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Abstract

New technologies have led to the development of an increasing number of targeted therapies and interest in combining these with

conventional therapy to provide individualised patient treatments. New drug or treatment regimens must, however, undergo rigor-

ous testing under strictly controlled conditions before they can be adopted as standard. This can be expensive, time-consuming and

inefficient. Surrogate end-points have been proposed as an alternative, which could be measured earlier or more conveniently than

true end-points. The aim of this paper is to review the definition, advantages, disadvantages and potential pitfalls of biological sur-

rogate end-points in the context of cancer treatment.

� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

With the development of new technologies including

genome sequencing, DNA microarrays, proteomics

and imaging modalities such as positron-emission
tomography (PET), we have a greater understanding

of tumour biology and behaviour. This, in turn, has

led to the development of an increasing number of tar-

geted therapies and interest in combining these with con-

ventional therapy to provide individualised patient

treatments. However, any new drug or treatment regi-

men must undergo rigorous testing under strictly con-

trolled conditions before it can be adopted as
standard. Testing usually takes the form of a series of

phase I, II and III trials, each with well-defined end-

points. In most phase III trials, efficacy over the stan-

dard treatment is proven by showing a statistical
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improvement in an outcome, such as survival or local

control, or a reduction in toxicity, a process which is

both time-consuming, expensive and in some cases inef-

ficient. In order to overcome these problems, it has been

proposed that surrogate end-points, which could be
measured earlier or more conveniently, might be an

alternative to true end-points [1]. In addition, there

has been great interest in developing and incorporating

biomarkers into clinical trials to aid in the selection of

compounds for testing and defining appropriate patient

groups for trials or treatment [2]. The incorporation of

the measurement of biomarkers in prospective trials

might be helpful in determining the mechanism of treat-
ment effect, lack of effect or toxicity. With these points in

mind, a Surrogate End-point Group was established as

part of the European Organisation for Research and

Treatment of Cancer (EORTC) Radiotherapy Transla-

tional Research Group. The aim of this group is to iden-

tify where surrogate end-points might be appropriately

investigated or incorporated into the trials of the Radio-

therapy Group.
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The aim of this paper is to review the definition,

advantages, disadvantages and potential pitfalls of bio-

logical surrogate end-points.
2. What is the definition of a surrogate end-point?

Surrogate literally means �to substitute for� [3]. There-
fore, in the simplest terms a surrogate end-point is a

measurement that can be substituted for a true end-

point to predict either benefit (e.g., survival) or harm

(e.g., late toxicity). However, the lack of consistency in

defining surrogate end-points has led to confusion. Re-

cently, the Biomarkers Definitions Working Group pro-
posed a general definition of a surrogate end-point as a

�biomarker that is intended to substitute for a clinical

end-point and is expected to predict clinical benefit (or

harm or lack of benefit) based on epidemiological, ther-

apeutic, pathophysiological, or other scientific evidence�
[4]. Furthermore, any changes induced in the surrogate

end-point by a treatment must accurately reflect changes

in the true end-point [5].
There should be a clear distinction between surrogate

end-point and surrogate marker. Bentzen et al. [6] dis-

tinguished between a surrogate marker and a surrogate

end-point in the context of late effects of radiotherapy.

They defined a surrogate marker as a biological effect

of treatment that, if it occurs, changes the probability

of an individual developing a late effect, whereas a sur-

rogate end-point does not necessarily predict develop-
ment of an effect at the individual level, but is an

indicator of the toxicity of a treatment at the trial level.

This definition of surrogate marker corresponds more

closely with the definition of a biomarker as a character-

istic that is measured and evaluated as an indicator of

normal processes, pathogenic processes or as a response

to treatment [4]. In fact, it has been proposed that the

term �surrogate marker� be avoided as this suggests that
the substitute is for a �marker�, rather than for a clinical

end-point [4]. Clearly, this is an area which requires fur-

ther clarification.

