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• The harsh realities of health care economics today

• Lessons learned

• What will happen 

• Laboratory medicine as the driver of change

• Measurement challenges

• The role measurement technologies and standards play

• A plan to enable change

Future Directions in Clinical 
Diagnostic Standards Development
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U.S. hospitals charged $873 billion in 2005 - a nearly 90 
percent increase from the $462 billion charged in 1997 

Fastest growing reasons for 
hospitalization
Sepsis— 189%. 

Chest pain— 181% 
Respiratory failure— 171%

Back pain— 170%
Osteoarthritis— 165% 

Irregular heart beat— 131% 
Procedure complications— 120% 
Congestive heart failure— 117% 

Medical device complications— 113% 
Diabetes— 97% 

http://www.ahrq.gov/news/nn/nn121207.htm

39 million hospital stays in 2005 – 
averaging $22,384/hospital stay

The federal government pays the bulk 
of the national hospital bill 

Medicare - $411 billion
Medicaid $124 billion 

$535 billion paid by government

private insurance - $272 billion

Hospitalizations account for 43% of total 
health care expenditures



Disease
People

Affected
(Millions)

Estimated
Annual 
Deaths

Ref.

Diabetes 24 234,000 [ii]

Heart Disease 62 964,000 [iii]

Liver Disease 25 24,900 [iv]

 

[v]

Parkinson's Disease 44 NA [vi]

 

[vii]

Cancer 1.4* 563,700 [viii]

 

[ix]

Arthritis and Osteoporosis 114 NA [x]

 

[xi]

 

[xii]

* New cases per year[i] http://www.phrma.org/mediaroom/press/releases/09.09.2004.1067.cfm
[ii] http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2003.pdf
[iii] http://www.nhlbi.nih.gov/about/02factbk.pdf
[iv] http://ospp.od.nih.gov/pdf/table_1.pdf
[v] http://www.liverfoundation.org/images/ah/122/report.pdf
[vi] http://ospp.od.nih.gov/pdf/table_1.pdf
[vii] http://www.nof.org/osteoporosis/web_SG_broch.pdf
[viii] http://www.cancer.org/docroot/MIT/content/MIT_3_2X_Costs_of_Cancer.asp
[ix] http://www.cancer.org/downloads/STT/CAFF_finalPWSecured.pdf
[x] http://ospp.od.nih.gov/pdf/table_1.pdf 
[xi] http://www.cdc.gov/nccdphp/arthritis/index.htm
[xii] http://www.nof.org/news/pressreleases/2004_surgeon_general_report_release.htm
http://www.cdc.gov/media/pressrel/2008/r080624.htm

Millions of people suffer and die from diseases for which 
there is very little known about the genetic basis

http://www.nof.org/news/pressreleases/2004_surgeon_general_report_release.htm


• study on prescription records of nearly 4M children a year, ages 5 to 19 
showed big increases in prescriptions for type-2 diabetes, high 
cholesterol, asthma and attention deficit and hyperactivity

• Boys taking medication grew by 39% 

• Girls taking medication climbed by 147%

• kids as young as 5 being treated with type-2 diabetes drugs

• 23,000 privately insured children in the USA are now taking diabetes 
medications - may not apply to the 40% of children who are uninsured or 
covered by government health plans

• Most of the increase in drugs for diabetes, attention deficit/hyperactivity 
and depression was seen in girls

“The number of children who take medication for 
chronic diseases has jumped dramatically” 11/3/08

http://www.usatoday.com/news/health/2008-11-02-kidsmedications_N.htm
http://www.eurekalert.org/pub_releases/2008-11/slu-tat103108.php

http://www.usatoday.com/news/health/2008-11-02-kidsmedications_N.htm
http://www.eurekalert.org/pub_releases/2008-11/slu-tat103108.php


Ever Widening Innovation Gap
Things are not going well in medical research



Manufacturer Reported Serious Adverse Events Increase every Year

Things are not going well in medical research



Date
Approved Drug Name Use Risks

Date
Withdrawn

2004
2001

Tysabri
Bextra

Multiple Sclerosis
Pain reliever

Rare, frequently fatal demyleinating 
disease of CNS
Heart attack/stroke; fatal skin reactions

