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2 Different Questions
• Q1:  Does exposure-related biomarker 

predict cancer? 
• Q2:  Can biomarker be used as surrogate 

end point in studies of EB vs. cancer?

‘Cancer’

• Incidence:  primary prevention

• Recurrence, death  (prognosis):  secondary prevention



Question 1 (Prediction)

Is exposure-related biomarker 
associated with cancer?
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Question 1:  (Prediction)

Why is prediction useful?

Helps answer this question:  Is the marker on 
the causal pathway to cancer?

That is, can help elucidate causal pathways 
for exposure à cancer—i.e., ‘mechanisms’.  



2 Different Questions
• Q1:  Does exposure-related biomarker 

predict cancer? 
• Q2:  Can biomarker be used as surrogate 

end point in studies of EB vs. cancer?



Surrogate End Points
• Studies with surrogate end points can be 

smaller, faster, and cheaper than those 
with cancer outcomes

• Holds for both 
– intervention studies (trials)
– observational epidemiologic studies



What Is ‘Validation’/’Qualification’ of 
Intermediate End Point Biomarkers 

• Q1:  the biomarker is truly on the causal 
pathway(s) to cancer

• Q2:  the study of exposure vs. surrogate 
end point gives the right answer for 
exposure vs. cancer (a tougher 
requirement!)





Surrogate Validity

3 conditions needed for validity:
• Marker associated with cancer

– Relative risk
– Attributable Proportion 

• Exposure/rx associated with marker
• Marker mediates association between 

exposure/rx and cancer 



BMI vs. breast cancer

BMI à estrogensà breast ca



Surrogate Validity
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Estrogen vs. Breast Cancer (RR’s)*
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P<.001 P<.001

*JNCI 2002; 94:606-161



Surrogate Validity
3 conditions needed for validity:
• Marker associated with cancer
• Exposure associated with marker

– RR, % change
• Marker mediates association between 

exposure/rx and cancer 



BMI vs. Estrogen
(geom. mean hormone conc.)*
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P<.001 P<.001
*JNCI 2003; 95:1218-26



Surrogate Validity
3 conditions needed for validity:
• Marker associated with cancer

– Relative risk
– Attributable Proportion = Sensitivity (1-1/RR)

• Exposure/rx associated with marker
– RR, % change

• Marker mediates association between 
exposure/rx and cancer 



BMI and Postmenopausal Breast 
Cancer*

Adjusted for 
free estradiol

RR (95% CI) for BMI 
(increase of 5 kg/m2)

No 1.19 (1.05-1.34)**

Yes 1.02 (0.89-1.17)

*JNCI 2003; 95:1218-26

**Prentice criterion 1





‘Validation’ of Surrogate End Point 
Biomarkers

• Being on the causal pathway does not 
guarantee surrogate end point validity



Normal mucosa + E

Hyperproliferation

Neoplasia/cancer

↓ Apoptosis

↓ Cellular adhesion factors

Alternative pathway is problematic



Proliferation Markers as Surrogate End 
Points for Colorectal Cancer:  Inferences

• Hyperproliferation may give the wrong 
answer about an intervention agent’s 
effect on CRC
– Agent reduces proliferation, reduces 

apoptosis, has no effect on CRC
– Agent has no effect on proliferation, 

increases apoptosis, reduces CRC



‘Validation’ of Surrogate End Point 
Biomarkers

• Being on the causal pathway does not 
guarantee surrogate end point validity

• Having a high AP/EF (meaning all or most 
of cancer goes through biomarker) does 
not guarantee surrogate end point validity





Colorectal Adenomas are Pretty 
Good but not Definitive Surrogates

• Adenoma heterogeneity:  rx affects only   
‘innocent’ adenomas (àfalse positive result) 
or only the few ‘bad adenomas’ (àfalse null 
result)



Colorectal Adenomas are Pretty 
Good but not Definitive Surrogates

• Timing:  in polyp trials, no information on 
early (pre-adenoma) and minimal 
information on late (small to large adenoma/ 
cancer) events



Hematopoietic Cancer

• Benzene – ↓WBC à leukemia
• Permethrinà MGUS à multiple myeloma



Benzene, ↓WBC, Leukemia
• Reduced WBC associated with 

subsequent leukemia among benzene 
workers

• Strong benzene-leukemia evidence
• Regulation based on ↓WBC



Permethrin, MGUS, Multiple Myeloma

• All MM preceded by MGUS; but not all 
MGUS goes to MM.

