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Understanding noninferiority trials
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Noninferiority trials test whether a new experimental treatment is
not unacceptably less efficacious than an active control treatment
already in use. With continuous improvements in health technologies,
standard care, and clinical outcomes, the incremental benefits of
newly developed treatments may be only marginal over existing
treatments. Sometimes assigning patients to a placebo is unethical. In
such circumstances, there has been increasing emphasis on the use
of noninferiority trial designs. Noninferiority trials are more complex
to design, conduct, and interpret than typical superiority trials. This
paper reviews the concept of noninferiority trials and discusses some
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important issues related to them.
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Background

Treatment efficacy is considered as the capacity of a given inter-
vention to produce a beneficial effect. The use of control groups in
clinical trials is important for differentiating patient outcomes caused
by experimental treatments from those caused by other factors, such
as natural disease progression. Efficacy of an experimental treatment
is most convincingly established by demonstrating its superiority
to a placebo in a placebo-controlled trial, by showing superiority to
an active control treatment, or by demonstrating a dose-response
relationship. This type of trial is referred to as a superiority trial .

The term “active control trial” refers to clinical trials in which the
control treatment employed is an active one. There are several reasons
for using active controls in clinical trials">*. For example, in trials
involving serious outcomes such as mortality, it is unethical to use
a placebo when active treatments are available. Clinical equipoise,
referring to the state of true uncertainty about the relative benefits of
alternative treatments under the “null” hypothesis to be tested, is an

ethically necessary condition in all clinical research”. Active controls
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are sometimes used to demonstrate the efficacy of a drug that may
have large placebo effects. Active controls are also used to determine
how experimental treatments compare to alternative treatments.
Active control trials aim to demonstrate that treatments of interest
have either superior effects or similar effects to the control.

Our interest usually lies in being able to demonstrate that a parti-
cular new treatment can be recommended as being better than
existing treatments. Such trials are known as superiority trials,
where we seck sufficient evidence to reject the hypothesis that “the 2
treatments have equal effects” in favor of the superiority of the new
treatment. However, failure to observe sufficient evidence for rejection
of the null hypothesis does not necessarily suggest the equivalence of
2 treatments”.

If the intent of a study is to demonstrate that differences between
control and experimental treatments are not large in either direction,
then it is known as an equivalence trial. Bioequivalence trials are
those in which generic drug preparations are compared to currently
marketed formulations with respect to pharmacokinetic parameters

in order to evaluate their in vivo biological equivalence, and those are
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the ones where showing equivalence between treatments is truly of
interest. When determining the effects of experimental treatments
on clinical end points, it would not be sensible to investigate whether
their effects are no worse than, as well as no better than, those of the
control. Although noninferiority and equivalence trials have often
been both referred to as “equivalence trials,” they are distinct. If the
intent of a study is to demonstrate that an experimental treatment
is not substantially worse than a control treatment, the study is
known as a noninferiority trial. However, there are some complicated
issues with trials of this type that make them less reliable than
typical superiority trials*”. Some guidelines have been provided by
regulatory bodies”'?, and the CONSORT (Consolidated Standards
of Reporting Trials) Group has also published an extension of their

13)

guidelines for such trials

Demonstrating treatment effect

When trying to demonstrate that a new treatment is better than
a placebo or active control, we statistically analyze the trial data
to determine whether the result provides sufficient evidence to
reject the null hypothesis, i.e., that the 2 treatments have the same
effect. For example, if in a randomized controlled trial a reduction
in blood pressure of 15 mmHg is observed for a newly developed
antihypertensive drug, while an active control induces a reduction
of only 5 mmHg reduction, it would be incorrect to conclude that
the new drug is more efficacious based on the observed difference
of 10 mmHg because such a difference could be due to chance of
sampling. Instead, we calculate a confidence interval (CI) around the
observed difference, which allows a degree of uncertainty associated
with the observed value of 10 mmHg, and it is within this CI that the
true difference will likely lie. For example, if a 95% Cl is calculated
(3, 17), this means that when samples are repeatedly drawn and
treatment differences are estimated, 95% of the estimated differences
would be expected to be a value between 3 and 17, and one of those
could be the true difference. Some values may also fall outside the
ClI and although these could also be the true value, this likelihood
is very small. Therefore, in this example, we conclude that the true
difference is very unlikely to be 0, and there is sufficient evidence to
conclude that the new treatment is superior to the control when the P
value is <0.05 (Fig. 1). Note, that if due to a small sample size the Cl is
very wide, then the study is not likely able to demonstrate superiority.
Thus, concluding equivalence or noninferiority on the basis of a
nonsignificant test of the null hypothesis, i.e., no difference between

the experimental treatment and the active control is inappropriate.

Why noninferiority trials?