2005
2005

1999 Vioxx Pain reliever Heart attack/stroke 2004

1997 Baycol Cholesterol Severe damage to muscle, that is 
sometimes fatal

2001

1999 Raplon Anesthesia An inability to breathe normally 2001

1993 Propulsid Heartburn Fatal heart rhythm abnormalities 2000

1997 Rezulin Type 2 diabetes Severe liver toxicity 2000

1988 Hismanal Antihistamine Fatal heart rhythm abnormalities 1999

1997 Raxar Antibiotic Fatal heart rhythm abnormalities 1999

1997 Posicor High blood pressure Dangerous interactions with other drugs 1998

1997 Duract Pain reliever Severe liver damage 1998

1985 Seldane Antihistamine Fatal heart rhythm abnormalities 1998

1973 Pondimin Obesity Heart valve abnormalities 1997

1996 Redux Obesity Heart valve abnormalities 1997

Drugs Withdrawn from Market since 1997 due to Toxicity

Things are not going well in medical research



Analyte Manufacturer Indications for Use USE as of

Anti-RNA polymerase III antibodies MBL systemic sclerosis 6/19/06

Fecal calprotectin Genova IBD 3/21/06

Glutamic

 

acid decarboxylase

 

autoantibodies Kronus Type I diabetes mellitus ( 11/4/05

Thyroglobulin

 

(as a tumor marker) Am. Laboratory Products thyroglobulin 7/14/97

Ribosomal P autoantibodies Hogan & Hartson SLE 5/23/96

ANCA (proteinase

 

3 antibodies) Shield Diagnostics Wegener’s granulomatosis 3/6/95

ANCA (Anti-myelo-peroxidase

 

antibodies) Shield Diagnostics glomerulonephritis, 3/6/95

Soluble liver antigen autoantibodies INOVA autoimmune hepatitis 7/30/02

LKM-1 autoantibodies INOVA autoimmune hepatitis, Type I 6/7/00

Anti-skin (desmoglein

 

1 and 3) autoantibodies RhiGene pemphigus 6/9/00

β2 glycoprotein I IgG

 

autoantibodies INOVA Diagnosis thrombotic disorders secondary to SLE 6/25/97

Anti-gp210 autoantibodies INOVA Diagnostics primary biliary

 

cirrhosis 6/25/04

Anti-sp100 autoantibodies INOVA Diagnostics primary biliary

 

cirrhosis 6/13/05

Anti-cyclic citrullinated

 

peptide antibodies INOVA Diagnostics rrheumatoid

 

arthritis 4/29/02

Anti-

 

IgG

 

Saccharomyces cerevisiae antibodies  INOVA Diagnostics Crohn’s

 

disease 7/11/00

Gliadin

 

(gluten) IgA

 

antibodies IMMCO Diagnostics celiac disease and dermatitis herpetiformis 5/30/97

Carbohydrate antigen (CA 19-9) for monitoring Fujirebio

 

Diagnostics cancers of the exocrine pancreas 5/9/02

Lp-PLA2 (lipoprotein-associated phopholipase

 

A2) diaDexus CHD 2003

Brain Natriuritic

 

Peptide Biosite CHD 2000

MPO MI 2005

Few new diagnostic protein markers FDA-cleared/approved since 1995
Things are not going well in medical research



The older we get – the more expensive health care becomes

Source: National Center for Policy Analysis – NCPA.ORG

Future is bleak, unless…….



“These trends are not 
sustainable” – Janet Woodcock

• Rising costs of development, coupled with 
continuing high clinical failure rate are on a 
collision course with societal demand for more 
certainty prior to product approval

• Despite these problems, unmet medical needs 
persist and never has there been more scientific 
opportunity for addressing them

• A new development model or paradigm is 
needed

Janet Woodcock – NIST Talk 24 Sept. 2007



100 trillion human cells
216 stem cell lineages 
6 billion base pairs of DNA
30,000 genes encoding proteins
10 million total distinct proteins in a person
2000 distinct proteins functioning in a cell
60,000 reactions/cell/minute
100,000’s of molecular events 
50 or so organs and organ systems

What we’ve learned
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Disease is the result of 
perturbations in 

complex biomolecular 
networks

What we’ve learned



Disease is the result of perturbations in complex 
biochemical networks

Genomics is helpful, but limited

Only a very small number of single protein 
biomarkers are good indicators or predictors of a 

limited number of diseases

A more complete understanding of human 
physiology is needed in order to identify good 

biomarkers

What we’ve learned



Medicine will focus on keeping people well and treating 
disease at its earliest stages!!

Laboratory medicine will lead the way!!

-omics will dominate!!

“Disease signatures” comprised of hundreds or 
thousands of data point will be the biomarkers of the 

future 

Drug companies will develop their markets around 
interventional treatments for “disease signatures”!! 

What’s will happen??



