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Noninferiority clinical trials have become a major tool for 
the evaluation of drugs, devices, biologics, and other medical treatments. 
Treatment with placebo or with a no-treatment control in a study is not 

ethical when an effective treatment has already been established. Effective medical 
treatments exist for many medical conditions and are the relevant bar to be sur-
passed by a new treatment. Although some new treatments offer greater efficacy, 
others may promise greater safety or convenience, or less expense, while providing 
similar efficacy. The concept of a good substitute was the original rationale for the 
design of noninferiority trials (i.e., to evaluate a new treatment for efficacy similar 
to that of an established treatment). Recently, noninferiority trial methods have 
also been applied in evaluating whether an effective treatment is safe enough. The 
number of randomized trials assessing noninferiority increased by a factor of 6 in 
a decade — in 2005, just under 100 trials were listed in MEDLINE under the general 
rubric of “noninferiority,” whereas in 2015, there were almost 600 such trials. 
These trials span multiple medical and surgical disciplines and diverse treatment 
strategies.

In this article, we provide a framework for considering the features, including 
pitfalls, of noninferiority studies. We use cardiovascular treatment trials as exam-
ples, although noninferiority trials can be conducted in many fields. These trials 
include studies designed for regulatory approval of new therapies and trials de-
signed to compare established treatments. In addition, we consider the application 
of noninferiority concepts and design to emerging areas of clinical investigation. 
The term “placebo” is used to denote either a true placebo or a no-treatment con-
trol in situations in which a true placebo is not available.

A Fr a me wor k for Noninfer ior i t y S t udies

Assessing noninferiority in a trial is more complex than assessing superiority, in 
both the design and analysis phases. Although it is not statistically possible to 
prove that two treatments are identical, it is possible to determine that a new treat-
ment is not worse than the control treatment by an acceptably small amount, with 
a given degree of confidence. This is the premise of a randomized, noninferiority 
trial. The null hypothesis in a noninferiority study states that the primary end 
point for the experimental treatment is worse than that for the positive control 
treatment by a prespecified margin, and rejection of the null hypothesis at a pre-
specified level of statistical significance is used to support a claim that permits a 
conclusion of noninferiority.1-3 Figure 1 outlines the statistical evaluation to be 
used and the range of possible outcomes for a trial designed to demonstrate non-
inferiority. If the confidence interval for the study results excludes the prespecified 
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margin (i.e., the noninferiority margin, also 
called “delta”), then the conclusion is made that 
the test treatment is noninferior to the active 
control. Traditionally, the confidence interval is 
a 97.5% one-sided or 95% two-sided interval, al-
though sometimes regulatory bodies have agreed 
to allow 95% one-sided intervals for evaluation 
of medical devices. For simplicity, the confi-
dence intervals in Figure 1 are all two-sided.

Necess a r y Fe at ur es  
of Noninfer ior i t y S t udies

The following major components of noninferior-
ity study design are listed in Table 1. First, the 
foundation of the noninferiority trial is one or 

more prior randomized trials evaluating the su-
periority of the active control over placebo. Sec-
ond, an end point is selected, and on the basis 
of prior experience, the expected performance of 
the active control is derived.

Third, an acceptable noninferiority margin is 
defined during the design phase, which preserves 
a minimum clinically acceptable proportion of 
the effect of the active treatment as compared 
with placebo. This margin cannot be greater than 
the smallest effect size for the active treatment 
that would be expected in a placebo-controlled 
trial.1

A variety of statistical methods are used to 
derive the margin. One common approach is to 
establish a fixed margin5 based on estimates 
of the effect of the active comparator in previous 
studies. The noninferiority study will be success-
ful if the results rule out with a sufficient level 
of confidence the possibility that the test treat-
ment performs worse than the active control by 
the specified margin. In the fixed-margin ap-
proach, previous studies comparing the active 
control with placebo are used to derive a single 
fixed value for the margin. The value recom-
mended in recent guidance from the Food and 
Drug Administration (FDA)5 is the lower bound 
of the 95% confidence interval around the treat-
ment effect of a single placebo-controlled trial 
or a meta-analysis of such trials, though non-
inferiority trials are sometimes designed to 
preserve a specific proportion of the observed 
treatment effect of the active control.1 The syn-
thesis method, an alternative to the fixed-margin 
method, uses the same approach as the fixed 
method and also accounts for the variability of 
the treatment effect of active control versus pla-
cebo in determining the margin.5

Fourth, considerations about the comparator 
must apply. The study must be designed to ade-
quately distinguish between effective and inef-
fective therapies, also described as preserving 
assay sensitivity. More specifically, one would 
want to be assured that if a placebo had been 
included, the study design and conduct would 
have allowed the active control to be shown to 
be superior to the placebo. This may be difficult 
to prove within the study, since a placebo group 
is rarely included, for ethical reasons.

