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Constructing Chains of Evidence

Definition:
Chain: series of questions/evidence that, together, 

describe impact of a (genomic) test.

Issues:

•What questions are in the chain?  



In addition to title, IOM assigned 3 topics

1. What is your model for data generation or data 
assessment? 

2. Are there any compromises in the data which are being 
generated relative to RCTs? 

3. What are the barriers to making your model a routine 

evidence generation pathway for genomic tests?



In addition, IOM assigned 3 topics

1. What is your model for data generation or data 
assessment? 

2. Are there any compromises in the data which are being 
generated relative to RCTs? 

3. What are the barriers to making your model a routine 

evidence generation pathway for genomic tests?

‘My model’: an established analytic framework.



Established ‘Analytic framework’

S. Woolf said (IOM report, 4/10):

“...roundtable should consider... genomic profiling within... 

established frameworks for evaluating screening tests.  
Regardless of the type of test... standard set of analytic 

principles....” (used by USPSTF, WHO, etc.) including:

a. accuracy and reliability of test
b. effectiveness of early detection (benefit)

c. potential harms
d. balance of benefit vs harm

.



Established ‘Analytic framework’

S. Woolf said (IOM report, 4/10):

“...roundtable should consider... genomic profiling within... 

established frameworks for evaluating screening tests.  
Regardless of the type of test... standard set of analytic 

principles....” (used by USPSTF, WHO, etc.) including:

a. accuracy and reliability of test
b. effectiveness of early detection (benefit)

c. potential harms
d. balance of benefit vs harm

Questions a-d: simple to ask, hard to answer.  
RCT, addressing a-d, is ‘ideal’ source of evidence.

Discussion today, 11 17: Above issues discussed in 

detail (Piper, Calonge, others); not in 4/10 report.



‘Analytic framework’ (USPSTF; CRC scrng) illustrates

‘key questions’, requiring different pieces of evidence 



‘Analytic framework’ (USPSTF; CRC scrng) illustrates

‘key questions’, requiring different pieces of evidence 

Question #1: ‘Does screening/rx affect outcome’; evidence from RCT



a. accuracy, reliability

Does test detect?

If no RCT to answer a-d all at once, then ‘piece together’ a-d
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b. effectiveness

Does detect/treat 

affect outcome?



a. accuracy, reliability

Does test detect?

b. effectiveness

Does detect/treat 

affect outcome?
c.d. outcome: 

benefit, harm



Analytic framework

USPSTF framework, evolved over decades, is basis for clinical 
decision-making and ‘evidence-based medicine’

(recently by EGAPP)

a. accuracy and reliability of test
b. effectiveness of early detection (benefit)

c. potential harms
d. balance of benefit vs harm



a. accuracy, reliability

Does test detect?

Evindence about genomic tests is often limited to (a).

b. effectiveness

Does detect/treat 

affect outcome?
c.d. outcome: 

benefit, harm



Lessons from Analytic Framework

Lesson 1: Outcome (benefit/harm) is ‘bottom line’
•Not sufficient for test to ‘discriminate’ or have biological 

elegance; outcome must be improved by info/action.

Lesson 2. So research about discovery/development 
should anticipate outcome, use.
•For efficient discovery/development, work backwards 
from a specific clinical decision; benefit, harm; and 

‘desired features of test (OncoTypeDx; EXACT)



OncoTypeDx: can RNA predict BrCa recur

Study Design: evidence from observational cohort; 

piggy-backed onto one arm of RCT

Result: a group has good prognosis re recurrence

Comment:
•provides one link in chain (does test discriminate) 

•one arm of banked RCT: source of strong evidence

•technological breakthrough: RNA from FFPE
•conceptual breakthrough: work backwards from

clinical question/goal

NEJM 2004;351:2817



EXACT: can stool DNA diagnose CRC

Study design:  Cross-sectional

Result:  DNA test has 51% sensitivity for CRC

Comment:  
•’prospective’ study; requires ‘unique’ stool collection
•provides ‘one link in chain’ (does test discriminate);

one link may be ‘sufficient’ if data about other links

NEJM 2004;351:2704



Constructing Chains of Evidence

Questions: 

1. What is your model for data generation or data 

assessment? (Ans: ‘Analytic framework’.. links in chain)

2. Are there any compromises in the data which are 
being generated relative to RCTs? 

3. What are the barriers to making your model a routine 

evidence generation pathway for genomic tests?



2. Are there any compromises in the 
data which are being generated 

relative to RCTs? 

