m
=
=
=
=
=3
(1]
2
(1]
=
==
o
=
N
(@]
—
%
—
=
(S
N
G
(3]
N
~

06YVIOTAr3/¥¥¢¥ 0T *10d

k4

SINDINHIIAL

Timothy John Collier

Tools & Techniques - Statistics: Non-inferiority trials

Department of Medical Statistics, London School of Hygiene and Tropical Medicine, London, United Kingdom

The classic randomised placebo-controlled parallel group trial is
designed to demonstrate the superiority of a new treatment over
an inactive placebo. However, where a proven effective treatment
for the condition being investigated exists, randomising patients to
a placebo can be ethically unacceptable, particularly when deny-
ing the patient an effective treatment could have serious conse-
quences on morbidity or mortality. According to the Declaration
of Helsinki', the effectiveness of a new intervention must be tested
against those of the best current proven interventions. The use of
a placebo is only advocated where no proven intervention currently
exists, or if the patient will not be subject to any risk of serious
or irreversible harm. Similarly, the International Conference on
Harmonization guidance on the choice of control group? states that
where an available treatment is known to prevent serious harm,
such as death or irreversible morbidity in the study population, it is
generally inappropriate to use a placebo.

In such situations a randomised controlled trial (RCT) may still
be designed to demonstrate the superiority of a new treatment over
an active control. However, advances in treatments, improved out-
comes, and the diminishing incremental benefits of new treatments
mean that demonstrating superiority becomes far more difficult,
requiring increasingly large trials.

Consequently, non-inferiority (NI) clinical trials have become
increasingly common over the past 20 years. These are trials in
which the goal is to demonstrate that a new treatment is not less
effective or worse than an active control by more than a pre-speci-
fied margin. Hence, NI trials are one-sided in nature since the con-
cern is only to rule out inferiority beyond a certain amount without
considering whether the new treatment might be more effective.

The choice of the active control treatment is crucial. This should
be the best available proven treatment - typically the “gold stand-
ard” if one exists. Selecting a treatment that is not the best available
or the efficacy of which is unproven or uncertain is both ethically
and scientifically inappropriate. Ideally, there should be a good
body of reliable and consistent placebo-controlled trial evidence
demonstrating superiority so that the efficacy and safety profile of
the control treatment is clearly understood. In order to be able to
draw sound conclusions about the efficacy of the new treatment
compared to placebo, the NI trial should closely follow the design
(particularly in terms of the primary endpoint and patient charac-
teristics) of those trials in which the superiority of the control treat-
ment versus placebo has been demonstrated.

When seeking to demonstrate non-inferiority it is usually assumed
that the new treatment carries some other advantage over the active
control. For example, the new treatment may be cheaper, less inva-
sive, e.g., laparoscopic versus open surgery, or be easier to admin-
ister, e.g., once weekly versus daily injections. The new treatment
might also be more tolerable or have fewer or less serious side
effects, which could lead to improved adherence or greater efficacy
on secondary endpoints. If these benefits are substantial a limited loss
of efficacy may be considered a price worth paying. NI trials can also
involve development of so-called “me too” treatments which simply
add to the number of available treatments for a condition. Although
such treatments may not carry any substantial additional benefits in
terms of efficacy, cost, or safety, they do increase the range of thera-
peutic options from which individual patients might benefit.

NI trials are statistically challenging in terms of design and anal-
ysis. It is important to understand that demonstrating non-infe-
riority is not equivalent to failing to demonstrate superiority in
a standard RCT. In a standard superiority trial the null hypothesis is
that the treatments are equal in effect with the alternative hypoth-
esis that the two treatments are not equal. A statistical test is carried
out and a p-value calculated - the smaller the p-value the greater
the evidence against the null hypothesis. However, large p-values
(large typically meaning values greater than 0.05) should not be
interpreted as proving the null hypothesis. If this was the approach,
the goal of demonstrating non-inferiority could easily be achieved
by carrying out a small (underpowered) trial, or through poor stand-
ards of trial conduct which tends to dilute any treatment differences.