However, this leads to the fifth necessary fea-
ture of a noninferiority trial — namely, the de-
sign of the new trial preserves the conditions of 

Figure 1. Hypothesis Testing in Noninferiority Trials.

In a noninferiority trial, the null hypothesis states that the primary end point 
for the new treatment is worse than that of the active control by a prespeci-
fied margin, and rejection of the null hypothesis at a prespecified level of 
statistical significance permits a conclusion of noninferiority. In the example 
shown, the outcome of interest is a proportion (P) of events that are clinical-
ly undesirable (e.g., myocardial infarction). The x axis shows the ratio of pro-
portions (test treatment, or PT, vs. active control, or PC). The statistical proce-
dure to test for noninferiority is a one-sided test at an alpha level of significance. 
Equivalently, one can compute a confidence interval as 100 × (1 − 2α). For this 
example, if the upper limit of the confidence interval for the relative risk 
PT/PC is less than the margin (shown as a ratio of 1.2), then with 97.5% 
percent confidence, we can say that the active control is more efficacious 
than the test treatment by no more than the margin, or that the treatment 
is noninferior to the active control. There are five potential outcomes of 
this design (shown with two-sided 95% confidence intervals for simplicity). 
Noninferiority and superiority of the test treatment are demonstrated if the 
confidence interval for the ratio between treatments is less than 1, even 
though a confidence interval that excludes 1 is not necessary to conclude 
noninferiority. If the confidence interval for the ratio does not exceed the 
prespecified margin, noninferiority is demonstrated. Paradoxically, both 
noninferiority and inferiority are demonstrated if the statistical test for non-
inferiority is met but the confidence interval is above 1. The results are in-
conclusive if the confidence interval includes the noninferiority margin and 
does not exclude 1, a finding that suggests an underpowered comparison. 
Inferiority of the test treatment is shown if the confidence interval excludes 
1 and the treatment effect favors the active control.
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the trial in which the active control was shown 
to be effective; this is called the “constancy as-
sumption.” An appropriate metric must be used 
in the noninferiority trial. Because the choice 
between relative and absolute effects can affect 
both power and validity, this choice must be 
carefully considered in the design phase of the 
study. Figure 1 presents relative risk as the met-
ric for the statistical evaluation. However, there 
are other ways of evaluating proportions, such as 
calculation of an odds ratio, hazard ratio (in a 
time-to-event study), or absolute risk difference. 
For example, if the proportion of events (an ad-
verse outcome) in the control group is PC and the 
proportion of events in the treatment group is 
PT, and if the respective values for PC and PT are 
0.20 and 0.40 in one study and 0.10 and 0.20 in 
another, the relative risk, PC/PT, is 0.5 in both, 
yet the risk differences are 20 percentage points 

and 10 percentage points, respectively. In a re-
cent trial,6 which evaluated the noninferiority of 
a reduced duration of dual antiplatelet therapy 
after placement of coronary stents, the difference 
between absolute and relative differences was 
pronounced and made it difficult to conclude 
noninferiority, given a shift from the intended 
study population to a lower-risk population. The 
expected rate of the composite primary end point 
of death, myocardial infarction, stent thrombo-
sis, stroke, or major bleeding was 10%, and the 
margin of noninferiority for the risk difference 
was 2 percentage points (equivalent to a 20% 
relative risk), yet the observed rate of the end 
point in the control group was only 1.6% be-
cause of enrollment of lower-risk participants 
than anticipated, as well as early termination of 
the study. Statistically, the noninferiority test ex-
cluded the margin of 2 percentage points (upper 

Consideration Explanation Challenges

Active control Select active control on the basis of a previous ran-
domized superiority trial comparing active control 
with placebo; active control represents current 
standard of care

Placebo-controlled trials may not have been performed

End-point selection Is the end point clinically relevant, and are there his-
torical data comparing the active control with pla-
cebo for the selected end point?

