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— KEY POINTS

randomized controlled trial (RCT) can
A have either a superiority design or a

noninferiority design. A superiority
design aims to show that a new drug is better
than placebo or an active comparator, whereas a
noninferiority design aims to show that a new
drug is not worse than its comparator, which is
typically an active drug. Noninferiority trials can
be used when a new drug is anticipated to have
an efficacy profile similar to its comparator and
could offer advantages over the existing drug,
such as a novel method of administration.

We have seen a large increase in publications
of noninferiority trials since 2000. A search in
PubMed for the term “non-inferior*” in titles
and abstracts found 9 publications in 2000 and
260 publications in 2010. These results show the
growing importance for readers and clinicians of
understanding the concept of this sort of trial.

The crucial but difficult step in designing such
a trial is prespecifying a noninferiority margin: a
threshold below which it can be established that
the new drug is not worse than its comparator.
This margin should be chosen such that the new
drug can be considered to be effective relative to

noninferiority.

considerations.

e The aim of a noninferiority trial is to show that a new drug is not
worse than its comparator.

e How a noninferiority margin is chosen for a trial is often not explained;
methods can be highly variable, resulting in inconsistent conclusions of

e A noninferiority margin should be based on both statistical and clinical

e The constancy assumption — that the effect of the active comparator
versus placebo is present in the current trial — should be discussed.

This article is part of an occasional series that examines controversial aspects
of research methods and reporting.
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placebo (even when a placebo group is not
included) and needs to account for the uncer-
tainty in the effect size of the active control ver-
sus placebo. Previously, we found that only 106
of 232 noninferiority trials (46%) reported the
method they used to determine the noninferiority
margin, and these methods varied considerably.'
In 22% of the trials, the margin was determined
based solely on the investigator’s own assump-
tion (without providing a rationale for the
choice); in 8.6% of the trials, the margin was
stated as an acceptable clinical difference accord-
ing to the literature.” These observations are wor-
risome, as the choice of the noninferiority margin
determines the conclusion of the trial and, thus,
clinical decision-making.

Here, we explain one method for determining
a noninferiority margin, as outlined in the draft
US Food and Drug Administration (FDA)
guideline on noninferiority trials.* In addition,
we present a case study on the noninferiority
margins used in trials of novel anticoagulant
drugs. The case study shows substantial vari-
ability in the noninferiority margins applied in
the selected trials.

Determining a noninferiority
margin

Most of the guidelines on noninferiority trials**
state that a margin should account for both clin-
ical and statistical considerations. However,
details on how such a margin should be deter-
mined are not clearly specified, with the excep-
tion of the recently drafted guideline on nonin-
feriority trials issued by the FDA.® The
guideline was composed based on previous
guidelines** and methodological publications
on noninferiority trials”'"® published since the
1980s. The guideline is only one example of
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determining a noninferiority margin, and it
reflects regulatory interest; thus, its focus is on
showing indirect efficacy of the test drug com-
pared with placebo.

The guideline recommends the fixed-margin
method, or 95%-95% method, which is consid-
ered the most straightforward and readily under-
stood approach. The method starts by identifying
M1 and M2. M1 is the effect of the active control
compared with placebo, which is assumed to be
present in the noninferiority trial. M1 is chosen as
a conservative estimate (smallest effect size possi-
ble) of the effect of the active comparator, which
is the upper bound of the 95% confidence interval
(CI) of the pooled effect size, rather than the point
estimate. M2 reflects the clinical judgement about
how much of M1 should be preserved and repre-
sents the largest clinically acceptable difference
(degree of inferiority) of the test drug compared
with the active control. For example, if it is neces-
sary that a test drug preserve 75% of a mortality
effect, M2 would be 25% of M1, the loss of effect
that must be ruled out. Determining M2 assures
that the test drug will be superior to placebo.

Determining M1, as the first step in defining a
noninferiority margin, can be based on one or
more placebo-controlled trials of the active com-
parator that have a design similar to the current
noninferiority trial. A meta-analysis of several
placebo-controlled trials is preferable, because it
will result in a pooled, more precise effect esti-
mate of the active comparator.