Noninferiority trials may be performed to demonstrate that a
new treatment is better than an assumed placebo in situations where
conducting a placebo control trial is unethical. They may also be
used when the new treatment may offer important advantages over
currently available standard treatments, in terms of improved safety,
convenience, better compliance, or cost. In addition, clinical trials are
increasingly required to demonstrate benefits in clinical endpoints
rather than surrogate endpoints, even though the incremental benefits
from new treatments is diminishing, which is also an important
factor in determining sample size. Such practical considerations
are also driving a trend towards designing clinical trials that aim to
demonstrate experimental treatments have similar effects to active
controls of a proven efficacy rather than a superior effect. However,
testing for noninferiority makes trial design and interpretation of

results less straightforward than typical superiority trials.

Analysis of noninferiority trials

A naive approach to analyzing experimental data from active
control trials is to compare new and control treatments in the
standard way and, if no difference is detected, to declare the
treatments equivalent. However, a problem with this approach
is that if the sample size is too small, so that the CI is too wide,
equivalence could be inappropriately concluded. Thus, if the aim
is to assess true “equivalence,” then the null hypothesis should be
that the treatments differ, and whether there is sufficient evidence
to declare their equivalence and reject the null hypothesis should
be investigated. Since it is practically impossible for 2 treatments to
have exactly equivalent effects, “equivalence” in terms of clinical
evaluation means that the effects of 2 treatments differ by no more
than a tolerable amount, known as the equivalence margin. In an

equivalence trial, if the effects of the 2 treatments differ by more than

95% Confidence interval noninferiority
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Fig. 1. Testing superiority, equivalence/noninferiority. A: margin for
equivalence/noninferiority.
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the equivalence margin in either direction, then equivalence does
not hold. Noninferiority trials, on the other hand, aim to show that
an experimental treatment is not less effective than an active control
by more than the equivalence margin. In a trial intending to show
that there is a difference less than a specific amount between control
and experimental treatments, a noninferiority design statistically
tests the null hypothesis that the experimental treatment is inferior
by the equivalence margin. For example, in a trial where an outcome
of higher values is desirable, if the upper limit of the 95% CI for the
treatment difference by the experimental treatment is less than the
equivalence margin, then the null hypothesis of inferiority can be

rejected at the 5% significance level (Fig, 1).

Determination of noninferiority margins

The margin (A), the maximum acceptable extent of clinical
noninferiority of an experimental treatment, must be prospectively
defined. One approach to specifying the margin is based on clinical
significance, which can obviously be subjective. Sometimes it
is possible to choose a margin for declaring noninferiority of a
treatment, in which that treatment ends up having no effect or even
a detrimental effect. For example, let us assume that it is known from
the literature that a treatment response to a control drug is somewhere
between 15% and 30%. If the control drug has a response less than
20% and the margin was set at 20%, we could conclude that the new
treatment is noninferior, even if it exerts no response. Such a scenario
could be possible because the lower limit of the range for the control
treatment response is 15%. The margin should be based on both
statistical reasoning and clinical judgment and, in the setting of a
placebo-controlled trial, cannot be greater than the smallest response
that could be reliably expected from the active treatment compared
to a placebo. Using a treatment difference for the control treatment
based on a previously published placebo-controlled trial, would be a
way to consider the size of the margin statistically. If we let T, C, and
P represent the efficacy values of a new treatment, an active control,
and a placebo, respectively, then in a trial where higher efficacy values
are desirable, the standard null and alternative hypotheses for proving
noninferiority are; HO: C-T>A (T is inferior to C) and H1: C-T<A
(T is noninferior to C), respectively. The alternative hypothesis (H1)
states that the new treatment may have a negative effect compared to
the active control, but by no more than A. For a new treatment to at
least have better efficacy than the placebo while it can be less effective
than the active control within the extent of A, the size of the margin
allowed to the maximum limit would be the entire effect size of the
control treatment. A demonstration that the difference between a

control and an experimental treatment is less than A, would indicate

that the new treatment is better than the placebo, i.e., it is effective.
If there were a need to ensure this conclusion, the margin could be
chosen to be a fraction of the control treatment effect (Fig. 2). For
example, the margin could be 50% or 25% of the entire control

treatment effect compared to placebo.

Does noninferiority imply a treatment is effective?

As previously pointed out, setting an inappropriate margin can
cause a noninferiority test to misleadingly conclude a ineffective
treatment to be effective. In some cases, noninferiority tests can be
useless, unless the trial is carefully designed. A clinical trial should
have the ability to distinguish effective treatments from those that are
less effective, or ineffective. This is defined as “assay sensitivity” and
there is a question of whether noninferiority trials have the power to
detect a beneficial treatment against a placebo even if a placebo group
is included in the trial. For example, even if a control treatment has
shown efficacy in previous placebo-controlled trials, unless one can
reliably expect that the control treatment effect consistently occurs in
the current trial and if both treatments are truly ineffective, the test
may just declare the noninferiority of an experimental treatment to an
ineffective control (Fig, 3).

