WHOLE BODY SCALE Draft Notes  12/15/09
Marco Viceconti,  Rizzoli inst 

How whole body modeling is impacting on research and clinical practice

Impact and acceptance

Research and clinical practice- experience 

(ex Virtual    initiative)
Being used in biomedical research in a whole range-(e.g. design for armor), 

More relevant to us- context of integrative research


Reduced time scale

Environment/body contaminants transport models

Body/organ multiscale models

1. First example- technology to fight osteoporosis

Whole body modeling scales (wbms) generated for prediction of muscle forces during physiological and  activity

Becomes basis for tissues models for predication of fracture

2. cerebral aneurysm- risk of rupture of cerebral aneurysm

Use of boundary conditions with objective to get prediction we hope for risk of fracture

Clear stage for wbm in clinical research

What about clinical practice-  we are at clinical trial stage- the 3 large funded studies:

Starting a clinical trial (ct)  for phase 1  (e.g. @ neurlST tools),    ,    

Knows of one case where wbm being used in clinic-  pediatric skeletal deformities

Use a combo of allo and aller grafts-  but need to know  functional abilities – picture will change after grafts during  development

5 patients  used-    how effect simulations-  if too aggressive can fracture 

If too light in rehab can end up with problems

No validation of model at clinical level- and will never have because of length of study -only 3-4 yrs (need to have long term data) 
Q&A- Yoram- ex of cerebral aneurysm-  basis of  clinical experience based on – and how to use with model

Marcus- two large companies in Europe looking at at simulation

Joel Stiles- one way to get around small n-  collaborative groups- may be get  150 of children for model application via collaboration-  

Marcus-  in contact with European group-  problems is the high cost per patient

Sylvia-  just following patient is internal validation- just tracking an individual over time- can this validate- Marcus: with caution-  case of proximal femur reconstruction and forces tremendous-  when run simulations saw something that did not work- at epiphysis- growth plate- got slippage of cartilage- and could detect that something was wrong

Discusant- how does this happen?  Team approach- what is standard approach?  

a- in osteoporosis the objective is to build a 1000 cases-  costs related to risk, only a few patient specific -  drill down

b- in cerebral aneur.  case-  exchange of data

c- pediatric- team work – surgeon identifies eligible case and then team meeting

Bolser- provide details of model- level of biology

Marcus- varies tremendously-  for some models- the biophysics has been done-  no need for a new model 
other case- need mechanobiology of aneurysm-  clot process -;  context of osteoporosi-  there are cell models;  we use mechanistic models but then get many time points over years for an overall model

how link models?  every single group- not possible way but now make way of simplifying -  eg cell metabolism;  space and time mechanics; understand mechanisms to make possible the linkages;  what are single issues that can be linked?
bolser- issue of hybrid models-

marcus-  agree a problem to be solved

peter andrew-  biggest problem of changing tissues and cells, adaptation

bolser-  to cover biological processes as function of aging

lyster-  validation-  model guides surgeio a certain way-  a judgement call-  

marcus-  differences  in data to explain something in nature can never be validation;  problem solving is very different-  limited -  there are examples that were wrong but happily predictive
in problem solving can get validation- predict accuracy;  how to do this- at vhp working on lab validation and then enter a health care realm-  eg to understand realm

Yoram- computation modeling at wbs: gained in translation

Will echo themes in population

Translational systems biology of inflammatory model- acute inflammatory response but valid for other areas

In classical point of view-  basic insights are primary focus

Translational systems biology- translational insight are primary- how incorporate mechanism?

Concern with basic insights in classical

Translational side- clinical utility ( in silico cts, diagnostics, rational drug/device design)- enough data ---can think about overall application??

