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Introduction 

The successive failure of a number of clinical trials of experimental agents in sepsis 
or septic shock is now an all too familiar theme, and one which has generated much 
discussion. Many investigators have given considerable thought to possible explana
tions, including incorrect reasoning (i.e., poor basic science), ineffective drugs, and 
poor trial design. One aspect is the question of endpoints, and the use of 28-day 
mortality as the "gold standard" of success or failure of a new drug. Many have ques
tioned the wisdom of this approach, arguing that death is too blunt a tool, and that 
we may be missing potentially useful therapies by demanding too much efficacy, too 
soon. The way to avoid this problem, they say, is to accept surrogate markers as valid 
endpoints, i.e., to find a more amenable measurement than death. In this paper, I will 
discuss some of the issues raised by this proposal, and show some of the advantages, 
and disadvantages, that it might offer. 

What They Are - and What They Are Not 

A "surrogate" is a replacement, or substitute for something else, and in the setting of 
clinical trials, it is used to mean (usually) a biological measurement that reflects the 
effect of an intervention. Here is a useful definition [1]: " ... a surrogate endpoint of 
a clinical trial is a laboratory measurement or a physical sign used as a substitute for 
a clinically meaningful endpoint that measures directly how a patient feels, func
tions or survives. Changes induced by a therapy on a surrogate endpoint are expect
ed to reflect changes in a clinically meaningful endpoint:' 

For instance, we can use the plasma glucose to see how good an anti-diabetic 
therapy is, or the blood pressure to evaluate an anti-hypertensive drug. It is also 
important to have a clear understanding of what is meant by clinical efficacy, which 
has been defined as something which "unequivocally reflects tangible benefit to the 
patient" [2]. Thus, to be potentially useful, surrogate markers should: 
1) Be a measure of a biological effect (because these are most likely to reflect an 

important - and therefore meaningful- process) 
2) Be of sufficient magnitude to be measured easily. Clearly, it is not much help if 

the assay is working at the very limit of its sensitivity. Furthermore, it is advan
tageous if the parameter has a relatively wide range, and ideally, a steep dose
response curve, all factors which will help with the precision of the test. 
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3) Occcur relatively early in the disease process, so as to provide the maximum 
benefit from the information. 

A key distinction is between a correlate and a surrogate; they are not the same thing. 
One of the most familiar examples is in the field of anti-human immunodeficiency 
virus (HIV) therapy. It was learnt some years ago that a falling CD4 count was 
correlated with advancing disease and an increased risk of the symptomatic compli
cations of acquired immune deficiency syndrome (AIDS), but it does not follow that 
if a treatment induces changes in the CD4 count that this will necessarily predict 
better treatment-related outcomes. In fact, we now know that the CD4 count is not a 
very satisfactory surrogate marker of the effects of nucleoside analogs, for instance, 
and we use viral load measurements instead (although some have argued that they 
too have their limitations [3)). 

Surrogate markers are also not the same as scores, such as the APACHE score. 
These scores are in general designed to evaluate risk, i.e., the likelihood that a given 
patient will suffer a specific outcome, such as acute respiratory distress syndrome 
(ARDS) or death, and they are calculated at a particular point in time, usually when 
the patient first presents to the hospital, or is admitted to the intensive care unit 
(lCU). They can be used to compare observed and expected mortality between two 
groups in a therapeutic trial, but here they are acting as comparators of risk, not 
surrogate markers. 

More recently, several investigators have been developing the idea of "organ fail
ure scores", in which numerical values are used to quantify the extent of organ dys
function [4]. A variation on this is the concept of "failure free days" to designate 
the ability of the investigational drug to reduce morbidity due to organ dysfunction 
(personal communication). It is possible to argue that these scores could be used as 
alternatives to death as the endpoint of a clinical trial, but that is not the same as a 
surrogate marker of death. Indeed, it does not necessarily follow that a reduction in 
morbidity because of fewer (or less severe) organ failures is necessarily associated 
with a reduction in mortality. 

