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Different Kinds of Biomarkers

� Prognostic biomarkers

� Measured before treatment to indicate long-term outcome 
for patients untreated or receiving standard treatment

� May reflect both disease aggressiveness and effect of 
standard treatment

� Predictive biomarkers

� Measured before treatment to identify who will benefit from 
a particular treatment



Prognostic & Predictive Biomarkers

� Many cancer treatments benefit only a minority of 

patients to whom they are administered

� Being able to predict which patients are likely to 

benefit could 

� save patients from unnecessary toxicity, and enhance their 

chance of receiving a drug that helps them

� Help control medical costs 

� Improve the success rate of clinical drug development



Prognostic Biomarkers in Node Negative 

Breast Cancer

� To identify patients who are likely to be cured by 

surgery/radiotherapy and hormonal therapy and therefore are 

unlikely to benefit from adjuvant chemotherapy

� Oncotype Dx recurrence score based on expression of 21 

genes measured by RT-PCR on FFPE diagnostic biopsy



B-14 Results—Relapse-Free Survival
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Key Features of OncotypeDx 

Development

� Identification of important therapeutic decision context

� Prognostic marker development was based on patients with 
node negative ER positive breast cancer receiving tamoxifen as 
only systemic treatment

� Use of patients in previously conducted NSABP clinical trials

� Staged development and validation

� Separation of data used for test development from data used for test 
validation

� Development of robust assay with rigorous analytical validation

� 21 gene RTPCR assay for FFPE tissue

� Quality assurance by single reference laboratory operation



Prognostic Factors in Oncology

� Most prognostic factors are not used because 
they are not therapeutically relevant

� Most prognostic factor studies are not 
conducted with a medical indication clearly in 
mind

� They use a convenience sample of patients for whom 
tissue is available. 

� Generally the patients are too heterogeneous to 
support therapeutically relevant conclusions



TAILORx Clinical Trial for Prosepctive 

Evaluation of Oncotype Dx

� Prospectively register patients with breast cancer
� Node negative, HR positive, HER2 negative, age < 75, standard eligibility for chemorx 

� All patients receive hormonal therapy

� 900 sites participating

� Perform Oncotype Dx assay

� If OncotypeDx RS < 11
� Withhold chemotherapy

� Sized to evaluate whether 10-year DFS is > 95% vs < 93.5%

� If RS 11-25
� Randomize to +- chemotherapy

� Sized to detect 3% reduction in 5-year DFS from baseline of 90% with chemo

� If RS > 25
� Administer chemotherapy



Predictive Biomarkers

� Predictive markers to identify patients whose tumors are 

likely (or unlikely) to benefit from specific drugs.

� Particularly important for molecularly targeted drugs

� Usually single gene/protein

� HER2 for anti-Her2 rx in breast cancer

� KRAS for anti-EGFR antibodies in colorectal cancer









Validation = Fitness for Intended Use



Types of Validation

� Analytical validation

� Accuracy in measurement of analyte

� Robustness and reproducibility

� Clinical validation

� Correlation with clinical state or outcome

� Clinical utility

� Actionable

� Use results in patient benefit



Clinical Utility

� Benefits patient by improving treatment 

decisions

� Depends on context of use of the biomarker

� Treatment options and practice guidelines

� Other prognostic factors



Optimal Designs for Evaluating the Clinical Utility 

of a Prognostic Biomarker in Breast Cancer

� Prospective trial to identify such patients and 

� withhold chemotherapy

� TAILORx

� or randomize to chemorx vs withhold chemorx

� MINDACT

� Prospective-retrospective analysis

� Prospective plan for analysis of archived specimens from 
previous clinical trial in which patients did not receive 
chemotherapy

� NSABP B14 evaluation of OncotypeDx



Optimal Design for Evaluating Predictive 

Biomarker
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Marker Strategy Design





Prospective-Retrospective Study













Use of Archived Tissues To Determine Clinical Utility of 

Tumor Markers

Category A B C D

Trial Design Prospective Prospective using archived samples Prospective /observational Retrospective/observational

Clinical trial PRCT designed to 

address tumor 

marker

Prospective trial not designed to address tumor 

marker, but design accommodates tumor 

marker utility.

Accommodation of predictive marker requires 

PRCT

Prospective observational registry, 

treatment and follow up not 

dictated

No prospective aspect to study

Patients and 

patient data

Prospectively enrolled, 

treated, and 

followed in 

PRCT

Prospectively enrolled, treated, and followed in 

clinical trial and, especially if a predictive 

utility is considered, a PRCT addressing the 

treatment of interest

Prospectively enrolled in registry, 

but treatment and follow up 

standard of care

No prospective stipulation of 

treatment or follow up; 

patient data collected by 

retrospective chart review

Specimen 

collection, 

processing, 

and archival

Specimens collected, 

processed and 

assayed for 

specific marker 

in real time

Specimens collected, processed, and archived 

prospectively using generic SOPs. Assayed 

after trial completion. 

Specimens collected, processed, and 

archived prospectively using 

generic SOPs.  Assayed after 

trial completion.

Specimens collected, processed and 

archived with no prospective 

SOPs

Statistical 

Design and 

analysis

Study powered to 

address tumor 

marker 

question.

