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A Hierarchy of Knowledge and Ignorance
validated knowledge
decisions with high degree of 
predictability of success

Hon. D. Rumsfeld
US Secretary 

of Defense

“known knowns”

known knowledge gaps 
(complete or incomplete) about 
relevant factors
limitations of predictability and 
accuracy of decisions

“known unknowns”

conceptual and cognitive blank 
spaces
rude shocks/disruption by 
unanticipated interactions 
between known factors or more 
likely completely new 
interactions between 
unknown/unrecognized factors

“unknown unknowns”
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Rumsfeld’s Rules and the Cancer Problem

genome mutations and genomic instability
role of host microenvironment in tumor progression
pattern and timing of metastatic spread
treatment resistance patterns

epistasis and phenotypic diversity
RNA-mediated gene regulation
triggers of altered molecular signaling networks in different 
cancer subtypes in the same cell type
dynamics of evolution of metastatic and drug-resistant 
clones
roles of cancer stem cells (CSCs) and 
progenitor/differentiated (P/D) cell fractions in tumor 
behavior
plasticity of CSCs and P/D cellsand reacquisition of CSC 
properties by P/D cells

by definition a black box with potential for rude surprises

“known knowns”

“known unknowns”

“unknown unknowns”
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Cancer Treatment

molecular profiling (panOmics) and a new taxonomy 
for the classification of tumor subtypes
understanding the dynamics of clonal diversification 
in tumor progression

implications for future drug discovery 
need for new clinical trial designs and regulatory 
policies based on molecular profiling of patients and 
monitoring of clonal dynamics during tumor 
progression
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GBM Expression Subtypes and TF and miRNA-TF Regulatory Networks

From: PLoS Computational Biology (2012) Vol. 8, 7 e1002488From: M. S. Carro et al. (2010) Nature 463, 318
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Targeted Particulate Drug Carriers

18
Mesoporous silica nanoparticles in biomedical applications ...pubs.rsc.org
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The Problem and The Challenge

moving from limited narrow spectrum ‘chemo’ 
strategies to devise new ways to attack every 
clone
harnessing the cognate (detection) and 
destruction (killing) of cancer cells by the 
body’s immune system
how do cancers escape the immune system?
– to allow initial tumor formation and 

subsequent metastatic spread?
– clones that are not killed by 

immunotherapeutic Rx 
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Targeted Introduction or Excision of Specific Genes
or Gene Regulatory Domains
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CRISPR-Cas9–based Genome Editing to Recreate Human
Tumor Organoid Models

From: Nature Medicine (2015) 21 (3) Cover
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Rethinking Clinical Trial Design

randomized trials (RCTs)
observational trials

stratified trials
adaptive trials
basket trials

traditional

new
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Healthcare Information SystemsHealthcare Information Systems
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Persistent Challenges Before Major 
Innovations in Research and 

Treatments Become Available

Demographics and the 
(Global) Cancer Burden

Unsustainable Costs and Need for Greater
Focus on Quality-of-Life
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Are Oncologists Financial Incentives 
Misaligned with Optimum Treatment?

uncritical payer acceptance of high cost of new 
oncology drugs (US)
– $50K-120K/year

estimated 80% annual income for community 
oncologists tied to Rx use
no incentives to select less expensive Rx or 
palliative care
physician/payer refuge in slow pace of change 
in SOC guidelines to incorporate obligate 
molecular diagnostic profiling for Rx selection
unacceptable levels of use of new Rx 
regimen(s) in last two weeks of life
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http://www.asco.org/sites/www.asco.org/files/asco_choosing_wisely_top_five_list_2013.pdf
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Palliative Care:
Treatment With No Longer a Curative Intent

Economic (Payors) and Evidence-Based Pressure for 
Increased Use of Palliation versus Repeated 

Aggressive Cycles of Different Rx Without Clinical 
Benefit and Major Impact on QOL
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Palliative Cancer Treatment 

reduce or eliminate symptoms and 
complications

non-curative intervention

greater emphasis on quality-of-life (QOL)



‐ 54X816 A BIO302 CCC Apr 30 2015

Factors Linked to Survival Benefit of 
Palliative Care in Cancer Patients

limit futile Rx and impact of QOL and cost

limit repeated testing and hospitalizations

reduction of physical symptoms due to disease 
progression

– pain, nausea, CV complications

reduction of psychological symptoms

– anxiety, depression, impaired cognition

active engagement and education of patients 
and family members on value
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Approaching Death: Care At End of Life

Dying with Dignity

New Expectations for the Level of 
Intervention(s) in Late Stage 

Terminal Illness
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End-of-Life Care

Assisted Death: 
the most perplexing issue in medical ethics, 

law and religious discourse

Assisted Death: 
the most perplexing issue in medical ethics, 

law and religious discourse
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Major Education and Competency Gaps in the 
Translation and Clinical Adoption of Molecular 

Profiling for Precision Medicine

Major Education and Competency Gaps in the 
Translation and Clinical Adoption of Molecular 

Profiling for Precision Medicine







‐ 64X816 A BIO302 CCC Apr 30 2015

New Skills and Professional Specialties in an 
Era of Molecular Medicine

clinical specialists with panOmics expertise
– molecular genetics, pathology, genetic 

counseling
– “molecular medicine 101” and CME for healthcare 

professionals
informaticians
– informatics (analytics)
– database design and curation for optimized data 

flows for clinical decisions
– data customization and visualization for different 

end-users
empowered patients social media and medical apps.
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