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Most noninferiority trials were not designed to preserve active
comparator treatment effects
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Abstract
Objectives: To evaluate whether noninferiority trials are designed to adequately preserve the historical treatment effect of their active
comparators.

Study Design and Setting: We reviewed 162 noninferiority trials published in high-impact medical journals. We assessed whether tri-
als were designed to ensure that interventions could only be declared noninferior if they preserved at least 50% of the active comparator’s
historical treatment effect.

Results: Only 25 of 162 trials (15%) were designed so that interventions could only be declared noninferior if they preserved at least
50% of the active comparator’s historical treatment effect. Most trials did not provide evidence that the active comparator was effective
(n 5 101), provided inadequate evidence (n 5 18), or used a noninferiority margin that was too wide (n 5 18). In a subset of 61 noninfer-
iority trials which referenced a prior randomized trial or meta-analysis evaluating the active comparator, only 25 (41%) used a noninfer-
iority margin small enough to preserve at least 50% of the active comparator’s treatment effect. Overall, 14 of 162 noninferiority trials (9%)
would have allowed the intervention to be declared noninferior even if it was worse than either placebo or another historical control.

Conclusion: Most noninferiority trials published inmajor medical journals could allow erroneous declarations of noninferiority. � 2019
Elsevier Inc. All rights reserved.
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1. Introduction new interventions that may not be more effective than ex-
Most randomized controlled trials (RCTs) are designed
to demonstrate superiority of an intervention, whereas non-
inferiority trials are designed to demonstrate that an inter-
vention is not worse than a standard treatment (referred
to as the ‘‘active comparator’’) by more than a specific
margin [1e11]. These latter designs are often used to assess
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isting treatments but may offer other advantages such as
an improved safety profile, ease of administration, or
reduced costs [2,4,6,8,12,13].

Interventions found to be noninferior are assumed to be
almost as effective as their active comparators, and there-
fore acceptable for clinical use. However, the validity of
this assumption relies on two key criteria in the design of
these trials [1e3,6,7,14e20]. First, that the superiority of
the active comparator to placebo or other historical control
has been previously established in a randomized trial or
meta-analysis, and second, that the noninferiority margin
(the maximum acceptable threshold by which the new
intervention can be worse than the active comparator and
nevertheless considered noninferior) is narrow enough to
preserve a sufficient amount of the active comparator’s
treatment effect.

Violation of either of these two critical aspects of the
noninferiority trial design can compromise the validity of
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What is new?

Key findings
� In this review of 162 noninferiority trials published

in high-impact medical journals, only 25 (15%)
provided definitive evidence that interventions
could only be declared noninferior if they were
preserved at least 50% of the active comparator’s
historical treatment effect. The remaining trials
may have allowed erroneous declarations of
noninferiority.

What this adds to what was known?
� Most trials (101/162, 62%) did not provide evi-

dence that the active comparator was effective.
Of the 61 trials which referenced a previous study
in support of the active comparator, only 70% (43/
61) showed a statistically significant benefit of the
active comparator.

� Fourteen trials (9%) were designed so the interven-
tion could be declared noninferior despite being
less effective than either placebo or another histor-
ical control.

What is the implication and what should change
now?
� Noninferiority trials require improved design to

ensure new interventions are sufficiently effective.

the trial and its conclusions [2,5,6,21,22]. First, it is mean-
ingless to declare noninferiority of a new intervention when
no prior evidence of effectiveness for its active comparator
exists. In this case there can be no certainty whether the
new intervention is at all effective. Second, an inappropri-
ately wide noninferiority margin may allow a conclusion
of noninferiority despite a worse performance of the new
intervention compared to historical control. Both scenarios
have the potential for the erroneous adoption of ineffective
interventions into routine clinical practice. The aim of this
study was to assess whether noninferiority trials published
in major medical journals were designed to adequately pre-
serve historical treatment effects through the use of appro-
priate active comparators and noninferiority margins.