The second step is to calculate M2 from M1
by choosing a certain amount of the effect to be
preserved. The draft FDA guideline implicitly
recommends using a preserved-effect of 50% to
determine M2. Choosing a higher percentage to
be preserved (e.g., 67%, where M2 is 33% of
M1) results in a stricter or more conservative
noninferiority margin, meaning it is more diffi-
cult to conclude noninferiority. The formula to
calculate M2 for a risk difference (RD) is:

(1 — preserved effects) x -M1

For the relative risk (RR), and other ratio
measures, the guideline discusses 3 methods for
calculating M2. The preferred method calculates
the margin using the natural logarithm:

eln(l/Ml) x (1 — preserved effects)

or (1 /M1 )(1 — preserved effects)

The results of the noninferiority trial are com-
pared with the prespecified noninferiority margin
(M2) as follows: if the upper bound of the
95% CI for the effect estimate is smaller than the

noninferiority margin, noninferiority is con-
cluded. For example, if a noninferiority trial
shows that the RR of the new drug compared
with the active comparator is 0.90 (95% CI 0.68
to 1.20), and the noninferiority margin is 1.25, it
can be concluded that the new drug is noninfe-
rior to the active comparator.

Determining M2 is also related to how much of
the treatment effect is judged necessary to be pre-
served, a consideration that may reflect the seri-
ousness of the outcome, the benefit of the active
comparator and the relative safety profiles of the
test drug and the comparator. This factor has con-
siderable practical implications. For example, in
large cardiovascular studies, it is unusual to seek
retention of more than 50% of the effect of the
control drug, even if this might be clinically rea-
sonable, because doing so will usually cause the
size of the study to become infeasible.

Case study

Noninferiority trials

Recently, new classes of anticoagulant medica-
tions, direct thrombin inhibitors (DTIs) and direct
inhibitors of factor Xa (DXAISs), were claimed to
be as effective as conventional therapies, such as
heparin or low-molecular weight heparins
(LMWHs), but with a more convenient route of
administration and no requirement for monitoring
after discharge from hospital. DTIs and DXAIs
were first registered for the prevention of venous
thromboembolism in patients undergoing elective
hip- or knee-replacement surgery. Many of the tri-
als were noninferiority trials. We found 12 such
trials in PubMed and the Cochrane central register
of controlled trials in May 2012 (Appendices 1
and 2, available at www.cmaj.ca/lookup/suppl
/d0i:10.1503/cmaj.120142/-/DC1).

All of the trials used enoxaparin as the active
comparator (40 mg once daily, or 30 mg twice
daily). Most of the trials used RD to define the
noninferiority margin, which ranged from 2.0%
to 9.2%. Three trials used RR, setting the nonin-
feriority margin at 1.25. Only 4 of the 12 trials
stated how they determined the noninferiority
margin. One trial stated that an independent
expert committee determined the margin, which
was the same noninferiority margin that had
been used in a previous active-controlled trial of
enoxaparin versus tinzarapin."" Three trials used
67% preserved-effect of the (pooled) effect of 1
or 3 placebo-controlled trials.” ™

Reference noninferiority margin

We determined a reference noninferiority margin
using the fixed-margin method recommended in
the draft guideline.
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First, we performed a meta-analysis of placebo-
controlled trials with enoxaparin for prophylaxis of
venous thromboembolism after elective hip- or
knee-replacement surgery. We found 6 trials in
PubMed and the Cochrane register in May 2012
(Appendix 3, available at www.cmaj.ca/lookup
/suppl/doi:10.1503/cmaj.120142/-/DC1). The
placebo-controlled trials were quite similar to the
noninferiority trials with respect to enoxaparin’s
dosage and duration, patients’ ages and sex distrib-
ution. However, death was not included as an out-
come in the placebo-controlled trials, whereas
most noninferiority trials included death by all
causes in their composite outcome. Because the
noninferiority trials in our case study started
recruiting patients after 2000, we only included the
4 placebo-controlled trials"'* published before
2000 in the meta-analysis. We calculated the
pooled RD and RR with 95% CIs using a fixed-
and random-effects model (Appendix 4, available

at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj
.120142/-/DC1). We considered the upper bound
of the pooled CI to be M1. The fixed- and random-
effects model for RD resulted in different CIs, and
therefore resulted in different values for M1.

Second, we calculated values for M2 using a
50% and 67% preserved-effect of M1 (Ap-
pendix 4). For example, calculating M2 with
50% preserved-effect for RD based on the fixed-
effects model resulted in the following calcula-
tion: (1 —0.5) x —(-0.26) = 0.130.

In addition, we used a 67% preserved-effect
because 3 of the noninferiority trials included in
our meta-analysis used this value.