Study powered to address therapeutic question; 

underpowered to address tumor marker 

question.

Focused analysis plan for marker question 

developed prior to doing assays

Study not prospectively powered at 

all.  Retrospective study 

design confounded by 

selection of specimens for 

study.

Focused analysis plan for marker 

question developed prior to 

doing assays

Study not prospectively powered at 

all.  Retrospective study 

design confounded by 

selection of specimens for 

study.

No focused analysis plan for marker 

question developed prior to 

doing assays

Validation Result unlikely to be 

play of chance

Although preferred, 

validation not 

required

Result more likely to be play of chance that A, but 

less likely than C.

Requires one or more validation studies

Result very likely to be play of 

chance.  

Requires subsequent validation 

studies

Result very likely to be play of 

chance.  

Requires subsequent validation

Simon R.M., Paik S, Hayes DF.  J Natl Cancer Inst. 101:1446-52, 2009



Use of Archived Tissues To Determine Clinical Utility of 

Tumor Markers

Category A
Trial Design Prospective

Clinical trial PCT/PRCT designed to address tumor marker

Patients and patient data Prospectively enrolled, treated, and followed in 

PCT/PRCT

Specimen collection, 

processing, and archival

Specimens collected, processed and assayed for 

specific marker in real time

Statistical Design and analysis Study powered to address tumor marker 

question.

Validation Result unlikely to be play of chance

Although preferred, validation not required

Simon R.M., Paik S, Hayes DF.  J Natl Cancer Inst. 101:1446-52, 2009



Use of Archived Tissues To Determine Clinical Utility of 

Tumor Markers

Category B

Trial Design Prospective using archived samples

Clinical trial Prospective trial not designed to address tumor marker, but design 

accommodates tumor marker utility.

Accommodation of predictive marker requires PCT/PRCT

Patients and patient 

data

Prospectively enrolled, treated, and followed in clinical trial and, 

especially if a predictive utility is considered, a PRCT addressing 

the treatment of interest

Specimen collection, 

processing, and 

archival

Specimens collected, processed, and archived prospectively using

generic SOPs. Assayed after trial completion. 

Statistical Design 

and analysis

Study powered to address therapeutic question; underpowered to 

address tumor marker question.

Focused analysis plan for marker question developed prior to doing 

assays

Validation Result more likely to be play of chance that A, but less likely than C.

Requires one or more validation studies

Simon R.M., Paik S, Hayes DF.  J Natl Cancer Inst. 101:1446-52, 2009



Use of Archived Tissues To Determine Clinical Utility of 

Tumor Markers

Category C
Trial Design Prospective /observational

Clinical trial Prospective observational registry, treatment and follow up 

not dictated

Patients and patient 

data

Prospectively enrolled in registry, but treatment and follow up 

standard of care

Specimen collection, 

processing, and 

archival

Specimens collected, processed, and archived prospectively 

using generic SOPs.  Assayed after trial completion.

Statistical Design and 

analysis

Study not prospectively powered at all.  Retrospective study 

design confounded by selection of specimens for study.

Focused analysis plan for marker question developed prior to 

doing assays

Validation Result very likely to be play of chance.  

Requires subsequent validation studies

Simon R.M., Paik S, Hayes DF.  J Natl Cancer Inst. 101:1446-52, 2009



Use of Archived Tissues To Determine Clinical Utility of 

Tumor Markers

Category D
Trial Design Retrospective/observational

Clinical trial No prospective aspect to study

Patients and patient data No prospective stipulation of treatment or follow up; patient data 

collected by retrospective chart review

Specimen collection, 

processing, and archival

Specimens collected, processed and archived with no prospective 

SOPs

Statistical Design and 

analysis

Study not prospectively powered at all.  Retrospective study 

design confounded by selection of specimens for study.

No focused analysis plan for marker question developed prior to 

doing assays

Validation Result very likely to be play of chance.  

Requires subsequent validation

Simon R.M., Paik S, Hayes DF.  J Natl Cancer Inst. 101:1446-52, 2009



Revised LOI Scale: Use of Archived Tissues

Level of 

Evidence

Category from 

Table 1

Validation Studies

Available

I A None required

I B One or more with consistent results

II B None

or

Inconsistent results

II C 2 or more with consistent results

III C None

or

1 with consistent results

or

Inconsistent results

IV-V D NA

Simon R.M., Paik S, Hayes DF.  J Natl Cancer Inst. 101:1446-52, 2009







Conclusions

� Claims of medical utility for prognostic and predictive 
biomarkers based on analysis of archived tissues can have either 
a high or low level of evidence depending on several key factors. 

� These factors include the analytical validation of the assay, the 
nature of the study from which the specimens were archived, 
the number and condition of the specimens, and the 
development prior to assaying tissue of a focused written plan 
for analysis of a completely specified biomarker classifier. 

� Studies using archived tissues from prospective clinical trials, 
when conducted under ideal conditions and independently 
confirmed can provide the highest level of evidence. 

� Traditional analyses of prognostic or predictive factors, using 
non analytically validated assays on a convenience sample of 
tissues and conducted in an exploratory and unfocused manner 
provide a very low level of evidence for clinical utility. 