Limitations of Surrogate Markers 

As de Gruttola et al. [3] have pointed out, surrogate markers work best when the 
pathogenesis of the disease is well understood. They cite the example of bacterial 
endocarditis, in which the attainment of negative blood cultures is an important 
and useful surrogate marker of the efficacy of the antibiotic treatment. However, this 
also provides a useful illustration of one of the limitations of surrogate markers, that 
is, that they can only ever reflect a proportion of the total treatment effect. For 
instance, negative blood cultures give us no information about the residual damage 
to the heart valves, or about drug toxicity. In fact, it is possible to derive equations 
which show the extent to which changes in the surrogate marker accurately re
present changes in the endpoint of interest (e.g., in-patient survival). Worryingly, 
apparently beneficial changes in the surrogate can conceal unanticipated harmful 
effects on unrelated mechanisms of death [3], and great care must be taken to 
remain alert to this possibility, particularly when testing novel agents with complex 
mechanisms of action. 



Is There a Role for Surrogate Markers in the Evaluation of Sepsis Trials? 259 

Why do we need them? 

As noted above, the current gold standard for trials examining the efficacy of novel 
agents in sepsis is a significant reduction in all-cause 28-day mortality. There is 
of course an important debate which needs to be resolved around the issue of what 
is meant by "significant", and the distinction between biological relevance and sta
tistical significance (without mentioning the important philosophical and ethical 
issues here). N€~vertheless, for the time being let us simply consider the validity of 
death as an endpoint. It has much to commend it: 
1) It is easy to diagnose. 
2) It is unambiguous (life "unequivocally reflects tangible benefit to the patient", 

to re-state the definition above [2]). 

However, for all its apparent simplicity, there are problems. 
1) It is a discrete (rather than continuous) variable, so with an intervention of even 

modest ben€~fit there will usually need to be a relatively large number of observa
tions to show a difference. 

2) It is a non-specific endpoint, in that it does not reflect a specific mechanism of 
action. 

3) It has many causes, and therefore poor sensitivity (in essence, the old problem of 
"attributable mortality"). 

4) Its definition is imprecise: Do we mean time to death, deaths within a certain 
period (3 days, 7 days, 28 days, longer?); deaths while on the ICU, deaths before 
hospital discharge? And how do we deal with the question of withdrawal of life
support? 

Some familiar €~xamples illustrate the problems. The NORASEPT I study of mono
clonal anti-tumor necrosis factor (TNF) antibody, for instance, found a statistically 
significant reduction in 3-day and 7-day mortality between placebo and the treat
ment arms, but this difference was not seen at 28 days, the prospectively defined 
endpoint [5). However, these findings were not reproduced by a parallel study with 
the same antibody, INTERSEPT [6), and a third study, NORASEPT II, failed to show 
any benefit at all (personal communication). 

On the other hand, the requirement of a significant reduction in 28-day mortality 
could conceal a potentially important biological effect, especially if (as many people 
feel) we will ultimately need to use combination therapy. Consider the theoretical 
situation where a drug A has a significant survival advantage over the first 3 days, 
but the final effect on mortality is not significant (Fig. 1). Now consider a second 
drug, B, which has a different mode of action from A and acts later, at a different 
stage in the process and on a rather different population to drug A. When B is given 
alone it has no effect, but when the two drugs are used together there is a significant 
survival advantage over 28 days. Clearly, we would never know about this combined 
effect because drug A would have been discarded as yet another failure. 

For these, and other reasons, valid surrogate markers would be an attractive 
option for sepsis studies, in that they may allow us to capture a biologically import
ant effect more easily and without the problems, and perhaps some of the costs, 
associated with trials based on 28-day survival. 
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Surrogate Markers - Some Candidates 

Fig. 1. A Kaplan-Meier plot illustrating 
the survival curves of patients in a sep
sis trial which was studying two ima
ginary drugs, A and B, given alone or in 
combination (A + B), versus placebo 
(P). Drug A has some early survival ad
vantage but that is lost by the endpoint 
(e.g., 28 days) when the survival is not 
different to the placebo group. Drug B 
on its own has no effect. When both 
drugs are used together there is a signi
ficant survival advantage 

