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Lung Panel: 451 patients
46% Patients with Actionable Mutation 
54% No Mutation Identified
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Vanderbilt-Ingram Cancer Center 
Personalized Cancer Medicine Initiative

Melanoma Panel: 538 patients
67% Patients with Actionable Mutation
33% No Mutation Identified
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Cancer is a Complex Adaptive System
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Patient selection for HER2 Tx required tissue screen 
and allowed only 1 of 4 women to participate

100%

50%

25%

1250      52 mos 1250

2500

5000

*  Need a obtain a suitable specimen, wait for test results. (Results were 
obtained in days to weeks)
*  Need to screen many patients.
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Biomedicine: “fallen and I can’t get up”
· Impending “Pharmageddon”*: Declining R&D 

Productivity with Rising Costs

· Healthcare ecosystem is broken

· Poor understanding of the underlying biological 
complexity – current dominance of reductionist paradigm

· Vertically integrated development model (FIPCo) vs
networked model (FIPNet) that dominates other sectors

· Exponential fragmentation of health information

* from M. King Jolly, Pharm.D. Quintiles, Inc. DIA 2011

need to embrace biomedicine as SYSTEM



Biomedicine: a Complex Adaptive System
“the whole is more than the sum of the parts”

· Diverse stakeholders: multidimensional, interacting 
“ecosystem”
– Industry, Academe, Government, NGOs
– Physicians, Regulators, Researchers, Payors, 

Consumers, Public Health Officials
– Biology, Chemistry, Medicine, Business, Sociology, 

Anthropology
· Adaptive behaviors (dynamic as opposed to static)
· Emergent properties (or unintended consequences)
· Interdependencies 

– Resourses
– Information



Strategies for “Managing”  Complexity
· Networking

– Differentiated functions connected though well-
defined interfaces – e.g.

• Biologic processes
• Manufacturing

· Layering
– Abstracted combinations of functions into 

hierarchical/multidimensional  strata which connect 
through well defined interfaces –e.g.

• Quantum physics – Newtonian physics
• Biologic complexity : cell, organism, society
• Organizational hierarchies





Clinical Biomarkers
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Evidence Generation “System”
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( different designs for each class)

• Stratify
• Prognosis
• Diagnostic



• Reporting of serious/fatal ADRs

• Re-labeling (or recall) as 
needed

• Additional indications as 
warranted

• Candidate selection and  
Optimization

• Pre-clinical testing

• Phase I, II, III

• New Drug application and 
Approval

• Product launch 

• Clinical adoption 

• Biological pathways 

• Target identification and 
validation
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20th Century Research > Care Paradigm
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UCSF I-SPY 2 study
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I-SPY TRIAL IT Infrastructure
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Summary
· The future is already here for biomarker-based 

biomedicine
· The biomedical ecosystem is ill prepared to address 

the complexity of common diseases such as cancer
· Approaching biomedicine as a Complex Adaptive 

System may help address some of the challenges it 
currently faces

· It is technically feasible to create and deploy 
technology to exchange information within and between 
members of the ecosystem

· A multi-stakeholder, multidimensional community 
will be necessary to create a sustainable ecosystem 


