
Assessing the Evidence Base for Cancer Screening 
as New Technologies are Developed 

National Academy of Medicine
March 2, 2020

David F Ransohoff MD
Departments of Medicine and Epidemiology
University of North Carolina at Chapel Hill

3/4/2020 1



Disclosures

CONSULTING
•Past

Exact Sciences
GRAIL

•Present
Delfi

EQUITY/OTHER
none

3/4/2020 2



Assessing the Evidence Base for Cancer Screening 
as New Technologies are Developed 

3/4/2020 3



Assessing the Evidence Base for Cancer Screening 
as New Technologies are Developed 

Question
•How do we decide which technologies work?  What kind of evidence 

is needed?
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Conceptual framework to assess evidence for screening
(from 1970s, by Nuffield Provincial Trust, Canadian Task Force, and US Preventive Services Task Force)

Four questions:
1. Does disease, untreated, cause bad outcome?
2. Can the screening test discriminate disease vs not? 
3. Based on discrimination, does intervention cause improved outcome?

Strong evidence, like RCT, is required; should be quantitative.
4. Is benefit greater than harm, quantitatively?

5

modified from
Harris R. Am J Prev Med 2001;20 (Suppl):21



Assessing the Evidence Base for Cancer Screening 
as New Technologies are Developed 
TODAY: EVIDENCE ABOUT “DISCRIMINATION”

1. Theme
An important step in conducting science - ‘Asking what might be wrong’ –
is especially difficult in research about new technology

2. Problems
•research design
•data analysis

3. Lessons 
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Feynman says, “Ask what might be wrong”
to avoid fooling yourself, which is easy.

Feynman. Engineering and Science 1974:10-13.

“Details that could throw doubt 
on your interpretation must be given, 
if you know them.... [I]f you know anything
at all wrong, or possibly wrong--to explain it.”



‘Asking what might be wrong’ is the reason some fields, like 
molecular biology of the gene, advanced faster than others

Platt. Strong inference. Science 1964;146:347



Assessing the Evidence Base for Cancer Screening 
as New Technologies are Developed 

TODAY’S FOCUS: EVIDENCE ABOUT “DISCRIMINATION”
1. Theme

An important step in conducting science - ‘Asking what might be wrong’ –
is especially difficult in research about new technology

2. Problems
•research design
•data analysis

3. Lessons 
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Challenge in research design about test discrimination: BIAS

Definition: 
•Bias can occur in a comparison when the groups compared differ systematically 

in some way other than ‘cancer vs not’.  

Importance:  
•Discrimination caused by bias won’t reproduce or ‘validate’.
•Bias may be fatal.
•Bias in non-experimental (observational) research is so difficult to avoid and 

so important that ‘a study is guilty until proven innocent’.

Ransohoff. Nat Rev Cancer 2005;5:142-9



Does a diagnostic test discriminate: 4 Steps in observational research

Cancer

Control

Specimens are
received in lab

2. Analyze Specimens
DNA extraction, sequencing,
mass spec, etc

1. Choose Subjects
and Specimens

3. Analyze Data
multivariable analysis,
cross-validation, etc.

STEP

4. Compare Results
sensitivity, specificity,
AUC, etc
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#1: Proteomics blood test for OvCa (2002)

Lancet 2002; 359: 572-577

Method: In Ca vs not: assess mass spec proteomics patterns 
Result: ~100% sensitivity, specificity for ovarian cancer



#1: Proteomics blood test for OvCa (2002)

Lancet 2002; 359: 572-577

Method: In Ca vs not: assess mass spec proteomics patterns 
Result: ~100% sensitivity, specificity for ovarian cancer
Bias:  Compared groups differed, but not due to cancer.

•Cancer vs controls were analyzed on different days
•Mass spec drifts over time;‘discrimination’is hardwired into results. 

(Baggerly. Bioinformatics 2004; JNCI 2005)

Identifying this bias took 3 yrs, even with raw data.
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Cancer
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received in lab
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DNA extraction, sequencing,
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#2: Proteomics blood test for OvCa (2008)

Clin Cancer Res 2008;14:1065

Method:
•Measure specific markers
•Pts from different clinics: Ca (high-risk, with mass) v nl (screening)

Result:  ~100% sensitive/specific for OvCa
Bias: Compared groups may be different: 

•‘Stress’ proteins could differ because of stress, not cancer.
•Specimen handling could differ in the 2 clinics.

McIntosh M. Ovarian cancer early detection claims are biased.Clin Cancer Res 2008;14(22):7574.

