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A Functioning Pipeline for Cancer 
Biomarker Development Requires Both 
Discovery and Directed Assay Components

“hypotheses”
• untargeted 

proteomics
• genomics



Experimental design and biospecimens

Problem
• In biomarker research, rate-limiting step is faulty 
study design, when bias (systematic difference 
between compared groups) makes results wrong and 
misleading.

Approach
• (to be described)



Problem: Bias – Example 1

Lancet 2002; 359: 572-577



Bias may explain ‘discrimination’

Claim
• ~100% sensitivity, specificity for ovarian cancer

Problem: Compared groups: different, not due to cancer 
• Mass spectrometry measurements done on different 
days in cancer specimens vs controls

• Spectrometer drifts over time; ‘signal’ or 
‘discrimination’ is hardwired into results.

(Baggerly. Bioinformatics 2004)



Problem: Bias – Example 2

Clin Cancer Res 2008;14:1065



Bias may explain ‘discrimination’

Claim
• ~100% sensitivity, specificity for ovarian cancer

Problem: Compared groups: different, not due to cancer 
• Cancers from ‘high-risk clinic’ (pelvic mass)
• Controls from screening clinic
• “Stress” protein markers may differ in compared 
groups; bias may explain results; interpretation 
should be moderated.

(McIntosh. CCR, 2008;14:7574)



Bias may occur in different ‘locations’
in observational study design

After specimens are received in 
lab, differences occur in handling: 
time, place, etc. 
(Example #1)

Before specimens are received in lab,
differences occur in demographics, 
collection methods, etc.
(Example #2)

Cancer

Control

Specimens
received in lab



Experimental design and biospecimens

Problem
• In biomarker research, rate-limiting step is faulty 
study design, when bias (systematic difference 
between compared groups) makes results wrong and 
misleading

Approach
• Understand specimens are product of a study. 
Specimen collection must be designed to avoid bias.



RFA focused on technology,
not discovery

RFA said “no discovery”
Request For Applications (RFA) Number: RFA-CA-07-005

“This funding opportunity will not support research 
addressing discovery of... proteins and peptides (biomarker 

discovery)....”

RFA also said “collect specimens”
Request For Applications (RFA) Number: RFA-CA-07-012

“(2a) Availability of Human Clinical Samples.
...The application must include explicit plans for procuring 

prospectively collected samples....”



CPTAC approach to experimental 
design and biospecimens

Initial proposal from CPTAC sites
• Collect blood specimens from Breast Ca vs not,

after diagnosis is made

Decision of CPTAC Biospecimen Working Gp (S. Skates)
• Collect before diagnosis, to avoid bias of baseline

inequality



CPTAC approach to experimental 
design and biospecimens

Source
• BrCa screening clinics at 4 CPTAC sites, 500 patients/site
• Patients with breast masses on x-ray, before biopsy

Patients (accrual goal: 2000 patients with breast masses)
• Expected cases: 500 BrCa (250 invasive, 250 DCIS)
• Expected controls: 1500

Comment: Design of ‘prospective collection’ (before diagnosis)
avoids bias occurring before specimens reach lab (Example 2).



CPTAC approach to experimental 
design and biospecimens

Source
• BrCa screening clinics at 4 CPTAC sites, 500 patients/site
• Patients with breast masses on x-ray, before biopsy

Patients (accrual goal: 2000 patients with breast masses)
• Expected cases: 500 BrCa (250 invasive, 250 DCIS)
• Expected controls: 1500

Comment: Design of ‘prospective collection’ (before diagnosis)
avoids bias occurring before specimens reach lab (Example 2).

Is ‘PRoBE design’ (Pepe, JNCI 2008; 100:1432)



CPTAC approach to experimental 
design and biospecimens

Future direction
• High-quality specimens: resource for ‘discovery’ questions, 

to assess technology
• Positive result (technology discriminates cancer vs not, or 

different kinds of cancer), demonstrates ‘proof of principle’ 
that ‘protein signal exists and can be detected’
(i.e., not due to bias).

Caveat
• Negative result does not say “technology doesn’t work”
• RFA focus: not to design process for ‘discovery’.
But perhaps CPTAC approach may be useful in future 

efforts.



Accomplishments

Problem
• In biomarker research, rate-limiting step is faulty 
study design, when bias (systematic difference 
between compared groups) makes results wrong and 
misleading

Accomplishments provide direction for future:
• High quality specimens
• PRoBE study design
• Advanced technology


