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Drug(s) Surrogate end point Hard end point Reference

Encainide, flecainide ↓ Premature depolarizations ↑ Cardiac death & arrest [1]
Doxazosine ↓ Blood pressure ↑ Heart failure [2]
Estrogen, progestin ↓ Cholesterol ↑ Stroke, dementia, breast cancer [3]
Torcetrapib ↓ Cholesterol ↑ Mortality [4]
Nesiritide ↓ Wedge pressure, dyspnoea ↑ Mortality [5]
Fluoride ↑ Bone mineral density ↑ Nonvertebral fractures [6]
Rosiglitazone ↓ S-HbA1c ↑ Myocardial infarction [7]
Intensive treatment in Diabetes type 2 ↓ S-HbA1c < 6% ↑ Mortality [8]
Milrinone ↑ Cardiac contractility ↑ Mortality [9]
Ibopamine ↑ Cardiac contractility ↑ Mortality [10]
Epoprostenol ↑ Cardiac contractility ↑ Mortality [11]
Tolbutamide, phenformin ↓ Blood glucose ↑ Mortality [12]
Erythropoietin ↑ Hemoglobin in chronic renal failure ↑ Mortality [13]
Aprotinin ↓ Blood loss in cardiac surgery ↑ Mortality [14]
Metoprolol ↓ Perioperative ischaemia ↑ Mortality [15]
Clofibrate ↓ Cholesterol ↑ Mortality [16]

Table 1: The table

1 Introduction
In randomised controlled trials (RCT) of prophylactic medical interventions,
outcomes may either be the disease itself (eg stroke) or some substitute mea-
sure thought to be associated with the disease (eg high cholesterol). Such in-
termediate measures are known as surrogate end points1. Here is a definition
of a surrogate end point:

A laboratory measurement or a physical sign used as a substitute for a
clinically meaningful end point that measures directly how a patient feels,
functions or survives [17] (quoted in [18]).

2 Benefits of surrogate end points
Clinically meaningful end points (“hard outcomes”) are often very time con-
suming and expensive to study. In a stroke prevention RCT, for example, re-
searchers may have to recruit 10,000 participants and wait 5 years for the re-
sults. In comparison, surrogate end points are much faster and easier to study:
for an RCT on a cholesterol lowering drug it may suffice with a few hundred
patients for a few months. Surrogate end points are therefore much cheaper
than hard outcomes.

3 Problems with surrogate end points
On the other hand, surrogate end points may be misleading when they do not
translate into clinically important outcomes, or when the clinical outcome is
opposite to what was expected. The latter was the case with type-I antiarry-
thmics in patients who had heart rythm disturbances after myocardial infarc-
tion. Among these patients, it had been shown that the antiarrythmic drugs
encainide and flecainide decreased electrocardiographic (ECG) instances of
arrythmia (the surrogate end point), which was one of the reasons for their
use. When tested in an RCT, however, patients who took encainide and fle-
cainide turned out to be more than two times more likely to die from cardiac
arrest or other causes than those randomised to placebo [1]. In effect, the drugs
improved ECG looks but killed people.

3.1 Use in clinical practice
Because of this and many other examples of failed surrogate end points, it is
not advisable to start therapy based on such results only. This is, nevertheless,
often done in clinical practice [19]. Part of the problem is that the surrogate
end point is not seldom confused with the disease itself, rather than being more
properly identified as a risk factor for it. This is further complicated by the fact
that such mixing of the concepts is at times warranted – some surrogate end
points may indeed be both part of the disease and a risk factor for it. Blood
glucose, for example, is a surrogate end point as regards late complications of
diabetes (eg myocardial infarction), but at the same time high blood glucose in
itself may cause a number of symptoms such as tiredness and increased thirst.

3.2 Use in advertisements
Where hard outcome data is not available, pharmaceutical companies often
use surrogate end points in their marketing. An example is Figure 1, where an
antidiabetic drug (sitagliptin) is recommended on the grounds that it, among
other things, “enhances incretins” and “enhances physiological glucose con-
trol”. Such enhancements may of course be of benefit, or they may not: no-one
knows as there is as yet no data on the effect, if any, of sitagliptin on mortality
or diabetic complications [20].

1Synonymous terms are “surrogate outcome measures” and “surrogate variables”.

Figure 1: An ad for sitagliptin (Januvia)

4 A collection of failed surrogate end points
For reasons outlined above, it would be useful to have a collection of exam-
ples to illustrate the dangers of relying too much on surrogate end points. A
request for input was therefore made to members of the Healthy Skepticism
mail list. There was some debate about the purpose and scope of such a col-
lection: should surrogate end points with no proven positive clinical outcomes
qualify, or should the list be restricted to cases with proven negative outcomes?
In the end, the latter option was chosen as it was felt to be more attention grab-
bing (and thus better for teaching), and as it made for a much shorter list. The
result is shown in Table 1.

4.1 Choice of examples
Many examples were suggested, 16 of which are included in the present ver-
sion of the table. Inclusion was based on recommendations and assessment
of references. No formal inclusion criteria were used. The table necessarily
simplifies complex issues and many of the more recent examples are very con-
troversial as to what effect they should have on medical practice. If the table is
to be used in teaching or debates, the presenter should be aware of such issues.

4.2 Future development + contributors
This is a work in progress which needs to be extended, modified and updated.
Hopefully, those who have already contributed will continue to do so, as will
others who take an interest in the matter. So far, the following people have
offered assistance: Peter Davoren, Mark McConnell, Ralph Faggotter, Joseph
Ross, Joel Lexchin, Philip Clarke, Tom Perry, Tim McCulloch, Jerome Hoff-
man, David Egilman, Jim Dickinson, Dinesh Mehta, Adriane Fugh-Berman
and Marilyn Mann. Thanks!
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