The presence of assay sensitivity in a noninferiority trial is not
verifiable but may only be assumed based on historical evidence of

Placebo A New
treatment

Fig. 2. Noninferiority margin. The positioning of the outcome result for

each treatment is indicated. A: margin for equivalence/noninferiority.
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Fig. 3. Hypothetical scenario. Numbers represent the values of a positive
outcome. The noninferiority margin is determined by halving the control
effect, based on a historical placebo-controlled trial. The upper limit of
the 95% confidence interval (Cl) for the treatment difference by the new
treatment compared to the control is less than the margin to conclude
noninferiority, although there is an implication of incomparability. A:
margin for equivalence/noninferiority.
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sensitivity to drug effects, the similarity of trial designs to those that
were able to distinguish efficacy of the active control from that of
a placebo, and the quality of trial conduct. Trial designs should be
compared closely in terms of inclusion criteria, methods of diagnosis,
and concomitant treatments used to evaluate consistency over time.
The notion of assessing noninferiority in this context is similar to
an indirect comparison, i.e., we indirectly evaluate the superiority
of an experimental treatment over a placebo using a hypothetical
treatment difference for the experimental treatment compared to the
placebo that is indirectly measured based on the treatment differences
between the active control and the experimental treatment and

between the control and the placebo.

Sample size considerations

The sample size of a noninferiority trial is very sensitive to the
expected effects of the experimental treatments and controls.
Although there could be other reasons for undertaking noninferiority
trials, showing noninferiority would be more appropriate when there
is an expectation that 2 treatments are similar. A larger sample size
is needed if a new treatment is assumed to be slightly less effective
than the control, since in such situations it is more difficult to show
noninferiority, unless a considerably narrower Cl is obtained. On the
other hand, the required sample size can be reduced if a new treatment
is assumed to be slightly more effective than the active control. The
noninferiority margin is another major factor that influences sample
size, and the greater the tolerance that is allowed, the smaller the
sample size that is needed. However, an inflated margin may cause
considerable loss of statistical power if noninferiority can be accepted

only by a smaller margin (Table 1).

Choosing the analysis population

Intention-to-treat (IT'T) is conventionally accepted as an unbiased
analytical approach for superiority trials. Analysis of all randomized
patients, according to the treatments to which they were assigned,

regardless of whether they received the treatment or not, confers a

Table 1. Sample Size in Noninferiority Trial

Control (%)  Experimental (%) A (%) Power (%)  n/group
60 60 5 80 1,188
60 22 5 80 601
62 60 5 80 3,268
60 60 8 80 464
60 60 5 46 464

Numbers represent the values of a positive outcome (e.g., response rates).
A: margin for noninferiority.

conservative effect on the outcome of the trial. However, I'TT analysis
may not be conservative for noninferiority trials, since including
dropouts in the analysis tends to bias the results toward equivalence,
even when an experimental treatment is less effective than the
control. The per-protocol analysis, which includes all patients who
satistactorily complied with the assigned treatment and who had no
major protocol violations, is more likely to identify any treatment
differences, but it can also substantially bias the results in either
direction. The recommended approach for noninferiority trials is to
perform both analyses and to conclude noninferiority if both analysis

produce the same result.

Switching between superiority and noninferiority

Interpreting a noninferiority trial as a superiority trial is credible
and without a need for a statistical penalty for multiple testing.
If the 95% CI for the treatment benefit excludes not only the
noninferiority margin but also zero, it would be considered adequate
evidence to prove superiority within the same trial. However, the
opposite approach is not valid. If a superiority trial fails to reject
the null hypothesis but the trial data appear to suggest treatment
equivalence, one may also be tempted to infer noninferiority. If there
is a possibility for testing noninferiority alongside a superiority test,
one should predefine both hypotheses with a justifiable margin for
noninferiority in the protocol. Testing noninferiority based on an ad
hoc determination of a noninferiority margin after a trial is complete
would not be acceptable due to bias. When both hypotheses are
carefully planned within a protocol, both can be tested on the same

population without a statistical penalty.

Conclusions

With improvement in health technologies, standard care, and
clinical outcomes, the incremental benefits of newly developed
treatments may only be marginal over existing treatments. Sometimes
assigning patients to a placebo is unethical, and in such circumstances,
there is increasing emphasis on the use of noninferiority trial designs.
Noninferiority trials are more complex to design, conduct, and
interpret than conventional superiority trials. When planning a
noninferiority trial, one should adequately understand its concept and
the possible drawbacks. Choice of the noninferiority margin is critical
in designing noninferiority trials. One reasonable way to define a
margin is to base it on some proportional effect that the active control
has shown over placebo in previous studies. However, the margin
should be based on both statistical reasoning and clinical judgment.

A justifiable margin for noninferiority should be predefined in the
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protocol. It should reflect uncertainties in the evidence on which
the choice is based and should also be suitably conservative. Testing
noninferiority based on ad hoc determination of the margin after
a trial is complete is not acceptable. Noninferiority trials are based
on some directly unverifiable assumptions. In order to demonstrate
assay sensitivity, it is important to evaluate the conditions of previous
trials as closely as possible, including trial design and patient
characteristics. Therefore, when planning a noninferiority trial, all
necessary considerations should be taken to ensure that false claims of

noninferiority are avoided.
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