Composite end points may be difficult to interpret; the 
relevance of end points may change in the course of 
follow-up

Choice of noninferiority 
margin

Is the margin less than the treatment effect of the ac-
tive control versus placebo? Is there consensus 
about the margin of reduced effectiveness that is 
still acceptable in light of potential benefits (e.g., 
improved safety, lower cost, lower risk of side 
 effects)?

It is important not to accept new therapies that are less 
effective over time than previous therapies (known as 
“biocreep”*); historical data are not always available 
to determine the difference between placebo and con-
trol (e.g., in the case of antiinfective agents)

Assay sensitivity If the active control were compared with placebo, 
would superiority be evident?

A “positive control” usually cannot be assessed in the 
study, since placebo is not feasible or ethical

Constancy and metrics Have the conditions changed between the trial estab-
lishing superiority of the active control over place-
bo and the noninferiority trial? What type of metric 
(between-group difference in absolute risk or rel-
ative risk) is more likely to be constant between 
studies and therefore a reliable metric for com-
parison and margin definition?

Characteristics of the study population or concomitant 
therapies may have changed since the effect of active 
therapy was established, making a determination of 
noninferiority unreliable; constancy is not always pres-
ent for absolute effects; a lower-than-expected event 
rate may make a risk-difference margin clinically inap-
propriate if viewed from a relative-risk perspective; a 
higher-than-expected event rate may result in lower-
than-expected power

Execution Are the assigned treatments administered adequately? 
Is ascertainment of the end point accurate and 
complete?

Lack of attention to execution in the control group or mis-
classification or missing data on the end point may 
bias the study toward a conclusion of noninferiority

Analysis If treatment crossover or nonadherence occurs, what  
is the appropriate analysis (intention-to-treat or 
per-protocol)?

Treatment crossover may bias an intention-to-treat analy-
sis toward a conclusion of noninferiority, but a per-
protocol analysis may also introduce bias, since base-
line characteristics are no longer balanced between 
study groups

*  Biocreep was defined in a 1992 “Points to Consider” Food and Drug Administration briefing document.4

Table 1. Features of Noninferiority Studies.
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limit of the one-sided 95% confidence interval 
[CI] for the difference between groups, 0.5%; 
P<0.001), but the noninferiority margin of 2 per-
centage points represented acceptance of a rate of 
adverse events that was 3 times as high in the 
treatment group as in the control group.6 The 
investigators were therefore careful to avoid con-
cluding that the experimental treatment was 
noninferior, despite a significant P value for the 
statistical test of noninferiority.

The sixth component of noninferiority trials 
is adequate execution of the trial and ascertain-
ment of outcomes. Incomplete or inaccurate as-
certainment of outcomes, as a result of loss to 
follow-up, treatment crossover or nonadherence, 
or outcomes that are difficult to measure or sub-
jective, may cause the treatments being compared 
to falsely appear similar.

Finally, noninferiority designs raise analytic 
questions that may differ from those in a supe-
riority study. In a superiority study, an intention-
to-treat analysis (in which all patients who re-
ceived the experimental treatment, even if only 
one dose, are included in the statistical tests for 
superiority) is used. In a noninferiority study, 
however, if some patients did not receive the full 
course of the assigned treatment, an intention-
to-treat analysis may produce a bias toward a 
false positive conclusion of noninferiority by nar-
rowing the difference between the treatments. 
In some instances, a per-protocol analysis, which 
excludes patients who did not meet the inclusion 
criteria or did not receive the randomized, per-
protocol assignment, may be preferable in a non-
inferiority trial. However, a per-protocol analysis 
may include fewer participants and introduce 
postrandomization bias. In general, both the 
intention-to-treat and per-protocol data sets are 
important. We suggest analyzing both sets and 
examining the results for consistency. Further-
more, careful consideration and sensitivity analy-
ses may be needed before drawing conclusions 
about noninferiority.

