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Background/Purpose 

1. Audience – what fields? (biology; technology; other?) 
2. What audience needs to know (I.e., purpose of session): 

a. You are about to work in a (perhaps) new field: 
“clinical research” (early detection markers (EDRN), 
diagnosis, prognosis etc). 
b. “Rules of evidence” in this field may be different than 
what you are used to. 

 
c. What to do about a and b: 
Understand what problems; how serious; how to avoid. 



“Validity” 

 
        Meaning of “validity” is broad (Lat: “strong”) 

     and confusing; meaning must be specified. 
                 
 

                   Nat Rev Cancer 2004; 4:309-14 



Two critical threats to validity 

 
1. Chance 

Does chance explain ‘discrimination’? 
 

2. Bias 
Does bias explain ‘discrimination’?  

 
 

                    Nat Rev Cancer 2005;5:142-9 





               



                



Strong discrimination led to 
interpretation as “definitive” 

for clinical practice 
“... gene-expression patterns of primary tumours are better than 

available clinicopathological methods for determining the 
prognosis of individual patients.6,10,11” 

      Ramaswamy and Perou, Lancet 2003;361:1576-7 
 
for biological research 
“... compelling evidence... genetic program of a cancer cell at 

diagnosis defines its biologic behavior many years later, refuting 
a competing hypothesis....” 
  Wooster and Weber, NEJM 2003;348:2339-47 



Can chance explain results? 

Definition: In multivariable predictive models, overfitting (a 
problem of ‘chance’) occurs when large N of predictor 
variables is fit to a small N of subjects.  A model may ‘fit’ 
perfectly by chance, even if no real relationship.   
    (Simon, JNCI 2003) 

 
Consequence: Results not reproducible in independent group. 
 
Method to check for: Assess reproducibility in independent 

group. 



Can chance explain results? 

to the editor: 
“In research to validate a prognostic system, the inclusion 

of 61 patients from the… [training group in the 
validation group (N=295) means] the validation group 
is not independent.... [and] the degree of prognostic 
discrimination may have been inflated....” 

                       (NEJM 2003;348:1716) 





If less discrimination, would 
interpretation be so strong?  

for clinical practice 
“... gene-expression patterns of primary tumours are better than 

available clinicopathological methods for determining the 
prognosis of individual patients.6,10,11” 

      Ramaswamy and Perou, Lancet 2003;361:1576-7 
 
for biological research 
“... compelling evidence... genetic program of a cancer cell at 

diagnosis defines its biologic behavior many years later, refuting 
a competing hypothesis....” 
  Wooster and Weber, NEJM 2003;348:2339-47 



To check for overfitting, assess 
reproducibility in independent group   

                                                            Nat Rev Cancer 2004;4:309.  





                                   N Engl J Med 2004;351:2817-26. 

 
   ... because Methods showed ‘independent validation’: 

 
“The prospectively defined assay methods and end points 

were finalized in a protocol signed on August 27, 2003.  
RT-PCR analysis was initiated on September 5, 2003, 
and... data were transferred... for analysis on 
September 29, 2003.” 

Chance/overfitting is addressed in 
         study of RNA expression 





Two critical threats to validity 

 
1. Chance 

Does chance explain ‘discrimination’? 
 

2. Bias 
Does bias explain ‘discrimination’?  

 
 

                    Nat Rev Cancer 2005;5:142-9 



Experimental design and biospecimens 

Problem 
• In biomarker research (particularly “discovery”), 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. 





Let’s go back to: 
Background/Purpose 

1. Audience – what fields? (biology; technology; other?) 
2. What audience needs to know (I.e., purpose of session): 

a. You are about to work in a (perhaps) new field: 
“clinical research” (early detection markers (EDRN), 
diagnosis, prognosis etc). 
b. “Rules of evidence” in this field may be different than 
what you are used to. 

 
c. What to do about a and b: 
Understand what problems; how serious; how to avoid. 



What this means for  
Alliance of Glycobiologists 

a. As you interact with EDRN, understand where your 
expertise ends and others’ begins (e.g. about “clinical 
research design”... that produces specimens).   

b. You may not have interest/experience to design 
strong “clinical study” that arranges unbiased 
comparison of “cancer vs not.”  You may just want 
“specimens” to apply technology/biology to.  

c. IF SO, then utilize EDRN experts (Karl K; Ziding F) to 
help figure out “What EDRN specimens (i.e. what 
research study that produced specimens) are 
appropriate for my question.” 
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