In 1989, Prentice [7] published an important paper

which set down strict statistical criteria to define surro-

gate end-points. He defined a surrogate end-point as a

response variable for which a test of the null hypothesis

of no relationship to the treatment groups under com-
parison is also a valid test of the corresponding null

hypothesis based on the true end-point. That is, if we re-

ject the null hypothesis that the surrogate end-point is

associated with the treatment, meaning there is an asso-

ciation then there is most likely to be an association with

the true end-point. Furthermore, a surrogate end-point

must fully �capture� the relationship between the treat-

ment and the true end-point. This definition with respect
to evaluation of surrogate end-points is discussed fur-

ther below.
Various biological and clinical phenomena could

potentially serve as surrogate end-points. These include

molecular markers (specific mutations in cancer-related

genes, gene expression products), cellular and nuclear

phenomena (proliferation, apoptosis, DNA ploidy), ser-

um markers (prostate-specific antigen (PSA), carcino-
embryonic antigen (CAE), CA125, b human chorionic

gonadotropin (bHCG), a fetoprotein (aFP), tumour

characteristics detected by (functional) imaging (mag-

netic resonance imaging (MRI), PET) and clinical

assessments (tumour response, time to progression).
3. What is the definition of a true end-point?

A true end-point is any characteristic or variable that

reflects how a patient functions, feels or survives [8]. In

radiotherapy trials, this usually means survival, local

recurrence or development of toxicity. Time is usually

measured from the start of treatment or date of patho-

logical confirmation of disease. End-points such as time

to progression and response (complete, stable or pro-
gression) are not true end-points but ought to be consid-

ered as surrogate end-points. Although, whether in most

circumstances they qualify as such given the definitions

and criteria discussed in this paper is highly disputable.
4. When can a biological surrogate end-point be used as a

substitute for a true end-point?

Prior to evaluation of a potential surrogate end-point

statistically, three criteria need to be satisfied: (i) is the

potential surrogate associated with the true end-point

biologically; (ii) is the treatment associated with the po-

tential surrogate end-point; and (iii) does the potential

surrogate mediate the effect of the treatment on the true

end-point [8]?
To satisfy the first criteria we need to show that there

is good biological evidence or a sound rationale to sup-

pose that the surrogate is associated with the true end-

point. Data to support this are most likely to be obtained

from pre-clinical and animal studies as well as previous

retrospective and epidemiological studies.

To satisfy the second criteria, we must be able to

show that there is some relationship between the surro-
gate end-point and the treatment, that is the treatment

changes the surrogate end-point. This information

might be obtained from previous studies or relatively

smaller studies designed to answer this question.

Finally, we need to show whether the effect of treat-

ment on the true end-point is mediated via the surrogate

end-point. This is important in situations where the ef-

fect of the treatment on the true end-point is mediated
through mechanisms other than the surrogate or where

the effect is mediated through a number of mechanisms
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including the surrogate [9]. In these situations, the surro-

gate may not �capture� the whole beneficial effect of the

treatment or, perhaps more importantly, only capture

the beneficial effects but not the toxic effects. Situations

in which the disease pathogenesis and mechanisms of

action of the treatment are well understood greatly
enhance the likelihood of finding useful surrogate end-

points.

Serum PSA is already widely used as a surrogate end-

point, both for the early detection of prostate cancer and

for evaluation of treatment outcome. There is debate,

however, about the validity of this end-point and the ex-

act nature of its relationship with the true end-points:

occurrence of clinically significant prostate cancer and
cancer-specific mortality, respectively [10]. Due to the

protracted nature of prostate cancer and life expectan-

cies of many years even for patients with overt distant

metastases, there is a strong desire to shorten the time

required to assess the value of new treatments.

It can be readily agreed that the PSA-assay satisfies

the two first criteria. Serum PSA-levels are associated

with the load of PSA-producing tumour cells, which to
a large degree determines the prostate cancer-specific

survival probability. Clinical studies have confirmed this

relationship [11]. Reduction of the tumour burden after

treatment will be reflected in a reduction in the PSA-

level. The effect of treatment on survival is, however,

not mediated by PSA production. This reduces the like-

lihood that the treatment effect is fully captured by the

PSA assay. This is illustrated by the fact that not all
prostate cancers and, maybe more importantly, not all

sub-populations of cells of the same cancer express

PSA equally. In addition, it has been demonstrated that

the association between PSA failure and survival is not

the same for all treatments [10].

