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Biomarker Definition

• A characteristic that is objectively 
measured and evaluated as an 
indicator of normal biologic 
processes, pathogenic processes, or 
pharmacologic responses to a 
therapeutic intervention

Janet Woodcock, 11/4/04



Categories of Biomarkers

• Post-treatment biomarkers
– Measures of pharmacological activity
– Surrogate endpoints 

• Nonvalidated
• Validated



Categories of Biomarkers

• Pre-treatment biomarkers
– Prognostic 

• Can be used to subdivide similar disease states
• Predictive of natural history of disease

– Predictive
• Can be used to select therapies
• Can be used optimize dosing



What are the opportunities?

• Optimize the target population
– Treat “good risk” population

• High likelihood of benefit
• Low likelihood of toxicity

– Exclude “bad risk” population
• Low likelihood of benefit
• High likelihood of toxicity
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Oncotype DX® 21-Gene 
Recurrence Score (RS) Assay
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16 Cancer and 5 Reference Genes From 3 Studies

Category RS (0 -100)
Low risk RS <18
Int risk RS 18 - 30

High risk RS ≥ 31

Paik et al. N Engl J Med. 2004;351:2817-2826.

RS = + 0.47 x HER2 Group Score 
- 0.34 x ER Group Score 
+ 1.04 x Proliferation Group Score
+ 0.10 x Invasion Group Score 
+ 0.05 x CD68
- 0.08 x GSTM1
- 0.07 x BAG1



What are the opportunities?

• Optimize the selection of drugs
– Select drug(s) with

• High likelihood of benefit
• Low likelihood of toxicity

– Exclude drug(s) with
• Low likelihood of benefit
• High likelihood of toxicity



•When resistance tests are obtained, expert advice in 
interpretation is strongly encouraged. 
•Genotypic resistance testing should be performed before 
initiating treatment in anti-retroviral (ARV) therapy-naive 
patients to determine whether they were infected with drug-
resistant virus. 
•Resistance testing should be performed promptly in cases of 
virologic failure or incomplete viral suppression. 
•Resistance testing should be performed while patients are 
still receiving therapy or have been off therapy for no more 
than 1 year.











What are the opportunities?

• Optimize dosing
– Identify population at high risk of toxicity 

at standard dose that requires dose 
reduction

– Identify population with low likelihood of 
benefit at standard dose that requires dose 
escalation







Relling & Dervieux, 2001
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Major challenges regarding 
biomarkers in 2009

• Reimbursement consistent with value
• Education of physicians and other health 

care professionals
• Informatics support for complex 

diagnostics
• Development of novel health care 

delivery systems for germline
genotyping/sequencing



Major challenges regarding 
biomarkers in 2009

• Reimbursement consistent with value
– Diagnostics can be marketed as CLIA-

certified services without demonstration of 
safety and efficacy

– Diagnostic reimbursement too low to 
support commercial randomized trials

– If drug reimbursement was based on value, 
diagnostics would enable increased 
reimbursement for drugs



Value-based reimbursement
• Assume “perfect” drug is worth 

$10,000/month 
– All patients remain alive and asymptomatic 

while on drug
– Copayment = price - $10,000



Value-based reimbursement
• Assume that 10% of patients treated with 

WonderDrug for BlockbusterIndication
benefit from the drug

• Assume that there is no way to know that 
a patient receiving WonderDrug is 
benefiting from the drug



Value-based reimbursement
• Hypothetical example

– WonderDrug is indicated to prevent 
recurrence of breast cancer after primary 
therapy



Value-based reimbursement
• WonderDrug is worth $1000 (10% of 

$10,000) per month
– Copayment = price - $1000

• What would a diagnostic (WonderTest) 
be worth that identified (with 100% 
accuracy) the 10% of patients who 
benefit?



Value-based reimbursement
• WonderDrug is worth $10,000/month for 

WonderTest-positive patients
• WonderDrug is worth $0/month (or less 

if toxic) for WonderTest-negative 
patients



Value-based reimbursement
• The value of WonderTest depends on

– WonderDrug price
– Average duration on WonderDrug for those that do 

not benefit
– Competition from “WonderDrug Wannabees”
– WonderDrug toxicity
– Synchronization of pricing of WonderDrug and 

WonderTest
– Patient acceptance of copayments

• Financial toxicity



Grade 5 Financial Toxicity



Major challenges regarding 
biomarkers in 2009

• Education of physicians and other health 
care professionals
– Minimal awareness of most physicians of 

advances in diagnostics
– Most physicians have little expertise in 

genomics
– Randomized trials are few and far between



Major challenges regarding 
biomarkers in 2009

• Informatics support for complex 
diagnostics
– Data generation is straightforward, but 

interpretation is difficult to impossible for 
average physician

– Will be necessary for optimal utilization of 
full genome information



Major challenges regarding 
biomarkers in 2009

• Development of novel health care 
delivery systems for germline
genotyping/sequencing
– Transition from laboratory diagnostic to 

service model



Vision for implementation of 
personalized therapeutics - 1

• All patients will be offered collection and 
storage of DNA samples for medical 
purposes

• Genotyping will be prospectively 
performed for all variants of potential 
clinical importance 
– Except those that predict disease risk (based 

on current law)
– Will be periodically (e.g., annually) updated



Vision for implementation of 
personalized therapeutics - 2

• A “genetic exam” will be part of most 
physician encounters
– Including all that include drug prescribing

• The genetic exam will be enabled by 
informatics support
– Ideally linked to electronic medical record



Vision for implementation of 
personalized therapeutics - 3

• Business model for genotyping
– High volume
– Low cost (universal benefit) per patient

• Business model for “genetic exam”
– Subscription basis or “per click”

• Charged to physician or patient

• Supported by subspecialists who provide 
consultative services in personalized 
therapeutics
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