M. Tsui et al. / Journal of Clini
2. Methods

2.1. Review of noninferiority trials

We utilized noninferiority trials previously described in
a systematic review that addressed the adequacy of report-
ing of these trials [23]. Briefly, articles were initially iden-
tified in a MEDLINE search of titles and abstracts
published in high-impact factor (O10) medical journals
(general or internal medicine) between January 2010 and
May 2015, using the terms ‘‘non-inferior,’’ ‘‘noninferior,’’
‘‘non-inferiority,’’ and ‘‘noninferiority’’. Articles were
eligible for inclusion if they reported results of a random-
ized noninferiority trial and excluded if they were system-
atic reviews, meta-analyses, or commentaries, if the
primary analysis was not for noninferiority, or if the trial
used Bayesian methods. During data extraction and anal-
ysis, we made a post hoc decision to exclude six trials
which included a placebo arm, as the preservation of histor-
ical treatment effects was less relevant in these studies
because the new intervention could be directly compared
to placebo.

For the present study, we extracted data related to the
primary noninferiority comparison for each trial into stan-
dardized, prepiloted forms. We also examined published
protocols and supplementary appendices when these were
referred to in the main text of the article. We used the
following strategy to identify a single primary noninferior-
ity comparison for data extraction when the noninferiority
trial under review had specified multiple primary compari-
sons: (1) if the noninferiority trial had performed sample
size calculation for only one comparison, we used this com-
parison; (2) if the noninferiority trial performed sample size
calculations for multiple comparisons, or if no sample size
calculations were performed, we used the first comparison
listed in the abstract.

One author extracted data from all trials. To assess
agreement among authors, a second author independently
extracted data from a random sample of 17 reports (10%
of all trials). Agreement on data extraction was 98% for
the sample. Any discrepancies in the random sample were
resolved through discussion.
2.2. Review of articles demonstrating effectiveness of
the active comparator

We assessed each noninferiority trial for prior evidence
for the effectiveness of the active comparator (RCTs or
meta-analyses of RCTs, hereafter referred to as ‘‘active
comparator studies’’) by reviewing the reference list and
trial protocol if available. Data from active comparator
studies were extracted onto a second standardized form.
We only considered active comparator studies which
included an outcome which was similar to the primary non-
inferiority endpoint. The outcomes we used for both the
noninferiority trials and their corresponding active compar-
ator study are available in Online Appendix 2. We extracted
the size of the treatment effect of the active comparator vs.
placebo or other historical control, alongside its confidence
interval and P-value, if available. These were extracted for
the outcome that was most similar to the primary noninfer-
iority endpoint.

When noninferiority trials had referenced multiple
studies as evidence for the effectiveness of the active
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comparator, we used a prespecified algorithm to select a
single active comparator study for data extraction. We
opted to select a single RCT or meta-analysis because
combining results from multiple active comparator studies
into a single estimate of effectiveness could have been
problematic because of differences between studies in con-
trol groups or outcome definitions. The algorithm specified
a set of hierarchical criteria on which to select studies.
Studies were compared sequentially for each criterion until
one study was selected. The criteria, in order of rank, were
(1) similarity of the active comparator to that used in the
noninferiority trial (e.g., based on dose); (2) placebo-
controlled studies were preferred over studies which used
a historical treatment for comparison; (3) similarity of the
outcome to that used in the noninferiority trial (e.g., based
on timepoint of the outcome); (4) meta-analyses of RCTs
were preferred over single RCTs; and (5) more recent
studies were preferred to older studies.
2.3. Estimating the percentage of preserved effect of the
active comparator

In the subset of noninferiority trials which referenced an
active comparator study, we assessed the minimum effect
of the active comparator that the new intervention could
preserve while still being declared noninferior (Fig. 1);
we refer to this as the ‘‘percentage of preserved effect’’
(%PE). The %PE is based on the size of the noninferiority
margin (NI margin) and the estimated treatment effect of
Fig. 1. Preservation of the active comparator’s treatment effect through the s
parator’s treatment effect is preserved through the size of the noninferiority
margin)/active comparator effect. The distance between the placebo (orang
comparator effect (effect of the active comparator vs. placebo), and the dista
(NI) margin (brown line) is the maximum amount of the active comparator’s
The distance between the placebo (orange line) and the NI margin (brown
preserved when the intervention is declared noninferior. For example, if the
the noninferiority margin was �2.5 percentage points, the %PE would be %
at least 75% of the active comparator’s effectiveness compared to placebo
color in this figure legend, the reader is referred to the Web version of this
the active comparator vs. placebo or another historical con-
trol (active comparator effect). For absolute differences
(i.e., means, percentages), the %PE is calculated as %PE
5 (active comparator effect þ NI margin)/active compar-
ator effect (where the active comparator effect and the NI
margin are in different directions), and for relative differ-
ences (i.e., hazard, risk, or odds ratios), it is calculated as
ln(active comparator effect þ NI margin)/ln(active compar-
ator effect), where ‘‘ln’’ denotes the natural logarithm [3].
For example, imagine a noninferiority trial designed to
assess a new intervention for prevention of breast cancer
recurrence, where a previous RCT showed the active
comparator increased 5-year survival by 10 percentage
points vs. placebo. If the noninferiority margin for the
new intervention is an absolute difference of �2.5 percent-
age points (i.e., the lower bound of the confidence interval
must be greater than �2.5 percentage points for the new
intervention to be declared noninferior), then %PE 5 (10
þ [e2.5])/10 5 75%, meaning the new intervention must
retain at least 75% of the active comparator’s effectiveness
compared to placebo to be considered noninferior. Howev-
er, if the noninferiority margin for the trial is �12.5 per-
centage points, the %PE 5 �25%, meaning the new
intervention could be worse than placebo and still be
declared noninferior.

