Charge

In the context of each of the five biological scales, participants should address: 

a) How modeling has impacted various research fields (success stories and mechanisms)? Is it the onus on modelers to prove that their models are useful to someone else? 

b) To what extent has the broader research communities accepted modeling as a critical tool for driving research or policy (what has worked and what hasn't worked)? 

c) In what ways can modeling further impact the broader research communities (how far can we go)? 

d) What are the major challenges to overcome (how do we get there)? 
These questions should be addressed also in the context of the following specific issues: 

1. The current perception of modeling in the biomedical and clinical research community, what needs to change to encourage more acceptance? 

2. Future biomedical and clinical applications for models, based on current success stories, things that couldn't be solved w/o models, time to cure – e.g. comparative effectiveness research 

3. Future directions for model development – e.g. explicit models for predictions versus implicit or embedded models in technology, enabling technologies and infrastructures for modeling 

4. Model validation and the availability of appropriate data 

5. Uncertainty quantification and predictability of outcomes 

6. The current state of model development – e.g. community-developed versus custom-made models 

7. The current state of peer review for modeling research – e.g. changes that need to occur in the community.

The text of the summary will be annotated with a-d and 1-7 to indicate sections that are specifically relevant to the charge topics and questions. 
Summary of Whole Body Scale
The approach that the whole body scale group took was not to systematically address each of the charge questions, but to discuss selected issues in context of the experience of each speaker. 
Marco Viveconti
Topic: Impact
Title: Impact of whole body modeling in clinical practice (a)
Dr. Viveconti gave several examples of the impact of whole body modeling. One example was prediction of the risk of fracture in patients. The whole body models are informed with a combination of patient specific and population information.  Predictions include muscle forces that a particular patient might exert in various regions of the skeleton during different physiological activities. The goal is to identify boundary conditions for the organ and then tissue level models are used to predict tissue stress and strains. This information can then be used to guide rehabilitation efforts (2). 
An additional example that Dr. Viveconti provided was prediction of the risk of rupture of a aneurysm.  Again, boundary conditions are predicted and applied to a local vascular model from which risk of aneurism rupture can be estimated (a), (2).  

At Dr. Viveconti’s institution, whole body modeling is being used in clinical practice in pediatric oncology (a), (2). Some osteosarcomas require reconstruction of massive portions of the skeleton, but due to high growth rates of children, prosthetics are not possible at this time. Modeling is used to set a rehabilitation strategy and is especially useful when clinical experience is limited due to a low number of patient admissions for this problem.
Questions spanned a variety of topics that included specific recommendations for patient recruitment through collaboration with other European institutions. Dr. Viveconti replied that collaboration efforts of this type are ongoing, but can be limited by a high cost per patient.

One question dealt with work clinical flows and standard operating procedures. Formal works flows are being developed, especially for osteoporosis and the goal is to be able to deal with many thousands of patients and to balance progressive invasiveness and cost related to risk of intervention. Models would be informed based on population data for the most part, with some patient specific data. An additional goal is to establish consistency between different clinical institutions (c), (4).  