It is widely believed that tumour cells treated with

anticancer agents die by apoptosis and that tumours

that do not readily undergo apoptosis are resistant to
treatment. Under this assumption, apoptosis as a mech-

anism of action of the treatment is likely to satisfy the

third criteria and would be of potential interest as a sur-

rogate end-point. However, although apoptosis is caus-

ally related with a true end-point such as local tumour

control, other mechanisms may play a role as well. This

was demonstrated in a study of human cervix tumour

cell lines [12]. Nine tumour cell lines were analysed
which demonstrated different levels of background and

radiation-induced apoptosis. Interestingly, there was a

significant inverse correlation between the level of radi-

ation-induced apoptosis and necrosis, indicating that

cell kill occurs both through apoptosis and through

necrosis and that either of the two can be the dominant

mechanism of action in different tumours. This example

illustrates that, although the true end-point is mediated
via the surrogate end-point, the surrogate does not com-

pletely capture the effect of the treatment.
5. Evaluation of surrogate end-points

Any proposed surrogate end-point that fulfils the

above criteria must be formally evaluated before it can

replace a true end-point in either the clinical or trial sit-

uation [13]. This has been an area of much debate since
the publication of Prentices� criteria in 1989. Several

modifications of the original criteria have been proposed

[13–17], however there is still no consensus [18].

In the criteria set out by Prentice (see above), a per-

fect surrogate would be one where all of the effect of

treatment on the true end-point is mediated through

the surrogate end-point. However, it is more likely that

the treatment works via a number of different mecha-
nisms not all of which are mediated through the surro-

gate [9,18]. Furthermore Prentice�s criteria have been

criticised as being both stringent and difficult to verify

[5]. Therefore, a number of subsequent publications pro-

posed refinements of the original Prentice criteria. One

approach was to use the �proportion explained� (PE)
which describes the proportion of the treatment effect

mediated by the surrogate [16]. In this model, a good
surrogate end-point would be one where PE approached

unity suggesting that most of the effect of the treatment

is mediated through the surrogate. Subsequently, two

further quantities were suggested, the �relative effect�
(RE) and the �adjusted association� (AA) [13]. The rela-

tive effect relates to the ratio of the overall treatment ef-

fect on the true end-point to the effect on the surrogate

end-point. If at the population level the RE is one then it
is said to be a perfect surrogate. The adjusted associa-

tion refers to the association between both end-points

at the individual level after adjusting for the effect of

treatment [13]. Using these parameters, a quantitative

assessment of the value of the surrogate can be provided

in addition to an estimate of the effect of a treatment on

the true end-point given the effect on the surrogate end-

point [13]. For a surrogate to be valid at the trial level,
data from a number of different trials using the same

class of treatment and measuring the same surrogate

end-point must be analysed. If the squared correlation

(R2) of the effect of treatment on the surrogate plotted

against the effect of treatment on the true end-point

for each trial is high then the surrogate is said to be valid

at the trial level [14,15]. A criticism of this approach,

however, is that there is loss of precision using a surro-
gate end-point compared with the true end-point and

uncertainty surrounding comparisons of different treat-

ment regimens that are thought to work by the same

mechanism [17]. An example is the meta-analysis by

Buyse et al. [19] on the relation between tumour re-

sponse (surrogate end-point) to first-line chemotherapy

and survival (true end-point) in advanced colorectal

cancer. Their analysis confirmed that an increase in
tumour response rate translates into an increase in

overall survival. However, there was significant loss of
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Fig. 2. Results of a hypothetical randomised clinical trial of an

experimental (E) versus control (C) treatment. Although there is a

good correlation between the true end-point (T) and surrogate end-

point (S) for both treatments the mean true outcome for the

experimental group is higher than that of the control group. However,

the opposite is true for the surrogate end-point. In this situation, the

use of the surrogate end-point would lead to the opposite (and wrong)

conclusions. Reproduced with permission [20].
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precision. A treatment that lowered the odds of failure

to respond by 50% would be expected to decrease the

odds of death by only 6%. The R2 of the regression line

between the effects of treatment on response and the ef-

fects of treatment on survival was 0.38 (CI: 0.09–0.68)

(Fig. 1). This means that less than half of the variability
in the treatment effects on survival could be explained by

treatment effects on response. In practice, this implies

that knowledge that a treatment has benefits on tumour

response does not allow very accurate prediction of the

ultimate benefit on survival at the individual trial level.