Comparison between the reference

and published noninferiority margins

We plotted the point estimates and 95% Cls of
the noninferiority trials, their noninferiority
margins and the reference noninferiority mar-

Trial RD (95% CI)
B Noninferiority margin from trial
Collwel et al.” 0.033 (0.009 to 0.057) ——% B |X point estimate
EXPRESS'® -0.040 (-0.056 to —0.024) —x— [ |
RE-MODEL™ (220 mg) -0.013 (-0.073 to 0.046) [ |
RE-MODEL'™ (150 mg)  0.028 (-0.031 to 0.087) [ |
RE-MOBILIZE™ (220 mg) 0.058 (0.008 to 0.11) — %7 &
RE-MOBILIZE™ (150 mg) 0.084 (0.034 to 0.132) ~—1
RE-NOVATE'* (220 mg) -0.007 (-0.029 to 0.016) —%— [ |
RE-NOVATE' (150 mg) 0.019 (-0.006 to 0.044) - n
RECORD 1% -0.026 (-0.037 to-0.015) —%= [ |
RECORD 32 -0.092 (-0.124 t0-0.059)| — .
RECORD 423 -0.032 (-0.057 to -0.007) — u
ADVANCE-1'> 0.001 (-0.022 to 0.024) —%— [ |
ADVANCE-224 -0.093 (-0.13 t0 -0.058) |— % n
0.2)00 0.0|76* 0.1|‘I51' 0.23%
RD (95% CI)

Figure 1: Results of noninferiority trials, noninferiority margins of the trials, and preserved-effects reference noninferiority margins
using risk difference. The confidence intervals resemble the effects of test drug — active comparator (negative treatment effect is desir-
able). Point-of-no-difference between test drug and enoxaparin is 0.000. Cl = confidence interval, M1 = effect of active control versus
placebo, M2 = largest clinically acceptable difference between the test drug and the active control, RD = risk difference. *M2 for 67%
preserved effect. M2 for 50% preserved effect. M1.
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gins to assess whether the conclusion of the tri-
als would have been different had the reference
noninferiority margin been used (Figures 1
and 2). We did not include one of the trials in our
figures,” because it was stopped early for safety
concerns and therefore lacked data on efficacy.
Figure 1 shows that the noninferiority mar-
gins for the RDs from the trials were stricter than
the 50% preserved-effects reference noninferior-
ity margin (0.02-0.092 v. 0.115); thus, the con-
clusion of noninferiority in these trials does not
change when using the reference noninferiority
margin, with the exception of the trial by Col-
well and colleagues." The noninferiority margins
in the RE-MODEL,"” RE-MOBILIZE" and RE-
NOVATE" trials were larger (i.e., less conserva-
tive) than the 67% preserved-effect reference
noninferiority margin (0.092 and 0.077 v. 0.076).
In the RE-MODEL trial,"* dabigatran (150 mg)
would not have been found noninferior to enoxa-
parin if the 67% preserved-effect reference non-
inferiority margin had been used. Moreover, if
the most conservative noninferiority margin
from the EXPRESSY trial was used (0.02), the
RE-MODEL" and RE-NOVATE" trials would
not have concluded noninferiority to enoxaparin.
Figure 2 shows that the noninferiority mar-
gins in these trials were smaller (i.e., more con-
servative) than the 50% and 67% preserved-
effect references (1.25 v. 1.46 and 1.28). In the
ADVANCE 1 trial,"” noninferiority of apixaban
was not concluded by the authors owing to
inconsistency between results for the RD and
RR. If the 50% preserved-effect reference nonin-
feriority margin was used for both the RD and

RR, apixaban would have been found noninfer-
ior to enoxaparin.

Lessons learned

We found substantial variation in noninferiority
margins used in noninferiority trials of oral anti-
coagulant medications compared with enoxa-
parin for prophylaxis of venous thromboem-
bolism after orthopedic surgery. Such variation
could lead to inconsistent conclusions on nonin-
feriority and the efficacy of the studied drugs
compared with placebo. Furthermore, when
determining a noninferiority margin using the
method from the draft FDA guideline, we noted
some issues that are not explicitly described in
the guidelines, including the amount of effect
that should be preserved, how similar the char-
acteristics of the placebo-controlled trials and
noninferiority trials need to be, and whether the
RD or RR should or could be used to calculate
the margin.