A %PE value of 100% indicates a new intervention
would need to completely retain the effect of the active
comparator to be declared noninferior, whereas a value of
0% indicates a new intervention would not need to retain
ize of the noninferiority margin. The amount by which the active com-
margin (%PE) is calculated as: %PE 5 (active comparator effect � NI
e line) and the active comparator (purple line) represents the active
nce between the active comparator (purple line) and the noninferiority
effect that can be lost when the intervention is declared noninferior.

line) is the minimum amount of the active comparator’s effect that is
active comparator was 10 percentage points better than placebo, and
PE 5 (10�2.5)/10 5 75%, meaning the new intervention must retain
to be considered noninferior. (For interpretation of the references to
article.)
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any effect of the active comparator to conclude that it is
noninferior. A negative %PE indicates that the noninferior-
ity margin is so wide that the new intervention could be
declared noninferior despite being worse than the historical
control.

When active comparator studies estimate the active
comparator to be worse than the historical treatment, the
%PE cannot be calculated. In these cases, no matter the size
of the NI margin, the new intervention could be declared
noninferior, while being worse than the historical treatment.
2.4. Outcome measures

Our main outcome measure was the number of trials that
were designed to ensure that interventions could only be
declared noninferior if they were at least 50% as effective
as the active comparator (i.e., preserve at least 50% of
the active comparator’s treatment effect). Although the
amount of treatment effect that should be preserved de-
pends on the clinical context of each new intervention,
our choice of 50% reflects FDA’s recommendation for the
minimum amount of active comparator’s effect to be pre-
served [24]. We classified noninferiority trials as meeting
this outcome if (1) they referenced a previous randomized
trial or meta-analysis of randomized trials which evaluated
the effectiveness of the active comparator; (2) this previous
study found the active comparator to be significantly better
than placebo or another historical treatment; and (3) the
specified noninferiority margin was sufficiently narrow to
preserve at least 50% of the active comparator’s treatment
effect from the previous study (i.e., %PE � 50%).

A secondary outcome measure was the number of trials
which were designed to allow new interventions to be
declared noninferior even if they were less effective than
placebo or another historical control. Noninferiority trials
were classified in this way if (1) the active comparator
was estimated to be worse than placebo or historical control
in a previous active comparator study, regardless of whether
this difference was statistically significant; or (2) the nonin-
feriority margin was so wide that none of the active
comparator’s treatment effect would be preserved (i.e.,
%PE ! 0).
2.5. Sensitivity analyses for outcome measures

We conducted three sensitivity analyses for the two out-
comes listed previously. In the first sensitivity analysis, we
calculated the %PE using the lower confidence interval
limit of the active comparator effect, as is the recommended
approach for determining the noninferiority margin by reg-
ulatory authorities such as the FDA [24]. The use of the
lower confidence interval limit provides a more conserva-
tive estimate of the benefit the active comparator and min-
imizes the likelihood that an ineffective intervention is
declared noninferior.
In the second sensitivity analysis, we restricted the anal-
ysis to noninferiority trials which referenced an active
comparator study. This analysis was performed to investi-
gate whether our results were driven by poor reporting of
previous active comparator studies by noninferiority trials.

Finally, in the third sensitivity analysis, we restricted the
analysis to noninferiority trials, which referenced a single
active comparator study to evaluate whether results may
have been influenced by our algorithm, which selected a
single active comparator study when multiple studies were
referenced.