A different statistical approach is required to demonstrate NI. Since
it is impossible to prove the equality of effect of two treatments, the
approach taken in NI trials is to rule out the possibility that the new
treatment is less effective than the comparator by more than a pre-
specified amount — referred to as the margin of non-inferiority (Mn1).
The sample size is chosen so that if the new treatment truly is non-
inferior the upper limit of the 95% confidence interval (CI) for the dif-
ference in treatment effect (Control — New) will be less than MNI. At
the end of the study the treatment difference is calculated and, if the
upper limit of the 95% ClI is less than MNI, non-inferiority is claimed.

Figure 1 shows estimates and 95% Cls for three hypothetical NI
trials. Note that since the goal of NI trials is to rule out inferiority
we are simply interested in the upper limit of the CI. In scenar-
ios 1 and 2, NI can be claimed since the upper limit does exceed

MNI whereas non-inferiority cannot be claimed in scenario 3, since
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Figure 1. Three possible scenarios for results from a non-inferiority
trial.

the upper limit extends beyond Mn1. In the DUTCH PEERS trial®,
which compared two third-generation drug-eluting stents, the mar-
gin of non-inferiority was set at 3.6%. The absolute risk difference
was 0.88% (slightly favouring the active control), with the upper
limit of the one-sided 95% CI being 2.69%. This corresponds to
scenario 2 in Figure 1.

The decision on the value of MNI is perhaps the most critical issue
in an NI trial and should involve careful clinical and statistical judge-
ment taking into account a number of important factors. Choosing
too narrow a margin can result in unfeasibly large trials and truly non-
inferior treatments being missed, whereas a wide margin can allow
treatments that are no better than a placebo to enter clinical prac-
tice. Critically, there needs to be a reliable and precise measure of
the efficacy of the active control versus placebo (ECP). This could be
estimated by means of a meta-analysis of the results from historical
RCTs involving the control. The value of MNI involves judgement
as to the maximum clinically acceptable loss of ECP; certainly MNI
should be considerably smaller than ECP so that demonstrating non-
inferiority infers a minimum efficacy of the new treatment compared
to placebo. Consideration should also be given to the nature and fre-
quency of the primary endpoint. The more serious and more frequent
the endpoint, the more stringent MNI should be. The nature and scale
of any potential benefits of the new treatment should also be con-
sidered. Where a new treatment carries major benefits, e.g., reduced
cost, less invasive, lower risk, fewer or less serious side effects, then
there can be greater flexibility in the choice of MNI. If the new treat-
ment is simply a “me too” intervention then MNI should typically be
small compared to ECP.

As the choice of MNI will usually be smaller than the clinically
relevant difference used in a placebo-controlled superiority trial, NI
trials tend to require larger sample sizes. For a given event rate, the
smaller the value of MNI the greater the sample size required. It is
important that the choice of the margin should be clearly reported
as part of the sample size calculations.

Maintaining a high quality of study design and conduct is of great
importance in ensuring the scientific validity of a NI trial. Factors
such as poor blinding, low adherence, losses to follow-up and mis-
classification of endpoints tend to make two treatments appear

Non-inferiority trials

more similar. In a superiority trial such things generally bias results
towards the null hypothesis and are therefore conservative — the
result may be that effective treatments are missed. However, the
opposite is true for NI trials. Poor quality produces bias towards
the alternative hypothesis, and therefore increases the probability of
demonstrating non-inferiority — the result may be that ineffective or
even harmful treatments enter into clinical practice. Therefore, there
must be an even greater emphasis on rigorous methods in NI trials.

Finally, it is important that the methods and results of NI trials
are clearly reported in order to allow readers to draw reliable con-
clusions. In particular, the reason for using an NI design, the choice
of active control and decision on the non-inferiority margin should
be clearly explained with ethical, clinical and statistical justifica-
tion. The CONSORT (Consolidated Standards of Reporting Trials)
Statement has been extended for the reporting of NI trials* and pro-
vides a useful author’s checklist of items.

Conclusion

NI trials have become increasingly common over the past 20 years,
due in part to the decreasing incremental benefits of new treatments
and the necessity of having an active control when randomising
to an inactive placebo would be ethically unacceptable. However,
NI trials carry particular ethical, statistical and organisational chal-
lenges which differ from those of standard superiority trials. In
order to produce scientifically sound reliable results they need to
be carefully designed, rigorously conducted and appropriately ana-
lysed and reported.
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