Speci a l Ch a llenges  
w i th Noninfer ior i t y Design

A few challenging aspects of noninferiority de-
sign deserve mention. Even if there is no placebo 
group, an implicit superiority comparison be-
tween the test treatment and placebo underpins 

the noninferiority trial. Three-group studies that 
include a placebo group may allow an explicit 
comparison, but practical or ethical reasons often 
preclude randomized assignment to placebo, and 
instead historical data must be relied on for the 
placebo comparison. In some cases, historical 
data for a placebo treatment are not available. In 
these cases, less effective treatments may stand 
in for placebo to identify the expected benefit of 
the active control on which to base the noninfe-
riority margin. In studies of stroke prevention, 
aspirin has been the comparator for warfarin 
(the active control), and trials comparing warfa-
rin with aspirin provide estimates of a treatment 
effect used to set noninferiority margins for 
novel oral anticoagulants. In the case of coro-
nary stents, bare-metal stents have been used as 
the reference for the treatment effect of approved 
drug-eluting stents (the active control) in studies 
of new drug-eluting stents. Treatment strategies 
such as percutaneous coronary intervention (PCI) 
for left main coronary artery disease and trans-
catheter therapy for valvular heart disease have 
been compared with surgery, and patients receiv-
ing medical therapy have served as a reference 
group for the treatment effect of surgery. Anti-
infective therapies are an example of an area of 
investigation in which no placebo comparisons 
are available.7 Finally, in setting the sample-size 
goal, the noninferiority margin should not be 
“back calculated” solely from a feasible sample 
size. To do so may sufficiently exclude the chosen 
margin but will not necessarily reflect a conclu-
sion of noninferiority that is clinically meaningful.

Noninferiority cannot be established on the 
basis of the absence of a significant difference 
between treatments in a superiority study. A su-
periority trial may fail to reject the null hypoth-
esis because of lack of power (due to a small 
sample) and should not be used to support a 
claim of no difference. As the traditional dictum 
states, “absence of evidence does not constitute 
evidence of absence.” For example, multiple under-
powered trials (studies with <800 participants) 
showed no significant difference between strep-
tokinase and placebo for the treatment of acute 
myocardial infarction,8 yet an adequately pow-
ered trial (with >17,000 participants) showed that 
streptokinase was superior in reducing the out-
come of vascular mortality.9 Although meta-
analysis is frequently used to combine data from 
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underpowered studies, heterogeneity and sources 
of statistical bias can make the results difficult 
to interpret10; therefore, meta-analysis is a poor 
substitute for a randomized trial with an ade-
quate sample size.

E x a mples of Noninfer ior i t y 
Tr i a l s

Evaluation of Efficacy
ARISTOTLE, RE-LY, and ROCKET AF Trials

In patients with atrial fibrillation, warfarin reduces 
the risk of stroke, as compared with placebo or 
aspirin, but is associated with an increased risk 
of bleeding and requires frequent blood testing 
to ensure a therapeutic effect. Several new oral 
anticoagulant agents are associated with a lower 
risk of bleeding and offer greater convenience, 
since they do not require blood testing. These 
agents have recently been examined and ap-
proved by the FDA on the basis of three large 
noninferiority trials comparing the oral anti-
coagulants with warfarin for the prevention of 
stroke or thromboembolism: ARISTOTLE (Apixa-
ban for Reduction in Stroke and Other Throm-
boembolic Events in Atrial Fibrillation), RE-LY 
(Randomized Evaluation of Long-Term Antico-
agulant Therapy), and ROCKET-AF (Rivaroxaban 
Once Daily Oral Direct Factor Xa Inhibition 
Compared with Vitamin K Antagonism for Pre-
vention of Stroke and Embolism Trial in Atrial 
Fibrillation).11-13

Prior randomized trials of warfarin versus 
aspirin provided the expected rate of stroke or 
systemic thromboembolism.14 The noninferiority 
trials compared new anticoagulants with warfa-
rin in study populations ranging from 14,264 to 
18,261 participants randomly assigned to treat-
ment groups, with the relative risk of stroke or 
thromboembolism as the primary end point and 
a relative noninferiority margin of less than 1.4. 
The upper bounds of the one-sided 97.5% confi-
dence interval for the relative risk in each study 
ranged from 0.95 to 1.11, falling below the pre-
specified margin and supporting the conclusion 
of noninferiority in each trial. These studies also 
showed less frequent intracranial hemorrhage, 
which, along with greater convenience for pa-
tients, has led to the replacement of warfarin 
with these new anticoagulants as first-line ther-

apy to prevent stroke in many patients with atrial 
fibrillation.