Several questions dealt with model detail and this led to a discussion of the use of multi-scale models and how they might be linked. Marco indicated that general solutions to this problem are difficult to come by.  An example of this idea is modeling biophysical properties of an aneurism and linking it to cellular models of the underlying pathobiology. These efforts would try to predict how remodeling will happen based upon current knowledge of the biomechanical properties of the aneurism. Linkage of different models could be accomplished by identification of control points that are common. 
Dr. Viveconti responded to a question about hybrid models with a summary of the variety of factors that could contribute to prediction of how tissue responds to loads that included mechanical properties, protein expression, adaptation, and issues regarding how to link different molecular pathways. 
One questioner suggested that following individual patients that have been treated based on information provided by a model represents validation (4). This and another question led to a discussion on validation, prediction, and problem solving. In the latter case, models can be less useful in increasing our understanding of mechanisms but very useful for prediction.
Yoram Vodovotz
Topic: Translation 
Title: Computational modeling at the whole-body scale: Gained in the translation (4)
Dr. Vodovotz indicated that focus has been to find bottlenecks that are inhibiting translation of basic findings into clinical applications. Challenges include incorporation of mechanisms, methods, and other knowledge that arises from multiple scales, systems biology and computational approaches (d). Translational bottlenecks can include clinical trials, efforts to improve diagnostics and device design with models. Simulations have to be validated at the clinical level and this goal requires that the models must be informed with data that are obtained from a clinical, as opposed to an experimental, setting (d), (4). Simulated clinical trials can be created that incorporate this information which generate ”virtual” patients. The model could then be calibrated with actual data from individual patients and additional detail could be added such as specifics of patient care, drug treatment, and aging. 
Dr. Vodovotz went on to describe several success stories in which modeling was effectively utilized (2). One example described modeling of the whole body inflammatory response in wild type mice. These efforts resulted in an approach that utilized an ensemble of models, each with different parameter values that could be queried. Predictions from these efforts included greater mortality after inflammatory challenge as well as increased sensitivity of leukocytes. In vivo testing confirmed these predictions (a). 

Clinical trials were simulated and compared to actual trials. Simulations predicted that drug treatment was harmful to some patients, resulting in no net benefit. Modeling allowed a new simulated trial to be conducted with larger numbers of patients in which the influence of age could be predicted. The results indicated that increasing age results in a poorer prognosis and reduced response to the drug (2). The simulated trial also customized for multiple centers and revealed that different centers had different predicted outcomes (a).  The goal of this effort was to utilize data that was likely to be available from a clinical setting to try to improve a clinical outcome. 
A question was asked regarding conflict of interest and checks and balances that might prevent misuse of a model. Yoram responded that the models related to animal work are all published and that they try to work with agent based models. Making real progress in the use of clinical models is difficult currently without the level of resources that industry has available.  
Another comment dealt with this issue. The proper use of models is important and records can be kept of assumptions that go into a particular model and its effect on quality and efficiency of care. 
An additional commenter stated that models built for public use can be subject to ongoing modification as new information is generated and asked if this represented a feedback system. This can be positive as long as this sort of application is supported by the model. In such a situation, commercial interests, and/or academic credit can be a problem for modelers as they do not have the same sort of control over how the model is used as traditional bench or reductionist scientists.  
There was discussion of open source models and how they are viewed. There are significant advantages to this approach. The discussion extended to the concept of open standards and formats. This process can be facilitated by setting up consistent models and data which would assist others in developing their own models. 
Donald Bolser
Topic: Perception
Title: Computational modeling: A skeptic’s view (1)
Dr. Bolser began his talk with a videofluoroscopic record of disordered swallowing in a patient with amyotropic lateral sclerosis and noted how complex the behavior of swallow was, even in health. As such, it is difficult for some to accept that disordered swallow could be modeled. He went on to list several issues with how modeling is perceived by experimentalists and clinicians including: the concept that some biological systems are too complex to be modeled, limited communication between experimentalists and modelers, limited understanding of what computational modeling can accomplish, and inertia that may impair acceptance of modeling as an importance tool for understanding biological systems (d).

Dr. Bolser presented an example of a complex model of the brainstem neural network that generates breathing and airway protective behaviors, such as cough. There are so many elements and interconnections that it is difficult for experimentalists to appreciate the function of this network at the whole body scale (d). Dr. Bolser went on to suggest that computational modeling and simulation are necessary tools for investigating this system (2). A simpler functional model was also presented and it was suggested that such a model may be more useful in understanding the system.

Dr. Bolser shared his experiences investigating the complex version of the brainstem network model through simulation. He indicated that his enthusiasm for computational modeling reached a high level when simulations accurately predicted a novel physiological mechanism in the regulation of cough by the nervous system (1). 

He closed with suggestions for enhancing the enthusiasm of experimentalists and clinicians for computational modeling that centered on fostering not just exposure to modeling but hands-on experience. These suggestions included offering frequent workshops and incorporating computational modeling into training environments.  