1. If no RCT, evidence is necessarily ‘limited’

•e.g. can assess ‘discrimination’ but not 
‘does discrimination/action affect outcome’ (e.g. EXACT)

2. Much ‘omic’ ‘evidence’ in 2010 is:

•re limited question (focus on discrimination)
•opaque (critical details of design not visible)

•wrong (‘discrimination’ due to bias or error, not biology)



Example:

Bias may explain ‘discrimination’

J Clin Invest 2006;116:271

Results:   Peptide patterns are ~100% sensitive, specific for prostate cancer.

Why pick proteomics problem? 

Answer: Issues similar in many ‘omics’ fields; but is well-documented here.

(Research design/conduct is opaque in many journals, especially basic). 
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Compared groups are different:

•Cancer:  mean age 67 y.o.;  100% men   
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Bias may explain ‘discrimination’

Compared groups are different:

•Cancer:  mean age 67 y.o.;  100% men   

•Control:  mean age 35 y.o.;    58%  women

Comment:

This study reported detail; but if ‘omics’ studies 

are opaque, cannot assess ‘strength’.



Constructing Chains of Evidence

Questions: 

1. What is your model for data generation or data 

assessment? 

2. Are there any compromises in the data which are 

being generated relative to RCTs? 

3. What are the barriers to making your model a 
routine evidence generation pathway for genomic 
tests?



3. What are the barriers to making your 
model a routine evidence generation 

pathway for genomic tests?

a. If ‘analytic framework’ model is a ‘pathway’:

•good news: makes (clinical) sense; experience (USPSTF) 
•bad news (barrier): not easy to get evidence

b. One barrier in ‘thinking’: investigators may not think of 

data as product of a study.. If study design is weak, then 
so is ‘link’. (‘Design as carefully as if ‘prospective’’: Hayes)

c. Rate-limiting step:
•is not funding, infrastructure, informatics, sharing data

•is formulating clinical question(s) and then designing 
study that provides strong evidence/link

d. Question: Can ‘existing data’ be used in strong design? 



Example: prognosis study design 

‘superimposed’ on practice data

Question:  Prognosis: ability to predict future CRC

Result: Very low risk of CRC at 5yr

Study design:  Observational cohort (assess prognosis)

Comment: 
•‘study’ superimposed on practice (Lilly); opportunistic

•an ‘omic’ marker, if available, could have been studied

NEJM 2008;359:1218



Example: diagnosis study design 

‘superimposed’ on practice data

Question:  Diagnosis: can colonoscopy detect CRC

Result: ‘Yield’ of screening in asymptomatic persons

Study design:  Cross-sectional

Comment: 
•‘study’ superimposed on practice; opportunistic

•an ‘omic’ marker, if available, could have been studied

NEJM 2000;343:169



Constructing Chains of Evidence

Questions: 

1. What is your model for data generation or data 

assessment? 

2. Are there any compromises in the data which are 

being generated relative to RCTs? 

3. What are the barriers to making your model a 
routine evidence generation pathway for genomic 
tests?

•Suggestions for future



Suggestions for future

1. Understand that ‘analytic framework’ (to assess impact of 
a test on outcome) provides an established method to 

assess clinical and policy decisions. (USPSTF, EGAPP)

2. In this conceptualization, genetic/genomic information is 

not ‘exceptional’.  

Good news: method/framework available
Bad news: not ‘easy’; has same problems as all

questions of prognosis, prediction/response-to-rx.



Suggestions for future

3. Sources of data/evidence when ‘ideal’ RCT (assess impact 
of test on outcome) are not available:

-banked RCTs may answer ‘part’ of the question

e.g., about prognosis, prediction, side-effects; ?diagnosis
-other sources may be useful; be opportunistic 

e.g., HMOs: cohort data; experience in design (K-P, GH) 

4. Main issue: not data analysis/sharing etc;  rather it’s ‘What 

study design is needed to answer what specific question’; 
then find/get data (and ‘do as rigorously as if ‘prospective 

study.’’)



Suggestions for future

5. Suggested overall approach:
-Do not overly focus on infrastructure, informatics,

data sharing (what 4.10 report suggested), etc.

-Do focus on answering specific questions,
opportunistically (in ‘easy’ settings, when possible).

Learn how to design strong research study (e.g.
OncoTypeDx; other) in different settings; then

scale up.
-what other sources besides RCTs

-what about problems besides 

progn/predic.



end