PARTNER, CoreValve, and SURTAVI Trials
Severe aortic stenosis is associated with heart 
failure and death if untreated, and surgical aortic-
valve replacement (SAVR) is effective in many pa-
tients. The availability of valves that can be placed 
by means of a catheter rather than sternotomy 
has recently allowed a less invasive approach to 
treatment. Beginning with the CoreValve and 
PARTNER 2 (Placement of Aortic Transcatheter 
Valves 2) studies, which involved patients with 
severe aortic stenosis who were unlikely to sur-
vive surgical repair because of additional medi-
cal conditions and advanced age, transcatheter 
aortic-valve replacement (TAVR) was shown to be 
superior to balloon aortic valvuloplasty, a pallia-
tive procedure, with respect to the reduction in 
mortality (Fig. 2).15-18 Studies have subsequently 
progressed to examine TAVR in patients who are 
candidates for surgery, as well as in younger 
patients, when a less invasive procedure with 
similar efficacy might be preferable. In patients 
with an intermediate risk of death as a result of 
surgery (4 to 8% predicted risk), a relative mar-
gin of 1.2 was prespecified for the primary com-
posite end point of the relative risk of death or 
disabling stroke at 2 years in the PARTNER 2A 
trial. The observed hazard ratio was 0.89, and 
the upper bound of the 95% confidence interval 
(1.09) was lower than the margin of 1.2, show-
ing noninferiority. In fact, in a prespecified sub-
group of patients in whom femoral access was 
feasible for TAVR, that procedure was shown to be 
superior to surgery.18 Similarly, in the SURTAVI 
(Surgical Replacement and Transcatheter Aor-
tic Valve Implantation) trial, conducted among 
patients with a predicted operative mortality of 
3 to 15%, placement of a transcatheter valve was 
shown to be noninferior to surgery, with an 
absolute risk difference of 7 percentage points 
(i.e., a margin of 7 percentage points over the 
expected end-point rate of 14% with surgery).19 
Studies currently under way are examining the 
noninferiority of TAVR as compared with SAVR 
in patients at even lower risk for complications 
(ClinicalTrials.gov numbers, NCT02701283 and 
NCT02675114). The extended follow-up in these 
studies will be of particular importance for these 
healthier cohorts.
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Trials such as these, which compare very dif-
ferent types of procedures, are susceptible to 
imbalances in treatment adherence and follow-
up because some participants may have a strong 
preference for one therapy and because blinding 
is not feasible.11,12 Although investigators seek to 
minimize such imbalances with careful informed 
consent, the problem cannot be prevented alto-
gether. Since incomplete treatment adherence 
could bias results toward a conclusion of non-
inferiority, analyses of both the intention-to-treat 
cohort and the cohort restricted to participants 
who received the assigned therapy (the as-treated 
cohort) have been important for these studies. In 

the PARTNER 2A trial, nonadherence to the ran-
domly assigned treatment differed by a factor of 
more than 4 between the two studies (7.5% in 
the SAVR group vs. 1.7% in the TAVR group), but 
the results in the intention-to-treat and as-treated 
cohorts were largely similar, with both analyses 
excluding the prespecified margin of 1.2 for non-
inferiority (relative risk in the intention-to-treat 
cohort, 0.92; 95% CI, 0.77 to 1.09; P = 0.001 for 
noninferiority; and relative risk in the as-treated 
cohort, 0.90; 95% CI, 0.75 to 1.08; P<0.001 for 
noninferiority). Similarly, in the SURTAVI trial, a 
modified intention-to-treat analysis, which ex-
cluded patients in whom the assigned procedure 

Figure 2. Progression from Superiority Trials to Noninferiority Trials for the Evaluation of Transcatheter Aortic Valves.