2.6. Exploratory analysis of association between
justification of noninferiority margin and %PE

As an exploratory analysis, we assessed the association
between justifications for the chosen noninferiority margin
and the %PE. This was restricted to the subset of trials for
which the %PE could be calculated.
3. Results

3.1. Characteristics of included studies

The original MEDLINE search identified 168 eligible
noninferiority trials. We excluded a further six trials which
included a placebo group, leaving 162 trials included in this
review. A list of trials included is available in Online
Appendix 1, and characteristics of included trials are avail-
able in Online Appendix 2.

Of 162 included noninferiority trials, 61 referred to at
least one active comparator study. Forty-three trials refer-
enced a single active comparator study, and 18 trials refer-
ence multiple studies. For these 18 trials, we used our
prespecified algorithm to select a single study for analysis.
The reasons for selection were similarity of the active
comparator (n 5 3), placebo-controlled study (n 5 2), sim-
ilarity of the outcome (n 5 5), meta-analysis (n 5 6), and
most recent study (n 5 2).

Of the 61 selected active comparator studies, 40 were
RCTs (17 placebo control, 23 historical control) and 21
were meta-analyses of RCTs (12 placebo control, nine his-
torical control).

3.2. Outcome measures

Of the 162 noninferiority trials included, only 25 (15%)
were designed so that interventions could only be declared
noninferior if they preserved at least 50% of the active
comparator’s historical treatment effect (main outcome)
(Fig. 2). Overall, 14 trials (9%) were designed so the inter-
vention could be declared noninferior even if it was less
effective than either placebo or another historical control
(secondary outcome). This was because the active compar-
ator was estimated to be worse than placebo or historical
control (n 5 5) or the %PE was !0% (n 5 9).



Fig. 2. Trials designed to preserve at least 50% of the active comparator’s treatment effect (main outcome measure).
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Of note, out of 61 selected active comparator studies,
only 43 (70%) showed a statistically significant benefit of
the active comparator over placebo or historical control,
one study (2%) showed the active comparator was signifi-
cantly worse, 9 (15%) found no statistical difference,
and 8 (13%) did not include sufficient information to
assess this.
3.3. Sensitivity analyses for outcome measures

In our first sensitivity analysis that calculated %PE using
the confidence interval limit toward the null effect for the
active comparator, we excluded 14 trials that did not include
sufficient information to calculate a confidence interval,
Fig. 3. Percentage of effect of active comparator vs. historical control tha
censored to �50%, marked with ‘‘!’’.
leaving 148 trials for analysis. Of these, 8 (5%) were de-
signed so that interventions could only be declared noninfe-
rior if they were at least 50% as effective as the active
comparator. Twenty-nine trials (20%) were designed so the
intervention could be declared noninferior even if it was less
effective than either placebo or another historical control.

Second, restricting the analysis to the set of 61 noninfer-
iority trials, which referenced an active comparator study,
25 (41%) were designed so that interventions could only
be declared noninferior if they were at least 50% as effec-
tive as the active comparator, and 14 (23%) would have al-
lowed interventions to be declared noninferior even if they
were less effective than placebo or another historical
control.
t is preserved by noninferiority margin. Values less than �50% were



Table 1. Association between justification for noninferiority margin and percentage of the active comparator’s treatment effect, which is preserved
by the noninferiority margin

Justification Total (n [ 162) Evaluable %PE Median %PE (IQR)

No justification provided 55 (34) 18 31% (�20% to 58%)

Author’s judgment only 28 (17) 10 38% (17% to 68%)

Judgment of independent experts 13 (8) 1 21% (NA)

Based on effect size from active
comparator study

22 (14) 19 60% (46% to 71%)

Statistical or clinical justification based
on other sources

20 (12) 0 NA (NA)

Margin recommended by disease-specific
guidelines

13 (8) 4 54% (�280% to 70%)

Othera 11 (7) 4 43% (�12% to 62%)

Abbreviations: %PE, % preserved effect; IQR, interquartile range.
Interquartile ranges were calculated for categories with four or more trials.
a Other justifications include statistical reasoning of authors not supported by references, margins used in previous similar noninferiority trials,

feasible sample size calculations, and special protocol authorization from regulatory agency.
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Finally, further restricting the analysis to the 43 nonin-
feriority trials, which referenced a single active comparator
effect study, these numbers were 17 (40%) and 10 (23%).
3.4. Exploratory analysis of association between
justification of noninferiority margin and %PE

Fifty-six noninferiority trials had a calculable %PE and
were included in this analysis. The median %PE among in
these trials was 54% (IQR 21% to 67%) (Fig. 3). In nine
trials (16%) the %PE was !0; the %PE was only O75%
in six trials (11%).

