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7 questions to ask when
evaluating a noninferiority trial

While most physicians are accustomed to evaluating
randomized placebo-controlled studies, many are less
familiar with the purpose and takeaway of noninferiority

trials. Here’s help.

he traditional clinical trial, designed to
Ttest whether a new treatment is better
than a placebo or another active treat-
ment, is known as a “superiority” trial—al-
though rarely labeled as such. In contrast, the
goal of a noninferiority trial is simply to dem-
onstrate that a new treatment is not substan-
tially less effective than the standard therapy.
Such trials are useful when a new therapy
is thought to be safer, easier to administer, or
less costly than the existing treatment, but
not necessarily more effective. And, because
it would be unethical to randomize patients
with a serious condition for which there al-
ready is an effective treatment to placebo, a
noninferiority trial is another means of deter-
mining if the new treatment is effective.
Noninferiority trials have unique de-
sign features and methodology and require
a different analysis than traditional superior-
ity trials. Yet many physicians know far less
about them; many investigators appear to
be less than proficient, as well. A review of
116 noninferiority trials and 46 equivalence
trials found that only 20% fulfilled gener-
ally accepted quality criteria.! To improve the
quality of noninferiority trials, the CONSORT
(Consolidated Standards of Reporting Trials)
Group has published a checklist for trial de-
sign and reporting standards.>* Based on this
checklist, we came up with 7 key questions to
consider when evaluating a noninferiority tri-
al. In the pages that follow, you'll also find an

N JFPONLINE.COM

at-a-glance guide (TABLE) and a methodology
review using a hypothetical case (PAGE E7).

Is a noninferiority trial
appropriate?

The introduction to a noninferiority trial
should provide the rationale for this design
and the absence of a placebo control group.
Look for a review of the evidence of the effi-
cacy of the reference treatment that placebo-
controlled trials have revealed, along with the
effect size. The advantages of the new treat-
ment over the standard treatment—eg, fewer
adverse effects, easier administration, or low-
er cost—should be discussed, as well.

In the Randomized Evaluation of Long-
term Anticoagulation Therapy (RE-LY)—a
prominent noninferiority trial—investigators
compared the standard anticoagulant (war-
farin) for patients with atrial fibrillation (AF)
atrisk of stroke with a new agent, dabigatran.*
In the methods section of the abstract and
the statistical analysis section of the main
body, the authors clearly indicated that this
was a noninferiority trial. They began by re-
ferring to the existing evidence of warfarin’s
effectiveness, then detailed the qualities that
make warfarin cumbersome to use, including
the need for frequent laboratory monitoring.
This was followed by evidence that many pa-
tients stop taking warfarin and that even for
those who persist with treatment, adequate
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TABLE
Evaluating a noninferiority trial:
An at-a-glance guide

1.

Is a noninferiority trial appropriate?

Is the primary objective to evaluate whether a new treatment is noninfe-
rior to, or no worse than, a standard treatment?

Has the efficacy of the standard treatment been previously established?

Are the known or expected advantages of the new treatment described?

Is the noninferiority margin based on clinical and statistical reasoning?

Does the choice of margin reflect both the severity of the disease and the
uncertainty in the estimate of the efficacy of the standard treatment?

w

. Are the hypothesis and statistical analysis formulated correctly?

Is the hypothesis clearly stated?

Is the null hypothesis that the outcome for the standard treatment is better
than the outcome for the new treatment by some prespecified margin?

. Is the sample size sufficient?

Was the sample size appropriately planned?

What assumptions about the outcomes for the treatment groups were
used for sample size calculations, and were they clinically reasonable
assumptions?

Is the noninferiority trial as similar as possible to the trial(s) comparing
standard treatment to placebo?

Are the inclusion/exclusion criteria, dosing, method of assessing the
outcome, and duration of follow-up nearly identical to the trial(s) that
established efficacy of the standard treatment?

Is a per protocol analysis reported in the results?

If the results are given for intention-to-treat analysis, are they also given
for per protocol analysis?

~

. Are the overall design and execution of the study high quality?

Were appropriate methods for allocation concealment and blinding used?
Was the follow-up rate high?

Were the groups similar at baseline and subject to the same care?
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anticoagulation is difficult to maintain.

The authors went on to state that because
dabigatran requires no long-term monitor-
ing, it is easier to use. Therefore, if dabigatran
could be shown to be no worse than warfarin
in preventing strokes, it would be a reason-
able alternative, leaving no doubt that this
was an appropriate noninferiority trial.

E Is the noninferiority margin

based on clinical judgment and
statistical reasoning?