Classical- simulations designed for lab validation

Transl- simulations designed for eventual clinical validation

Classicial-  omics studies associate pattern with outcome

Transl- explain why a given outcome is associated with a given pattern with mechanistic simulations

Goal is to integrate these groups-

The fragmented continuum of healthcare

Pre-clinc study to cts  to in hopistal care to chroic rehab care

Vodovotz  PLos Comput boil 2008:4:1

Rrecommend go from simulated mechanism  to simulated ct to simulate individual patient (for surgeries, drug admin care) to simulate aging (long term impact of a therapy)

Success stories-  modeling inflammation at whole animal level in wild-type setting insight into whole animal impact of gene knockouts in context of inflammation,

Whole body model..

Examples- inferring mechanism form modeling at wb level: aging and inflammation

Aging mice-  inflammatory challenge to 6 month mouse-  complete change in inflame response diff things change in diff ways

(similar to weather modeling)

Query from young to older-  leukocytes more sensitive to macrophages LPS and undergo increased apoptosis as compared to younger leukocytes

2. success story- predicted effect of age on sensitivity to anit-TNF in sepsis

Look at whether helping or hurting -  can find no net benefit

Simulation show some were hurt

Went to literature- and come up with a agreed change and change linearly with age

Prediction- as get older will do worse with drug

At a more practical level-  looked at trials per site of trial

Prediction a goldilocks-  one in middle had best predication-  completely unvalidated

But raises to population level from whole body

Where should modeling at the whole body level be headed?-  face up to messy clinical reality when constructing models

Use existing systems biology methods and develop new ones, based on clinically obtainable data and with clinically relevant goals

 Should anser  is a comjptational model good enough to improve some aspect of clinical practice

Q &A-  abby parril-  if going to commercialize, who is going to commercial and buy model and how prevent misuse of model-  what is needed
Yoram-  all of his models are available;  his company and taken ideas to extend to larger models;  people at pay check level ask for validation of model

Probably more so than the academic

Yoram thinks to make dent in a clinical problem, will need an economic factor to move forward;  pharma clearly care about whether it will work in a short period of time

Thinks each piece is getting its validation;  model details are available to commercial

Marcus- finding when move from research to clinical – step immediately to who is going to use it

A third dimension of service is developing-  transfer of info

Example-  data from patient- get simulation- send results back-  don’t know if sustainable

Abbey-  cofounder of Archimedes and commercially available

Concerned it is used properly

Planning to make Archimedes available over web-

Will be able to click to to see evidence, etc- but doesn’t prevent misuse

Still working on how to do this

One will have to keep a public record of assumptions that were used- can be reproduced

Can’t change underlying physiology

Q from stats discu-  if in public use- is this a way to test the model – will this info go into the model;  model built from assumptions and not one uses models with assumptions made- a feedback system

Yoram-  if have a funded research for monoclonal- have data sharing but if antibody has clinical usefulness, can be delay in getting the antibody-  his work doesn’t have this

Researchers that put out model do not have same check of what happens to their model 

His view that monoclonal use is due to collegiality

Andrew-  agree that need commercial; but how view open source

Yoram- tremendous alternative for research community-  see it in software-  add value and charge $$ but have variance open source

Often utilize open source software in his lab

Andres- stuck using what is out there-  some companies help develop- depends

Lyster- would your answer be different for open source vs open standards-

Yoram-  we spend effort to use back ind software to generate..?  make more portable for people doing own models;  data can be heterogeneous
People data from diff ways-  switched from Elisa to multiplexing way-  issues of validation.  Consortium that require data obtained from a different way can be limiting

Need tradeoff between consistency and practicality

Grace- can we create appropriate data for a model; can models drive the data collected to get data appropriate for model

Marcus-  in our experience-  there is a loop that is strong in influential-  yes

Yoram- ex of design of ct determined by data collecting-  affirmatix and ?
A device that matches what a model does-  if do experiment, the conditions should match what was done during simulation

Q by Stats discussant in audience- how to use model

Marcus- abductive evidence used to refine abductive site

Stats disc-  childhood level obesity model – basing on stats approach

Carson Chow in NIDDK and Kevin hall work on obesity models.

