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Statistical evaluation of surrogate markers:
Validity, efficiency, and sensitivity

Yongming Qu

Identification of surrogate markers for a marketed drug is important in monitoring

the efficacy or safety after a patient uses the drug. In this article, we clarify the statis-

tical definitions of the surrogate endpoint and surrogate marker and introduce the

concept of the validity and efficiency of a surrogate marker. We also review some

existing methods and suggest the proportion of information gain is appropriate to

be used to evaluate the validity of a surrogate marker. Clinical Trials 2013; 0: 1–3.

http://ctj.sagepub.com

Introduction

A biomarker is in general a substance used as an
indicator of a biological state. It is ‘a characteristic
that is objectively measured and evaluated as an
indicator of normal biological processes, pathogenic
processes, or pharmacologic responses to a thera-
peutic intervention’ [1]. A surrogate endpoint was
defined by Temple [2] as

a laboratory measurement or a physical sign used as a
substitute for a clinically meaningful endpoint that
measures directly how a patient feels, functions, or ser-
vices. Changes induced by a therapy on a surrogate
endpoint are expected to reflect changes in a clinically
meaningful endpoint.

Surrogate endpoint has sometimes been used
interchangeably with surrogate marker in scientific
literature. However, Qu [3] proposed new
statistical definitions of surrogate marker and surrogate
endpoint.

Surrogate marker and surrogate
endpoint

A marker is said to be a surrogate marker of the clini-
cal outcome for a treatment if the following condi-
tions (1) and (2) hold for this treatment

f T jZð Þ 6¼ f Tð Þ ð1Þ

and

f T jS,Zð Þ= f T jSð Þ ð2Þ

where T is the clinical outcome, S is the surrogate
endpoint, Z is the treatment indicator, and f T jZð Þ,
f T jS,Zð Þ, f T jSð Þ, and f(T) are conditional and uncon-
ditional distributions of T. The conditions (1) and
(2) were a subset of criteria for surrogate endpoint by
Prentice [4].

A marker is said to be a surrogate endpoint of the
clinical outcome T if the marker is a surrogate mar-
ker for any efficacious treatment. In other words, a
surrogate marker is said to be a surrogate endpoint if
it is a surrogate marker of all possible (currently
available and future) treatments. The key difference
between the two concepts is that surrogate endpoint
requires condition (2) to hold for all treatments,
while surrogate marker only requires condition (2)
to hold for a particular treatment. Surrogate end-
point is independent of the drug treatment, while
surrogate marker is drug specific. A surrogate marker
that has been validated for one drug may not be a
surrogate marker for another drug, even though the
two drugs treat the same disease. Therefore, the sur-
rogate marker cannot be used to replace the clinical
outcome for new drug development before it is
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validated through large clinical studies for this new
drug. While a valid surrogate endpoint can be used
to replace the clinical outcome in Phase 3 studies, a
surrogate marker is very useful in predicting the
treatment effect on the clinical outcome for indivi-
dual subjects after the drug is approved by regulatory
agents. Figure 1 shows the relationship between bio-
marker, surrogate marker, and surrogate endpoint.

From the above definitions, one can invalidate a
surrogate endpoint if one finds condition (2) is vio-
lated for one treatment, but it is not possible to vali-
date a surrogate endpoint based on the definition.
The surrogate endpoint should be validated from
the disease mechanisms and pathways without the
involvement of the treatment variable because it
needs to address the key question: ‘Is there any
other marker that also affects the clinical outcome?’
Many researchers have ignored this fact and have
attempted to validate surrogate endpoints using sta-
tistical models involving the treatment effect. How-
ever, the surrogate marker for a particular treatment
can be validated statistically from large clinical stu-
dies. We will only focus the discussion on the surro-
gate marker in the rest of the article. The
relationship between treatment, surrogate marker,
and clinical outcome is illustrated in Figure 2.

Validity, efficiency, and sensitivity of
biomarkers

We now introduce the concepts of validity and effi-
ciency of a surrogate marker. A surrogate marker S is
valid if conditions (1) and (2) hold. A key to validate
a surrogate maker is to verify condition (2). In
addition, if we have two valid surrogate markers S1
and S2, we say S1 is more efficient than S2 if

Var T jS1½ �\Var T jS2½ �

Almost all existing statistical methods in evaluat-
ing ‘surrogate endpoints’ involve the treatment
effect in the model. Therefore, these methods

actually try to evaluate surrogate markers. Among
numerous publications, the methods for evaluating
surrogate markers can be classified into three cate-
gories: methods based on the proportion of treat-
ment effect (PTE) by the marker [5], methods based
on the general association [6], and the proportion of
information gain (PIG) based on the information
theory [7]. Both PTE and PIG intend to verify the
validity of a surrogate marker, while Buyse and
Molenberghs’ [6] general association is related to
the efficiency of a surrogate marker. Compared to
PTE, PIG has more advantages, such as less variabil-
ity and not bounded by [0, 1]. The efficiency of a
surrogate marker is meaningful only when one com-
pares two valid markers.

Even with the same evaluation quantity, such as
PIG, different ways of modeling the relationship
between the clinical outcome and markers can
result in dramatically different values of PIG. There-
fore, one should be careful in selecting the statistical
models. Li and Qu [8] studied the effect of measure-
ment errors on the evaluation of surrogate markers.
Without considering the measurement, the calcu-
lated PIG value can be attenuated. Li et al. [9] exam-
ined three different ways of using markers in
calculating PIG: including the actual value for the
marker (Model A), including the change in the mar-
ker only (Model B), and including both the change
and the baseline value of the marker in the model
(Model C). Theory and simulation showed Model C
always performs the best.
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Figure 1. Illustration of the relationship between biomarker, sur-
rogate marker, and surrogate endpoint.
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Figure 2. Relationship between treatment, surrogate marker,
and clinical outcome.
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