The noninferiority margin should be based

on clinical judgment as to how effective a new
treatment must be in order to be declared not
clinically inferior to the standard treatment.
This can be based on several factors, including
the severity of the outcome and the expected
advantages of the new treatment. The margin
should also take into account the size of the
standard treatment’s effect vs placebo. In RE-
LY, for example, the authors noted that the
noninferiority margin was based on the desire
to preserve at least 50% of the lower limit of
the confidence interval (CI) of warfarin’s esti-
mated effect; this was done using data from a
previously published meta-analysis of 6 trials
comparing warfarin with placebo for stroke
prevention in patients with AE*¢

E Are the hypothesis and
statistical analysis formulated
correctly?

The clinical hypothesis in a noninferiority
trial is that the new treatment is not worse
than the standard treatment by a prespeci-
fied margin; therefore, the statistical null
hypothesis to be tested is that the new treat-
ment is worse than the reference treatment
by more than that margin. Rejecting a true
null hypothesis (for example, because the P
value is <.05) is known as a type | error. In
this setting, making a type I error would
mean accepting a new treatment that is truly
worse than the standard by at least the speci-
fied margin. Failure to reject a false null hy-
pothesis is known as a type II error, which in
this case would mean failing to identify a new
treatment that is truly noninferior to the stan-
dard.”

In RE-LY, the authors stated that the up-
per limit of the one-sided 97.5% CI for the
relative risk of a stroke with dabigatran vs
warfarin had to fall below 1.46.* (This is the
same as testing the null hypothesis that the
hazard ratio is >1.46.) Thus, the hypothesis
was formulated correctly.

El Is the sample size appropriate
and justified?

The sample size in a noninferiority trial
should provide high power to reject the null
hypothesis that the difference (or relative
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risk) between groups is equal to or greater
than the noninferiority margin under some
clinically meaningful assumption about the
true difference (or absolute risk reduction)
between groups. A true difference of 0 (or
a relative risk of 1) is typically assumed for
sample size calculation. However, assum-
ing that the new treatment is truly slightly
better or slightly worse than the standard
may be clinically appropriate in some cases.
This would indicate a need for a smaller or
larger sample size, respectively, than that
required under the usual assumption of no
difference.

When the justification for the sample size
in a noninferiority trial is not provided or the
number of participants is based on an inap-
propriate approach (eg, using superiority trial
calculations for a noninferiority trial), ques-
tions about the quality of the trial arise. The
primary concern is whether the noninferior-
ity margin was actually selected before the
trial began, as it should have been. And if the
researchers used overly optimistic assump-
tions about the efficacy of the new treatment
relative to the standard therapy, the failure
to rule out the margin could be misleading.
(As with superiority trials that fail to reject
the null hypothesis, post hoc power calcula-
tions should be avoided.) After the study has
ended, the resulting CIs should be used to
evaluate whether the study was large enough
to adequately assess the relative effectiveness
of the treatments.

The RE-LY trial calculated the sample
size that was expected to provide 84% power
to rule out the prespecified hazard ratio of
1.46, assuming a true event rate of 1.6% per
year (presumably for both groups), a recruit-
ment period of 2 years, and at least one year of
follow-up. The sample size was subsequently
increased from 15,000 to 18,000 to maintain
power in case of a low event rate.*®

E Is the noninferiority trial as
similar as possible to the
trial(s) comparing the standard
treatment with placebo?

Characteristics of participants, setting, ref-

erence treatment, and outcomes used in a

noninferiority trial should be as close as pos-
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sible to those in the trial(s) comparing the
treatment with placebo. This is known as the
constancy assumption, and it is key to re-
searchers’ ability to draw a conclusion about
noninferiority.

The trials used to calculate the nonin-
feriority margin and the RE-LY trial itself in-
volved similar populations of patients with
AF, and the outcome (stroke) was similar.

m Is a per protocol analysis
reported in the results?

In randomized controlled superiority trials,
the participants should be analyzed in the
groups to which they were originally allo-
cated, regardless of whether they adhered to
treatment during the entire follow-up period.
Such intention-to-treat (ITT) analysis is im-
portant because it provides a more conser-
vative estimate of treatment effect—taking
into account that some people who are of-
fered treatment will not accept it and others
will discontinue treatment. An ITT analysis
therefore tends to minimize treatment effects
compared with a “per protocol” analysis, in
which participants are analyzed according to
the treatment they actually received and are
often removed from the analysis if they dis-
continue or do not adhere to treatment.