The different values for preserved effect used
in the trials could be the reason for this variabil-
ity in noninferiority margins. The draft FDA
guideline suggests using a preserved-effects
value of 50% to assure that the active control is
better than placebo. However, there may be
other specific considerations related to the test
drug or the trial itself for choosing a higher
preserved-effect value. These considerations
include the seriousness of the outcomes (e.g., a
stricter margin for irreversible outcomes, such
as death), the treatment effect of the active com-
parator versus placebo (e.g., using larger mar-

Trial RR (95% CI)

ADVANCE-1'5  1.02 (0.78 to 1.32)

ADVANCE-22*  0.62 (0.51 to 0.74)

ADVANCE-3%>  0.36 (0.22 to 0.54) o

B Noninferiority margin
from trial

PN Point estimate

0.00

1.00 1.28* 1.46%1 2.13%

RR (95% ClI)

Figure 2: Results of noninferiority trials, noninferiority margins of the trials, and preserved-effects refer-
ence noninferiority margins using relative risk. The confidence intervals resemble the effects of test drug -
active comparator (negative treatment effect is desirable). Point-of-no-difference between test drug and
enoxaparin is 1.000. Cl = confidence interval, M1 = effect of active control versus placebo, M2 = largest clin-
ically acceptable difference between the test drug and the active control, RR = relative risk. *M2 for 67%

preserved effect. tM2 for 50% preserved effect. tM1.
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gins for larger effects), adverse effects of the test
drug (e.g., using a larger margin if the test drug
has fewer serious adverse effects than available
therapies), the availability of other drugs (e.g.,
using a stricter margin if other efficacious and
safe drugs are available) and overall cost and
benefit-risk assessment.*'* Although all of the
noninferiority trials in our case study were simi-
lar in terms of these considerations, substantial
variation in the noninferiority margin existed
between the trials, suggesting that the different
clinical judgments and perceptions of the inves-
tigators played a role.

Furthermore, for valid inference of a noninfe-
riority trial, one must assume that the treatment
effect between the active comparator and the
placebo remains accurate during the current trial.
This is known as the “constancy assumption”
and cannot be assessed with total objectivity.
However, it can be supported by a proper meta-
analysis and by showing similarity between the
current trial and the trials used for setting the
margin in terms of the characteristics of
patients, the intensity of treatment and the defi-
nition of outcomes."” In our case study, although
the placebo-controlled trials were quite similar
to the noninferiority trials, they did differ in
their definition of outcomes. The question,
therefore, remains as to whether the noninferi-
ority trials and placebo-controlled trials were
similar enough. This is another subjective
judgement inherent to noninferiority trials. In
addition to the similarity in the characteristics
of trials, the constancy assumption relies on the
absence of any influence from several other fac-
tors that are not easily verifiable, such as
changes in the standards of care. Uncertainty of
the validity of the constancy assumption in a
noninferiority trial can raise concerns over the
conclusion of noninferiority.

Another challenge related to the use of meta-
analysis is the risk of publication bias. It is possi-
ble that the result of our pooled analysis would
have been different if unpublished results of
placebo-controlled trials on enoxaparin had been
included. However, accessing such data might be
difficult. Only recently have pharmaceutical
companies been obliged to publish all results of
clinical trials done to get market authorization,
either in a peer-reviewed publication or on an
independent website (e.g., www.clinicaltrials
.gov)." Such disclusure of data will certainly
help improve the quality of future trials.

The draft FDA guideline does not explicitly
state whether the noninferiority margin should
be based on an absolute measure, such as the
RD, or a relative measure, such as the RR. For
clinicians, the RD is more relevant to treatment
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decisions for individual patients. Furthermore,
the RD is particularly useful when considering
trade-offs between the benefits and harms of an
intervention, which is crucial in noninferiority
trials. The RR, however, is less dependent on the
baseline risk, less likely to show heterogeneity
between trials and is mathematically more con-
venient. It is worth noting that, in the context of
noninferiority trials, the RDs and RRs can yield
opposite conclusions regarding noninferiority if
the rate of events seen in the active comparator
group differs from the assumed rate that was
used to define the noninferiority margin. In a
superiority trial, this cannot occur.

Substantial variation in noninferiority mar-
gins exists among noninferiority trials of antico-
agulant medications for prophylaxis of venous
thromboembolism after orthopaedic surgery,
which could lead to inconsistent conclusions of a
drug’s noninferiority to an active comparator and
its efficacy compared with placebo. This incon-
sistency is undesirable both from a clinical and
regulatory perspective. Further research is
needed to provide clearer guidance on how to
deal with certain crucial aspects of determining a
noninferiority margin.
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