastly improved, individualized, medical decisions.  
One reason for anticipating use of multiple modules is that many phenomena cannot be characterized by closed-form mathematical equations and are best characterized by the simulation with collections of various fine-grained mechanisms, as in equation-free methods. [1]  
Because biology is never the same twice, there will also be limits to the accuracy of data coming from wet-lab and clinical experiments U(wet-lab), U(clinical) and that impacts U(conceptual) & U(trans) which in turn impacts U(spec).  The following is an example.  Of the in vitro mammalian models used in biomedical R&D, possibly the most widely used is hepatocyte cultures (rat & human).  They are used to study and predict xenobiotic metabolic clearance.  These systems have been in use and under development for three decades.  Nevertheless, reported clearance measures (for the same compound) can vary by factors of 20 and more (3-fold is common) [2-4].  What are likely sources?  Hepatocytes (like many but not all mammalian cell types) engage simultaneously in dozens of functions that share pathways and components.  The recent histories of otherwise “identical” hepatocytes need not be the same.  Hepatocytes change upon isolation and “stabilize” (or not) differently depending on culture details and experimental constraints.  Thus, we cannot rule out cell-to-cell mechanism differences in something as seemingly simple as uptake and metabolism of a specific drug at a specific concentration.  Differences between experiments at laboratory and protocol levels, and over time can exacerbate differences in clearance measures.  These issues become more complicated when we consider in vitro <–> in vivo translation: there can be a lack of phenotype overlap within and between the model systems.  
We need to document and record data provenance and “attach it” to our MSMs.  Further, we need model types and methods capable of separately documenting and mimicking multiple sources of variability and uncertainty.  Doing so is within the scope of current CS technologies.
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