A series of trials have been designed to compare transcatheter aortic-valve replacement (TAVR) with the standard of 
care in patient populations with progressively lower surgical risk. The studies shown in gray are superiority studies 
that enrolled patients with risk factors prohibiting surgery. In these studies, which compared the outcome after TAVR 
with the outcome after a palliative procedure, mortality was lower with TAVR. The studies shown in yellow are non-
inferiority studies involving patients at lower operative risk. These studies show the noninferiority of TAVR as com-
pared with surgical aortic-valve replacement (SAVR). Expected rates are shown for the PARTNER 3 trial,20 which is still 
enrolling patients, and are not available for the CoreValve 2017 trial,21 which is also still enrolling patients. PARTNER 
denotes Placement of Aortic Transcatheter Valves, and SURTAVI Surgical Replacement and Transcatheter Aortic 
Valve Implantation.
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was not attempted, was used as the primary 
analysis, and the results were consistent with the 
results of the intention-to-treat analysis.19 Mea-
sures to address missing data can also be impor-
tant in this scenario. Because an analysis exclud-
ing patients who did not receive the assigned 
treatment may introduce imbalances in patient 
characteristics between the randomized study 
groups, imputing results to allow a complete 
intention-to-treat analysis is an additional impor-
tant method that may be used to avoid bias.22,23

EXCEL and NOBLE Trials
Revascularization with coronary-artery bypass 
grafting (CABG) in patients with left main coro-
nary artery disease was established as superior to 
medical therapy in randomized trials conducted 
in the 1970s, with an approximate 7-year increase 
in median survival with surgery.24 PCI for treat-
ment of the left main coronary artery has be-
come safer and more common with the use of 
current coronary stents and procedural tech-
niques. Subgroup analyses in randomized trials 
comparing coronary stenting with CABG for 
revascularization of the left main coronary artery 
showed no significant increase in major adverse 
cardiac events, a shorter recovery time, and pos-
sibly a lower periprocedural risk of stroke with 
stenting25,26; therefore, clinical recommendations 
have been broadened to accommodate percuta-
neous treatment.25-27

EXCEL (Evaluation of XIENCE versus Coro-
nary Artery Bypass Surgery for Effectiveness of 
Left Main Revascularization) was a noninferior-
ity trial designed specifically to evaluate PCI ver-
sus CABG for left main coronary-artery steno-
sis.28 The primary end point was a composite of 
death, stroke, or myocardial infarction. The study 
investigators concluded that the results showed 
the noninferiority of PCI at a median follow-up 
of 3 years. The Nordic–Baltic–British Left Main 
Revascularization (NOBLE) trial (NCT01496651) 
was also a noninferiority trial designed to evalu-
ate PCI versus CABG for left main coronary 
artery disease, but the composite end point was 
death, stroke, myocardial infarction, or revascu-
larization, assessed at 5 years. The investigators 
did not conclude that PCI was noninferior and 
also concluded that CABG was superior. In EXCEL, 
at 1 month, patients who underwent PCI had a 
lower rate of periprocedural myocardial infarc-
tion, and therefore a lower rate of the composite 

primary end point, than patients who underwent 
CABG. After 3 years, however, the rate of spon-
taneous myocardial infarction was higher among 
the patients treated with PCI than among those 
treated with CABG (Fig. 3). Nonetheless, since the 
overall rate of the primary end point at 3 years 
did not differ significantly between the two treat-
ment groups and excluded the prespecified mar-
gin, the investigators concluded that the study 
showed the noninferiority of PCI. The NOBLE 
trial results, with a 5-year follow-up period, 
showed a higher primary end-point rate for PCI 
than for CABG (29% vs. 19%), driven by non-
procedural myocardial infarction and revascular-
ization; the criterion for noninferiority of PCI 
was not met, and the investigators concluded that 
the results showed the superiority of CABG.29 The 
longer follow-up and more inclusive end point in 
the NOBLE trial contributed to the difference 
in the conclusions between this trial and the 
EXCEL trial. Thus, the components of the com-
posite clinical outcome and the timing of the 
outcome assessment are important in interpret-
ing the study results and explaining expected 
treatment results to patients.