If a surrogate end-point is to be used to compare

treatments, for example in a randomised trial, in each

of the randomisation arms a high correlation is needed
between the effect of the treatments on the surrogate

end-point and on the true end-point. However, simple

correlation within each of the randomisation arms does

not make a valid surrogate end-point. Fig. 2 is a repro-

duction from a publication by Baker and Kramer [20]

graphically illustrating this pitfall. The graph applies

to a hypothetical randomised trial and shows a high cor-

relation between true and surrogate outcomes for a con-
trol group and an experimental group. Despite good

correlations, the slopes of the lines for the two groups

differ. As shown, the mean surrogate outcome in the

control group is higher than the surrogate outcome in

the experimental group. However, because of the differ-

ence in slopes, this is the reverse for the true outcome,

demonstrating that in this situation use of the surrogate

end-point would lead to opposite (and wrong) conclu-
sions. A typical example of this phenomenon was dem-

onstrated in the Radiation Therapy Oncology Group

(RTOG)-study 92-02, which compared short versus

long-term adjuvant androgen deprivation in locally ad-

vanced prostate cancer [21]. This study showed that

the relative risk of prostate cancer related death after
Fig. 1. Treatment effects on survival (log hazard ratio) versus

treatment effects on tumour response (log odds ratio). Each circle

represents a randomised trial of first-line chemotherapy in advanced

colorectal cancer, the area of which is proportional to the number of

observations in the trial. R2 = 0.38. Reproduced with permission [19].
PSA failure was 1.5 times greater after long-term andro-

gen deprivation compared with short-term treatment.

Thus, the validity of PSA as a surrogate end-point is

weakened when it is used to compare the effects of differ-

ent durations of androgen ablation.

In order to estimate RE with good precision, a large
number of observations are needed and multiple studies

required in order to differentiate between individual and

trial level associations [13]. Unfortunately, these are

both situations we are trying to avoid by introducing

the use of a surrogate end-point.

Finally, a surrogate end-point should have a high de-

gree of accuracy reflected by both a high positive and

negative predictive value [6,9].
6. What trials are needed to validate a biological

surrogate end-point?

To validate potential surrogate end-points they

should be integrated into studies with well-defined true

clinical events as the primary end-point. Within these
studies, standards must be set for assessment of the can-

didate surrogate. These include appropriate timing of the

surrogate assay, quality control and standards for inter-

pretation of the results. Also, the size of these studies

must be large enough and follow-up must be sufficiently

long to evaluate the true end-point and to assemble suf-

ficient data to assess performance of the surrogate. To

show a consistent performance, information across a
variety of studies is required. Furthermore, the validity

of a surrogate must be established for every intervention.

As previously shown, the association between the
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surrogate end-point and the true end-point may not be

the same for all treatments. An approach to this problem

is to consider studies of a �class� of biologically compara-

ble interventions [8]. If the surrogate end-point has been

validated for a class of interventions, we can be reason-

ably confident that a new member of that class will show
very similar associations between surrogate and true end-

points. To estimate the potential value of a surrogate for

a certain new intervention in an early stage, it should be

integrated already in the very early pre-clinical and clin-

ical testing of the new therapeutic strategy.

The irony here is that the large and extended studies

required to validate a surrogate end-point are precisely

the type of laborious studies that it was hoped that sur-
rogates would replace.
7. What are the potential advantages of surrogate

end-points?

There are several potential advantages of using surro-

gate end-points in clinical trials. Clinical trials, especially
phase III trials, are often long and expensive. A surrogate

end-point could potentially allow a trial to be completed

earlier and with a reduced number of subjects and, there-

fore, at less cost. Surrogate end-pointsmay also be attrac-

tive in phase II trials to help provide an estimate of the

effect of the new treatment under investigation. This

might allow introduction of beneficial treatments at an

earlier stage or rejection of treatments with no benefit be-
fore embarking on costly and time-consuming phase III

trials [18]. In addition, use of surrogate end-points in early

clinical trialsmay assist to better select patient- or tumour

categories that are most likely to benefit from new treat-

ments. A proper selection of the study population can re-

duce the required sample size in a randomised trial.