Carson helped Yoram get started

Peter Andrew- discuss any models developed in clinical environment

How translate to human clinical situations

How go from animals to humans

How validate

Yoram- original inflammatory model work needed to address this issue

Need first a framework for model

In doing this we looked at human specific response data-  didn’t use mouse data for human unless evidence that data were similar

Model done in vivo for most studies

did do study by  in vitro for application of model

Sometimes use more abstract ? clinical data- eg heart rate in human

q- about other infections  Yoram-Looking at other infectious agents- influenza, malaria

marcus- liked to point one way to protect quality of work- 

issue of reproducibility-  can’t reproduce a numerical value??

Joint statement on how journals should deal with biomedical simulations- a key point is that the answer is that you have to share the model-  but there are coding standards that do not need to be given away

Stats discu Q- reproducibility-  focus on measurement errors and reproducibility- build reproducibility measures into model

How done in statistics;  but can see it built into model

Paolo- addresses this Q-  technology for predicition- multicalibrated – bridges to statistics
2 other issues- overarching problems- using animal data to human models

 Need to move from idea – no such thing;  the best model we have is the one that has not been falsified or  with challenges

Integration of various levels- note it is the best can do and wait for model to be challenged;   doesn’t prevent model from being used

How to scale models- make available and share-  why-  to enable others to answer their questions-  there  is not one way to share models-joint  sharing of models issues in much broader scope
Lastly- 

Discussant:  modeling takes expertise-  hard to scale expertise-  be aware of limitations;  how difficult to take discrete model (diagnostics) – all models have some weak points-  be aware of what doing and no validation can prove a model is perfect

Mathematics can go only so far

Marcus- do verification,    before can do any validation

Smith-Regarding standardization of how models are published

Appendix will not suffice; must be model suppositories

Continuing need for suppositories and archives
Bolser-  experimentalist- perception of a former skeptic

Wbs means whole body- organs

Computational modeling: a skeptic;s view

Example:

Airway protections by host to different behaviors- cough, throat clearing mechanism etc

Work together is not understood way to reduce pulmonary ianfection

Als example- material goes down trachea  but no aspiration – so seeding airway with pathogens-  if stroke would predict bad prognosis

From perception stand point- how use computational modeling ?? to simulate swallowing in an animal model-  but start some where

Ideas for discussion

Many biosystems too complexed to be modeled accurately
Incomplete understanding or misconceptions about comp. modeling
Communication between modelers and experimentalists
Inertia to collaborate??

Must commit to collaborations

The result when you model everything-  complex model that is difficult to understand by simple inspection

Complexity of model is significant obstacle for experimentalist

Need a compu. model just to understand diagram\

Comput. model required tool for understanding how the model functions, yet the model may be difficult to analyze

Slide- more palatable model of regulatory system for airway defensive behaviors

Diagrapm:  respiratory behavioral control assemblies bcsa--- to cough bca  ---swallow bca====other bca   - all go to respirtatory behavior pattern generation

Need for diagram to go with the complex model

Could reveal mechanisms we do not know about

Slide-  rybac et al j neurophysiol 100  2008

Cough slide-

Reconfiguration of the pontomedullary respiratory network: a computational modeling study with coordinated in vivo experiment

Unease by respiratory audience that slide was output of computational  modeling

Slide- cough network model simulations predict  in vivo results

Model vs in vivo

Do more simulation – how model deals with regulation of hyperventilation

Repetitive coughing- to remove obstruction of air way but do get changes in gases and can get apnea - deleterious

--

;exposure breeds interest…. Enthusiasm usually arises from experience

Find a way to allow and encourage the researchers to engage in process

Incorporate computational modeling in trainings , students do leg work  to get rest to worked together

Olga brasnik-  project to understand landscape of modeling and computation and simulation and introduces those with simulation example 