Cytokines are obvious candidates for surrogate markers and TNF has been studied 
extensively. Many investigators have examined the correlation between TNF levels 
and outcome, and in some circumstances (e.g., meningococcal disease [7]) this is 
quite strong. Furthermore, there may be correlates between TNF and relevant biolo
gical markers: For instance, my colleagues and I have had the opportunity to exami
ne a very large cohort of samples in relation to the INTERSEPT study [8], and we fo
und that TNF levels correlated well with the duration and severity of shock, and with 
serum lactate. However, there is no evidence that TNF can act as a surrogate marker 
for the efficacy of treatment, even an anti-TNF treatment. For instance, in the trial of 
the type II, p75 soluble TNF-receptor fragments there was a statistically significant 
adverse outcome in the high-dose treatment group, based on 28-day all-cause mor
tality [9]. Detailed information about TNF levels is not provided in that manuscript, 
but it is noted that there were no differences in TNF levels between the groups, 
perhaps because of the "stabilizing" effect of the TNF-TNF receptor complex. What
ever the reason, TNF levels were clearly not informative. 

Another cytokine which has been proposed as a surrogate marker is interleu
kin-6 (IL-6). Many studies have documented a correlation between lL-6 levels and 
outcome, but of particular interest was a report by Reinhart et al. [10] that the lL-6 
level at trial entry could predict the response to MAK 195F, an anti-TNF antibody 
fragment which they had studied. In a phase II study, 122 patients received placebo 
or one of several doses of the antibody. There were no significant differences in 
outcome between the groups, but in a retrospective analysis they found that patients 
with an lL-6level > 1000 pg/mL at trial entry appeared to benefit from MAK 195F 
in a dose dependent fashion [10]. Furthermore, lL-6 levels decreased during the first 
24 hours in the anti-TNF treated groups but not in the placebo group. Based on this 
experience, these investigators proceeded to a phase III trial to test the hypothesis 
prospectively, but unfortunately the trial proved unsuccessful and an lL-6 level of 
1000 pg/mL did not prove to be a helpful predictor of outcome (personal communi
cation). 

Several other cytokines have been studied but they show no particular advantage. 
For instance, levels of both lL-l receptor antagonist (IL-lra) and lL-lO are elevated 
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in patients at risk of ARDS, but in neither case does measurement of the levels help 
in predicting which patients will actually develop the disease [11]. Pro calcitonin has 
recently been the subject of considerable interest as a possible marker of sepsis; it 
seems to be a good means of detecting infection (as opposed to other causes of 
inflammation) [12] but at present there is no evidence that it can be used as a mar
ker of treatment responses in sepsis. E-selectin levels are rather more interesting 
because, at least in one report, there was a correlation between elevated levels and 
hemodynamic status [13], but once again, we have no evidence that changes in E
selectin levels can be used to measure treatment effect. 

Finally, what of endotoxin levels? Endotoxin has some attraction as a potenti
ally useful marker: It is clearly related to the disease process; it is a bacterial, rather 
than a host product; and there are data that show endotoxin levels correlate 
with hemodynamic changes and outcome [14]. However the drawbacks are obvious: 
Plasma endotoxin measurements are difficult and expensive to do; and there are 
wide inter- and intra-assay variations. Finally, this approach is probably restrict
ed to Gram negative infections, or at the very least, to interventions specifically 
targeted at endotoxin, either being designed to prevent its entry from the gut 
or to neutralize it in the circulation. For the moment at least, it is not a feasible 
option. 

Conclusion 

Death has many disadvantages as an endpoint for clinical trials, and by insisting on 
demonstrating a survival benefit in 28-day all-cause mortality we may be needlessly 
hampering our ability to find a new approach to the treatment of a serious disease 
with a high mortality. For these reasons, surrogate markers might offer significant 
advantages. However, as I have shown in this paper, surrogate markers have limita
tions: They only reflect a proportion of the treatment effect, and they may conceal 
important adverse events. Although there are many markers which correlate with 
outcome measures in sepsis, there are none which have yet been shown to be good 
surrogates. That is not to say that other endpoints should not be considered: Vari
ables such as reversal of shock; number of organ failures, ventilator-free days etc.; 
may all be suitable measures of outcome. For the moment, however, a true surrogate 
marker for use in sepsis studies, analogous to viral load measurements in anti-HIV 
trials, remains elusive. 
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