Surrogate end-points may also be more conveniently or

more frequently measured [1]. Surrogates may also be
used in a situation where we have competing risks or

the true end-point is complicated by the use of other treat-

ments, a common situation in trials of cancer treatment

[7]. In certain studies, surrogate end-points or biomarkers

might be useful in establishing themechanism of action of

a treatment or provide better understanding of the under-

lying mechanism of the disease process [18]. Finally, sur-

rogate end-points may be used in a broader context, not
only for assessment of the benefits of a treatment but also

as indicators of late toxicity. Proper evaluation of late

morbidity after radiotherapy requires extended follow-

up because of the long latent period and very large patient

numbers because of the low prevalence of severe late ef-

fects. These are exactly the conditions where surrogate

end-points can be of benefit.

An ideal surrogate would also have a long lead-time,
which might allow modification of ongoing treatment or

initiation of alternative treatments [6].
8. What are the potential disadvantages of biological

surrogate end-points?

Unfortunately, despite the recent interest and exten-

sive data on potential surrogate end-points currently

being generated from studies on the molecular biology
and genetics of disease processes and the effect of treat-

ment, very few surrogate end-points have been intro-

duced into routine clinical practice. This reflects the

difficulties associated with using surrogate end-points.

One of the most important problems relates to the com-

plexity of the place of the surrogate end-point in the

relationship between the treatment and the true end-

point. In the ideal situation all of the effect of the treat-
ment on the true end-point would be mediated through

the surrogate. However, this is probably never the situ-

ation [9]. First, the surrogate might not be on the path-

way between the treatment and the true end-point or it

may be on the pathway but insensitive to the effects of

treatment. Second, the treatment effect might be medi-

ated by a number of pathways only one of which in-

cludes the surrogate end-point, which additionally may
play only a minor role in the treatment effect. The treat-

ment might only affect the disease process mediated by

the surrogate marker although there might be other pro-

cesses affecting the true end-point independent of the

treatment. Finally, the treatment might have other ef-

fects independent of the disease process. In any of these

situations, the surrogate end-point is likely to either

underestimate (or in the worse case completely miss)
the effect of the treatment or overestimate any benefit.

As discussed above, a surrogate end-point should to-

tally capture any effect of the treatment. However, it is

unlikely that any one end-point would capture both

the beneficial and harmful effects of treatment. Dis-

ease-related surrogates will generally underestimate

toxic effects and it may well be that a surrogate does

not detect potential side-effects of a treatment which
would render a new treatment unacceptable [22].

Furthermore, as different treatments are likely to

work through different mechanisms and the effect of a

treatment is likely to be different in different malignan-

cies, the applicability of a surrogate end-points from

one situation to another must be considered carefully.

Finally, it is likely that a panel of surrogate end-points

will be required to capture fully the complex nature of
any disease–treatment interaction.
9. Conclusion

The inherent difficulties and expense of large-scale

phase III trials with end-points such as survival or late

toxicity has led to increasing interest in performing trials
with surrogate end-points that potentially offer a

quicker and less expensive solution. However, despite
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the ever-increasing information on potential surrogate

end-points in cancer, very few are in routine clinical

use. This might reflect a number of problems including

the lack of appropriate trials incorporating surrogate

end-points and the uncertainty around the reliability

of surrogate end-points compared with true end-points.
This has been compounded by the failure of a number of

surrogate end-points in non-oncological trials [9,22].

A surrogate end-point is likely to capture only one as-

pect of a treatment effect, which could either under- or

over-estimate potential benefit whilst missing harmful

effects. Due to the complicated nature of cancer–treat-

ment interactions, it is therefore likely that a panel of

surrogate end-points (possibly in the form of multiple
biomarkers) will be required to predict the full effect of

the treatment. Furthermore, in order to validate such

markers, large and usually long studies will be required

and their applicability to different treatment regimens or

cancers will always be an area of uncertainty.

However, despite these problems, research should

continue into surrogate end-points. In the phase II set-

ting they might be useful to determine the best candidate
treatment to go onto large phase III trials [18]. Further-

more, in the context of phase III trials, information

from surrogate end-points might be useful in �strength-
ening� the analysis of the true end-point, the concept

of auxiliary end-points [5] or elucidating the mechanism

of a treatment [9].
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