In noninferiority trials, if patients in the
intervention group cross over to the standard
treatment group or those in the standard
treatment group have poor adherence, an
ITT analysis can increase the risk of wrongly
claiming noninferiority.” Therefore, a per
protocol analysis should be included—and
indeed may be preferable.

In RE-LY, ITT analyses were reported,
and complete follow-up data were available
for 99.9% of patients. However, the rates of
treatment discontinuation at one year were
about 15% for those on dabigatran and 10%
for the warfarin group, and 21% and 17%, re-
spectively, at 2 years.*® If the new treatment
were truly less efficacious than the standard
treatment, these moderate discontinuation
rates could lead to more similar rates of stroke
in the 2 groups than would be expected with
higher continuation rates, biasing results
towards the alternative of noninferiority. Al-
though the original publication of trial results
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Intention-to-
treat analysis

is important
because it
provides a more
conservative
estimate of
treatment effect.
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Methodology review: A hypothetical case

To best illustrate the ways in which noninferiority trials differ from traditional superiority trials, we present this hypo-
thetical case:

Imagine that evidence (from a randomized placebo-controlled superiority trial) indicates that the mortality rate for
patients taking the established treatment for a particular disease is 8%, compared with a 20% mortality rate among
those on placebo. Thus, the treatment represents an absolute risk reduction of 12 percentage points. But it is available
only intravenously (IV) and has an adverse effect profile that includes leukopenia, nausea, and hair loss.

A new oral agent with the same mechanism of action has been developed and is ready to be tested in a human trial.
But it would be unethical to randomize patients with this disease to placebo, so the researchers consider a superiority
trial comparing the IV agent to the oral medication. Because they have no reason to believe that the new treatment
will be more effective in reducing mortality and simply want to demonstrate that it is not inferior, they design a nonin-
feriority trial instead.

I The clinical hypothesis would be that the oral agent is no worse than the IV agent, within the “noninferiority mar-
gin.” The statistical null hypothesis to be tested would be that the difference between the 2 treatments is equal to or
greater than that margin. Determination of an appropriate noninferiority margin is based on statistical principles and
clinical judgment.

A good estimate of effect size would come from a meta-analysis of multiple randomized placebo-controlled trials.
Fortunately, in this case there is a high-quality systematic review and meta-analysis of 8 trials comparing placebo with
the standard IV treatment. Its finding: 20% of patients in the placebo group died, vs 10% of those on the standard
treatment—an absolute risk reduction of 10 percentage points. However, there is still a confidence interval (Cl) that
reflects a degree of statistical uncertainty.

Suppose the Cl for the risk reduction in this case is 8 to 12 percentage points—that is, that the smallest likely risk
reduction from the standard IV treatment is 8 points.

From a clinical standpoint, the investigators have to decide what fraction of that treatment effect ought to be pre-
served. Although the US Food and Drug Administration (FDA) has provided some guidelines,” there are no hard and fast
rules for determining this margin. For cardiovascular outcome studies, the FDA suggests a margin that preserves 50% of
the treatment effect of the standard treatment vs placebo; for antibiotic trials, where effect sizes are larger, a margin of
10% to 15% would be appropriate.

1 The noninferiority margin. In our hypothetical case, the investigators decide that preserving 50% of the standard
treatment is reasonable, given that the new treatment offers easier administration and fewer adverse effects. Applying
this to the lower limit of the Cl for the standard treatment demonstrated by the meta-analysis would yield a noninferi-
ority margin of 4 percentage points (ie, 50% of the 8 percentage points). This means the oral therapy would be deemed
noninferior as long as the upper limit of a 2-sided 95% ClI (or the upper limit of a one-sided 97.5% Cl) for the difference
in mortality rates between the new therapy and the standard therapy is <4 percentage points.
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did not include a per protocol analysis, the
RE-LY authors later reported that a per proto-
col analysis yielded similar results to the ITT
analysis.

Are the overall design and
execution of the trial high
quality?

Because a poor quality noninferiority trial

can appear to demonstrate noninferior-

ity, looking at such studies critically is
crucial. Appropriate randomization, con-

cealed allocation, masking, and careful
attention to participant flow must all be
assessed.>?

To continue with our example, the RE-LY
trial was well conducted. Randomization was
performed centrally via an automated tele-
phone system and 2 doses of dabigatran were
administered in a masked fashion, while war-
farin was open-label. Remarkably, follow-up
was achieved for 99.9% of participants over a
median of 2 years, and independent adjudi-
cators masked to treatment group assessed
outcomes.*? JFP

CONTINUED
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