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Outline

• Type of Endpoints
• Use of Surrogate Endpoints
• Evaluating a potential surrogate endpoint

Acknowledgement: Thanks to Dr. Thomas 
Fleming for the use of some slides
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Types of Endpoints
• Clinical Benefit Endpoint

– …a direct measure of how a patient “functions, 
feels or survives”…Robert Temple, FDA

• Surrogate Endpoint
– "a biomarker intended to substitute for a clinical 

endpoint" - NIH
• A Correlate

– A post-baseline measurement that is prognostic of 
clinical outcome
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Uses of Surrogate endpoints

• Analyses on surrogate endpoints can be used 
to
– draw conclusions of effects on a clinical benefit 

endpoint
– reasonably likely predict clinical benefit
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Property of a Surrogate

• Effect of the Intervention 
on the Clinical Endpoint

is reliably predicted by the

Effect of the Intervention 
on the Surrogate Endpoint

Fleming and DeMets (1996)
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Support for surrogates

Temple 1999 JAMA
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Evaluating a marker for a surrogate 
endpoint

• Understanding of the disease process
– Is the marker on a pathway towards (meaningful) 

benefit
• Results from many randomized trials

– Do treatment effects on the marker correspond to 
treatment effects on the clinical benefit endpoint
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Biomarker not in Causal Pathway of 
Disease Process

Biomarker Clinical Endpoint
(e.g., CD4) (e.g.,Mother-to-Child

Trans of HIV)
Causal Pathway

(e.g., HIV Viral Load)

Disease
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Intervention affects one of multiple 
pathways

Biomarker T
Endpoint 

Intervention

Disease …

rue Clinical
Outcome

Large effects on the biomarker may correspond with small effects on 
clinical outcome
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Interventions having Mechanisms of Action 
Independent of the Disease Process

Biomarker               True Clinical
Endpoint EndpointDisease

Intervention

Off target effects have a detrimental impact on clinical outcome
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Prentice’s Criteria 

• To be a direct substitute for a clinical benefit 
endpoint on inferences of superiority and 
inferiority
– The surrogate endpoint must be correlated at a 

patient-level with the clinical outcome 
(independent of treatment)

– The surrogate endpoint must fully capture the net 
effect of treatment on the clinical outcome

• Model for clinical outcome: treatment parameter = 0 
when adjusting by the surrogate endpoint
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Prentice’s Criteria

• Model for clinical outcome: treatment 
parameter = 0 when adjusting by the surrogate 
endpoint
– Needs to be shown; not failing to disprove
– Minimally need a high-level confidence that the 

true value of the treatment parameter is close to 
zero 

– Different consequences for whether the true 
parameter is positive or negative
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Assessing the reliability of a 
surrogate endpoint

• Determine the pattern relating observed effects 
on the surrogate endpoint to observed effects 
on the clinical benefit endpoint

• Assess the amount of deviation from that 
pattern
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Colorectal Adj.:  Hazard Ratios for DFS vs. Overall Survival

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

Disease Free Survival Hazard Ratio

O
ve

ra
ll 

Su
rv

iv
al

 H
az

ar
d 

R
at

io



15

Landmark analyses

• Potential Surrogate evaluated at a landmark
– Chosen landmark picks up effects of therapy

• How does the  use of the potential surrogate at 
the chosen landmark predict the final analysis 
of the clinical endpoint relative to other 
comparisons?
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