‘What might be wrong’: not discussed in article or press release.



Example #1:  2004 Example #2:  2008

Both OvCa blood test claims were in New York Times



#3: Proteomics blood test for PrCa (2006)

Method: In persons with/without PrCa, measure peptide patterns
Results: ~100% sensitive, specific for PrCa.
Bias: The compared groups are different:

•Cancer:  mean age 67y.o.;  100% men

J Clin Invest 2006;116:271



#3: Proteomics blood test for PrCa (2006)

Method: In persons with/without PrCa, measure peptide patterns
Results: ~100% sensitive, specific for PrCa.
Bias: The compared groups are different:

•Cancer:  mean age 67y.o.;  100% men
•Control:  mean age 35y.o.;  58%  women

J Clin Invest 2006;116:271



#3: Proteomics blood test for PrCa (2006)

Nat Rev Cancer 2006 WW

JCI report referenced article about ‘bias as a threat to validity’.
J Clin Invest 2006;116:271



3/4/2020 22



#3: Proteomics blood test for PrCa (2006)

An obvious bias (‘what might be wrong’) -comparing men vs women-
wasn’t noted by investigators, editors, reviewers, or editorialists. 

What are lessons, then, for bias that is more subtle but may be fatal?
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then GIGO, the problem, cannot be fixed by any amount

of ‘better analysis’ of specimens or data.
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Does a diagnostic test discriminate: 4 Steps in observational research

Cancer

Control

Specimens are
received in lab

2. Analyze Specimens
DNA extraction, sequencing,
mass spec, etc

1. Choose Subjects
and Specimens

3. Analyze Data
multivariable analysis,
cross-validation, etc.

STEP

#2, #3

Problems to L of Red Line: More Examples
•Did happen:

-cases: serum; controls: plasma
-cases from S.America; controls from USA
-cases collected over 10 yrs, controls over last year

•Could happen:
-thaw-freeze cycles more frequent in cancers than controls
-knowledge of outcome affects interpretation of assay (and vice versa)
etc  etc

4. Compare Results
sensitivity, specificity,
AUC, etc

PROBLEM #1
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Do OvCa blood tests discriminate? 
NCI designed a study to help answer;  may have lessons for future.

By 2008, there were 5 claims of high sens/spec, but none ‘validated’.
In 2008, NCI designed a validation study: nested case-control design within 

NCI/PLCO bank of serial bloods, to compare 5 new assays with CA125. 
•Concept: Blood specimens from asymptomatic persons may be available 

‘near’ the time of diagnosis; can be assessed blinded. 
•This design helps ‘make other things equal’, un-biased, re handling of 

bloods, assessment of outcome, etc.
Zhu, Pinsky, Cramer, Ransohoff et al. Cancer Prev Res 2011:4:375
Ransohoff. J Clin Epi 2007;60:1205 
Pepe.  JNCI 2008;100:1432. [PRoBE design]



Result: 5 new assays no better than Ca125



Could appropriate cohort infrastructure be developed?
For example, using large population-based health systems, like HMOs, VA, Scandinavian countries.
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How to address challenges at each step
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Control
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received in lab
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sensitivity, specificity,
AUC, etc

PROBLEM BIAS
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Challenges in asking ‘What might be wrong?’
First, it’s hard to know what to ask and where to look for answers.  

Obvious problems can be missed.
Second, each step requires different expertise, raising questions about

communication, responsibility, leadership.



Third challenge: There may be incentive to 
not ask ‘What might be wrong?’
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•Also called: “self-serving statistical sloppiness.”



Third challenge: There may be incentive to 
not ask ‘What might be wrong?’

•Also called: “self-serving statistical sloppiness.”
•Incentives may reflect a ‘systems problem’.  Deming says, 

“Every system is perfectly designed to get the results it gets.”



Assessing the Evidence Base for Cancer Screening 
as New Technologies are Developed 

Selected topics for further consideration (not a list of shovel-ready projects)
•Resources

-Cultivate cohorts, when feasible, to create banks of subjects/specimens for 
‘nested case control studies’ to be used in discovery and validation research; 
will be feasible someday.

•Organization
-To effectively ask ‘what might be wrong’ in planning research, arrange for 
appropriate expertise/communication/leadership among involved scientists.

•Motivation
-Consider how to motivate people to improve strength of science; what 
‘systems problems’ need to be addressed.
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Einstein’s comment, related to ‘Ask what might be wrong’:
“One must not conceal any part of what one has recognized to be true.”

at entrance to Keck Center
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