The median %PE was 31% (IQR �20% to 58%) for tri-
als that offered no justification for their margin and 38%
(17% to 68%) for trials that relied on authors’ clinical judg-
ment only (Table 1). Conversely, trials that based their
margin on an active comparator study had a median %PE
of 60% (46% to 71%).
4. Conclusions

We found that few noninferiority trials (15%) were de-
signed so that interventions could only be declared noninfe-
rior if they preserved at least 50% of the active
comparator’s historical treatment effect. Furthermore, 9%
of trials were designed so interventions could be declared
noninferior even if they were less effective than either pla-
cebo or another historical control. A common assumption
of noninferiority trials is that interventions found to be non-
inferior are effective and acceptable use clinical use. How-
ever, our results cast doubt on this assumption; a finding of
noninferiority would not indicate the intervention is effec-
tive in most cases. These results were driven by the use
of active comparators for which effectiveness had not been
demonstrated and the use of inappropriately wide noninfer-
iority margins.
The use of active comparators, which have not been
shown to be effective in previous RCTs complicates a non-
inferiority finding in most instances, as there is no certainty
whether the new intervention is at all effective; both treat-
ments may be equally ineffective. Some trials may have not
referenced active comparator studies even if they existed,
and so we may have overestimated the extent of this issue.
In these instances, it is difficult to disentangle poor method-
ological design from incomplete reporting. This demon-
strates the importance of good reporting [25,26].
However, we found that only 41% of trials, which reported
an active comparator study, were designed to preserve at
least 50% of its treatment effect, indicating that incomplete
reporting may only be a small part of the problem.

In some settings, the standard of care may not have been
shown to be effective in previous RCTs. Investigators may
feel that using a different control arm to the standard of
care is unethical, but that a noninferiority design is still
appropriate because of other benefits of the intervention,
such as reduced costs or ease of administration. There is lit-
tle consensus as to whether noninferiority is the most
appropriate design in this setting; however, if it is used then
investigators should clearly report that the active control
has not been previously shown to be effective, and that a
noninferiority finding does not necessarily indicate
effectiveness.

Many trials used a noninferiority margin that was too
wide to ensure preservation of a sufficient proportion of
the active comparator’s effectiveness. For some trials, the
noninferiority margin was wide enough to allow the new
intervention to be declared noninferior even if it was no
better than placebo or another historical control. The use
of inappropriately wide margins seems to be driven in part
by the way that noninferiority margins are selected. We
found that over half of all trials offered no justification
for their margins or relied solely on the authors’ own judg-
ment, the latter of which were often vague and did not
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clarify why the chosen margin was clinically meaningful.
Furthermore, few trials that referenced an active compar-
ator study chose their margin based on this effect.

There were several limitations to our study. First, it is
difficult to distinguish to what extent our results were
driven by incomplete reporting of active comparator studies
rather than by poor methodological design. Had previous
active comparator studies been more completely reported,
our results would likely have shown a higher proportion
of trials designed to preserve the active comparator’s treat-
ment effect. We note, however, that even among trials re-
porting previous active comparator studies, most were not
designed to preserve the active comparator’s treatment ef-
fect. Second, the prespecified algorithm we used to select
a single active comparator study for analysis was designed
based on the factors we felt were most important (e.g., sim-
ilarity of active comparators), which is subjective. Had the
algorithm been designed differently, our results may have
differed. However, the algorithm was only necessary in a
small number of trials (n 5 18), and our third sensitivity
analysis that limited our sample to trials with only a single
active comparator study showed almost identical results.
Finally, the cutoff we used to define the adequate preserva-
tion of the active comparator’s treatment effect (O50%)
was subjective. In some settings, preserving less than
50% of the treatment effect may be clinically acceptable,
whereas in others it may not be sufficient.

In conclusion, we found the design of most noninferiority
trials in this review could allow erroneous declarations of
noninferiority. This was driven by use of active comparators
for which effectiveness had not been demonstrated and se-
lection of inappropriately wide noninferiority margins.
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