Normal Human System
100 trillion cells
6 billion basepairs of genetic information
30,000 genes
10 million different proteins
60K reactions/cell/minute
100,000’s of molecular events 
216 stem cell lineages
50 organs and organ systems

Multiplex Measurements

Computer Integration
• Increased Drug Pipeline
• Improved Diagnostics
• New Predictive Biomarkers
• Decrease Adverse Events
• Increase profitability

• Improve Clinical Outcome
• Better Treatment Monitoring
• Fewer Errors & Misdiagnoses
• Predict Disease Onset
• Prevent Disease
• Improved Lifestyle Counseling
• Reduce Health Care Costs

Discovery Decisions

Clinical Decisions

ABNORMALITIES

“Disease signatures” = Measurable alterations in the 
complex biomolecular network and associated physical 

(anatomical) changes



The new laboratory medicine

• Focus will be on transitional state disease signatures
• Disease begins but no symptoms appear (e.g. IFG/prediabetes)
• Often occur long before people realize they are sick
• Unique set of biochemical, anatomical and functional changes
• Distinguishes healthy vs. sick
• Person-specific
• Parameters in Blood –

 

easy to sample and measure
• Are the true “biomarkers” everyone is looking for
• Could be detected with the proper technologies

Good Guy = healthy

Bad Guy = sick

Transitional StatesWellness Symptoms



Blood 
& tissue 

handling

Molecular 
measurements

Quantitate 1000-2000 organ-specific proteins to: 
• predict disease onset;
• monitor environmental affects on wellness;
• identify disease;
• stratify disease;   
• progression of disease; 
• response of disease to therapy etc.

Systems medicine: obtaining disease 
signatures

Dr. Leroy Hood:  Organ-specific blood protein fingerprints as 
signatures for health status monitoring 

Analytical
Instrument

Data

Computer
Visualization



Today
HC markets based 
on numbers of sick 
people

Tomorrow
HC markets based on 
numbers of people with 
preventable diseases

Metric
Number of people 
positive for valid 
predictive biomarkersOutcome

People suffer and die 
from chronic and 
preventable diseases 
with multiple 
hospitalizations

Outcome
Most people will die of 
old age or trauma with 
minimal hospitalizations

Metric
Morbidity and mortality 
rates

Health care markets must change

Cost
$2 trillion/year in 2005
$4 trillion/year by 2015

Cost savings
$50B for diabetes alone



Standards for visualization of disease signatures

Discovery of disease signatures – Standards to provide confidence in platforms 
used to develop new measurement devices and in clinical studies to discover disease 
signatures

Clinical analysis of disease signatures – Standards to provide laboratorians, 
physicians and patients confidence in the clinical measurement and analysis of 
disease signatures

• Standards – reference materials, data and methods
• Services – calibrations, analytical validation
• Biochemical measurement tools – microarrays, MS, immunoassays
• Imaging tools – pattern changes in multiplex assays, anatomical changes
• Image analysis standards – fluorescence, etc.
• Informatics standards – Signature analysis software

• Standards for high throughput commercial assays 
• Image analysis standards - fluorescence
• Data transmission standards 
• Data security standards

Develop platform standards to ensure the accuracy of the results 
obtained using various analytical systems



Transitional States

Systems Medicine
Computer–integrated global measurements

Interventional Therapeutics
Improved quality of life - Healthier Population

Greater economic security -Lower per capita HC 
spending



Technology to measure and analyze

Cell-type-specific networks
Organ-specific networks

Organ-specific secretomes
Autoantibodies

Serum proteomes in individuals
MicroRNAs

Multiples of metabolites
Serum proteomes in large populations

What’s preventing us from getting there??



We really can get there from here!!

Human 
Disease 

Proteome 
Project??



Human Disease Proteome Project??
Identify the disease signatures for the most 

important diseases by 2020
Project Scope

•
 

Technology development (Measurements and Computational)
•

 
Clinical trials for validation of disease signature biomarkers

•
 

Infrastructure development (Information management)
•

 
Standards development 

•
 

Health care practitioner training

Will Enable
•

 
Biomarker discovery

•
 

New diagnostic development 
•

 
Better clinical decision making

•
 

Functional linkage to genomics
•

 
P4 medicine and new interventional therapeutic approaches



Human Disease Proteome Project??
What we hope to learn

Disease signatures of 
• Early stage cancers
• Early cardiovascular disease
• Early chronic autoimmune diseases (RA, lupus, fibromyalgia)
• Environmental toxin exposures
• Immune system activation

What we hope to achieve
• 50% reduction in congestive heart failure and heart attack
• 80-90% reduction in IDDM1 through early childhood screening
• >50% increase in 5-year survival of lung cancers
• Understanding of environmental influences for developing chronic diseases
• Better diagnosis of undifferentiated and undetermined diseases
• Reduce insurance premiums
• Reduce hospitalizations
• Dramatically reduce health care spending
• Reduce national debt



Better measurements can 
change the world!!!

That’s Why We’re Here!!!



“Disease Signatures” 
How Better Measurements Will Change the 
Practice of Medicine and Improve Economic 

Security
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