• Permethrin-MM connection:  limited data 
• How strong can permethrin-MM 

inferences be based on MGUS?



More on Surrogate Validity
• A surrogate end point valid for one 

exposure or intervention vs. a cancer is 
not necessarily valid for a 2nd exposure or 
intervention

• Why?  Because an alternative pathway to 
cancer may exist
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2-Stage Strategy Not a Lock
• Intervention alters surrogate marker (Stage 1) 

AND  surrogate marker is associated with 
cancer (Stage 2)

• Counter-example?  HRT raises HDL; HDL 
inversely related to CVD; but HRT does not 
protect vs. CVD
– Alternative pathway(s)





3 Sobering Stories (1)
• Avandia (Rosiglitazone)

– Lowered glycated hemoglobin level 
– Increased congestive heart failure and 

cardiovascular ischemia
• Folate and B-vitamins

– Lowered homocysteine
– Did not lower cardiovascular events



3 Sobering Stories (2)
• Torcetrapib*

– Lowered LDL (72%), raised HDL (25%)
– Increased cardiovascular events (25%) and all 

cause mortality (58%)

*torcetrabip plus atorvastatin vs. atorvastatin alone



Surrogates for Prostate Ca Survival (1)



Surrogates for Prostate Ca Survival (2)

• Potential surrogates:
– Distant metastasis
– ‘General clinical treatment failure’

• Conclusion:  these end points may be 
candidate surrogates for prostate cancer-
specific survival at 10 years



Surrogates for Prostate Ca Survival (3)

• BUT—it is possible that a treatment effect 
on metastasis/rx failure does not have 
equivalent effect on prostate survival:
– Rx improves surrogate end points but not 

survival (b/o some alternative adverse effect 
on mortality)

– Rx has no impact on surrogates but improves 
survival (b/o some alternative beneficial effect 
on mortality)

~Prentice RL.  JNCI 2009;101:216-7



Statistical Considerations:  Error in 
Measurement of Biomarkers 

• Measurement error will attenuate associations
– Exposure/rx vs. marker
– Marker vs. cancer

• Measurement error can lead to underestimation:
– Predictive ability of biomarker
– Extent to which surrogate mediates the effect of exposure, 

rx on survival



Surrogate End Point 
Validity/Qualification:

Summary (1)
• Totality of causal connections is key 
• High AP  is supportive but not definitive 

(b/o heterogeneity, timing issues)



Surrogate End Point 
Validity/Qualification:

Summary (2)
• Mediation of exposure-cancer relation 

supports validity of surrogacy
• Validity is more assured for surrogates both 

necessary for and relatively close 
developmentally to cancer (e.g., CIN3)



Surrogate End Point 
Validity/Qualification:

Summary (3)
• Advances in validating/qualifying potential 

surrogate endpoints may come from:
– Meta-analytic approaches (esp. given large 

sample sizes required for evaluating mediation)
– ‘Omics’ data (transcriptomics, proteomics, 

metabolomics):  potentially comprehensive 
characterization of multiple pathways 





Irony of Surrogate Validation 

Large, long, costly studies needed for 
evaluation are precisely the studies 
surrogates were designed to replace.



Surrogate End Points in Cancer Prevention 
Research:  The ‘No Free Lunch’ Law*

Inferential certainty is directly 
associated with study cost.

*or, you get what you pay for



Intermediate Biomarkers in Cancer 
Research:  Conclusion (1)

• May be valuable in prediction—can help 
clarify causal pathways 



Intermediate Biomarkers in Cancer 
Research:  Conclusion (2)

• As surrogate end points
– May be valuable in Phase II studies (those 

seeking a biologic effect) or observational 
(‘mechanism’) studies



Biomarkers in Cancer Research:  
Conclusion (3)

• The ‘savings’ resulting from use of 
surrogate end points comes at the cost of 
inferential certainty-- there’s no free lunch

• In conjunction with other studies (polyp 
trials + cohort studies of CRC), may 
enhance ‘probability of being right’



Biomarkers in Cancer Research:  
Conclusion (5)

• Replacing explicit cancer end points in 
Phase III clinical trials and observational 
studies is risky business



Biomarkers in Cancer Research:  
Conclusion (6)

• As informative as intermediate end point studies 
can be,  we must not lose sight of the critical 
importance of observational epidemiologic  
studies and RCTs with incident cancer (or 
recurrence/mortality) end points.
– (And part of that ‘importance’ is evaluating the role of potential 

surrogate end points.)




