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Superiority, Equivalence, and Non-Inferiority Trials

Emmanuel Lesaffre, Dr.Sc.

Abstract

When the aim of the randomized controlled trial (RCT) is to
show that one treatment is superior to another, a statistical
test is employed and the trial (test) is called a superior-
ity trial (test). Often a nonsigni cant superiority test is
wrongly interpreted as proof of no difference between the
two treatments. Proving that two treatments are equal in
performance is impossible with statistical tools; at most, one
can show that they are equivalent. In an equivalence trial,
the statistical test aims at showing that two treatments are
not too different in characteristics, where not too different
is de ned in a clinical manner. Finally, in a non-inferiority
trial, the aim is to show that an experimental treatment is
not (much) worse than a standard treatment. In this report,
the three types of trials are compared, but the main focus is
on the non-inferiority trial. Special attention is paid to the
practical implications when setting up a non-inferiority trial.
Illustrations are taken from a clinical trial in osteoarthritis
and from thrombolytic research.

hen the aim of the study is to show that an ex-
Wperimental (E) treatment is superior to a control

(C) treatment, the RCT is called a superiority trial
and the associated statistical test is a superiority test. With a
signi cant result, one concludes in a superiority trial that E
is different in effect from C, and when the observed result is
in favor of E, we conclude that E is statistically, signi cantly
better performing than C. However, in the case of a nonsig-
ni cant result, one cannot claim a better performance of E
over C, but neither can one claim that E is equally as good as
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C. In fact, when E and C are not identical treatments, there
will be always some small difference in effects, and for each
small true difference (0), one can establish a sample size
such that, with high probability, the null hypothesis (H,) of
equal effect is rejected.! Unfortunately, often a nonsigni cant
result is wrongly interpreted as absence of evidence.

Relative to the development of medical treatments, it is
becoming increasingly dif cult to develop more powerful
drugs, hence the pharmaceutical companies are looking for
new treatments that have approximate the same ef cacy
but demonstrate better quality in other aspects. This trend
stimulated the development of RCTSs that aim to show that an
experimental treatment is not (much) inferior to the control
treatment. Such trials are called non-inferiority trials.

In this report, | will endeavor to contrast the basic
philosophy of superiority, equivalence, and non-inferior-
ity trials. Further, | will illustrate the practical problems
pertaining to setting up and conducting a non-inferiority
trial. The concepts will be introduced viaa ctive example
with thrombolytic drugs, but some illustrations will also
be taken from Bingham and colleagues, who performed an
osteoarthritis treatment study.? Lesaffre! used primarily the

rst part of the two studies comparing etoricoxib 30 mg
qd (ET) and celecoxib 200 mg qd (CE) to placebo (PL).
In the second part of the trial, two studies were conducted
to compare the relative performance of ET and CE with a
non-inferiority design. The non-inferiority part of the study
will be discussed in greater detail in this paper. For further
details on the study, the reader is referred to Lesaffre! and
the original report.2

Superiority Trial

Examples involving the treatment of acute myocardial
infarction (MI) patients with thrombolytic drugs are taken
predominantly from the area of expertise of the current in-
vestigator. In this therapeutic domain, non-inferiority trial
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