Evaluation of Safety

A noninferiority study design is increasingly be-
ing used to evaluate the safety of new therapeu-
tics. A particular challenge in noninferiority de-
sign for safety studies is that there are usually no 
reasonable data to justify the margin for safety. 
Instead, the study’s clinical advisors must decide 
what level of adverse events is acceptable. That 
level might vary according to the severity of the 
events, the absolute risk for the patient popula-
tion, and the expected benefit of the treatment 
in question. In the PRECISION (Prospective Ran-
domized Evaluation of Celecoxib Integrated Safe-
ty versus Ibuprofen or Naproxen) trial, which 
evaluated the noninferiority of celecoxib to 
naproxen for the treatment of arthritis, a relative 
margin of 1.33 was chosen on the basis of an 
expected annualized risk of 2% for the primary 
composite end point of death from cardiovascu-
lar causes (including hemorrhage), nonfatal myo-
cardial infarction, or nonfatal stroke.30 Although 
this was a three-group trial, the third group did 
not receive placebo but instead received ibupro-
fen, as a second noninferiority comparator for 
celecoxib. During the 10-year study period, the 
rate of treatment discontinuation was nearly 
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80%, showing that drug trials may also be sus-
ceptible to incomplete treatment adherence. None-
theless, in both the primary intention-to-treat 
analyses and secondary “on treatment” analyses, 
celecoxib was noninferior to naproxen and to 
ibuprofen.

An additional challenge arose when the actual 
risk of the vascular outcome in the study popula-
tion was noted to be half the expected risk. Al-
though the use of a relative noninferiority mar-
gin would have preserved the validity of a test of 
noninferiority in this lower-risk population, the 

Figure 3. Influence of Timing and End-Point Composition in Noninferiority Trials of Left Main Coronary-Artery 
 Revascularization.

Two trials comparing percutaneous coronary intervention (PCI) with coronary-artery bypass grafting (CABG) have 
yielded different conclusions. In the EXCEL trial (Evaluation of XIENCE versus Coronary Artery Bypass Surgery for 
Effectiveness of Left Main Revascularization), the secondary composite end point was death, stroke, or myocardial 
infarction at 30 days, and the primary composite end point was death, stroke, or myocardial infarction at 3 years. 
The noninferiority margins for the absolute difference between groups at 30 days and 3 years were 2.0 percentage 
points and 4.2 percentage points, respectively, which translate roughly to margins of 1.67 and 1.38 for the relative 
difference between groups. In the NOBLE trial (Nordic–Baltic–British Left Main Revascularization), the composite 
primary end point was death from any cause, nonprocedural myocardial infarction, any coronary revascularization, 
or stroke. Although the noninferiority margins were roughly similar in the two trials, the EXCEL results led to the 
conclusion that PCI was superior to CABG at 30 days and was noninferior at 3 years, and the NOBLE findings, based 
on longer follow-up and a more inclusive primary end point, led to the conclusion that CABG was superior at 5 years. 
In the EXCEL trial, the early benefit of PCI was due to avoidance of periprocedural infarction. The late benefit of CABG, 
on the basis of extended follow-up, was largely due to lower rates of spontaneous myocardial infarction (not shown: 
4.3% with PCI vs. 2.7% with CABG; hazard ratio with PCI, 1.60; 95% confidence interval [CI], 0.95 to 2.70; P = 0.07 for 
the superiority of CABG) and revascularization (12.9% vs. 7.6%; hazard ratio, 1.72; 95% CI, 1.27 to 2.33; P<0.001 for 
the superiority of CABG). Similarly, the NOBLE trial showed that PCI, as compared with CABG, was associated with 
higher rates of nonprocedural myocardial infarction (7% vs. 2%; hazard ratio, 2.88; 95% CI, 1.40 to 5.90; P = 0.004 
for the superiority of CABG) and revascularization (16% vs. 10%; hazard ratio, 1.50; 95% CI, 1.04 to 2.17; P = 0.03 for 
the superiority of CABG) at 5 years, leading to the conclusion that CABG was superior (rate of major adverse cardio-
vascular and cerebrovascular events, 29% with PCI vs. 19% with CABG; hazard ratio, 1.48; 95% CI, 1.11 to 1.96; 
P = 0.007 for the superiority of CABG).
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data and safety monitoring board recognized 
that the study would be underpowered on the 
basis of an examination of the aggregate event 
rate (without consideration of the blinded results 
according to treatment group), and the sample 
size was therefore augmented from a planned 
enrollment of approximately 20,000 participants 
to an eventual enrollment of 24,081 participants. 
Finally, because a placebo control is not feasible 
in a study involving patients with chronic pain, 
the PRECISION trial does not show that there is 
no increase in cardiovascular risk with any of 
these medications (i.e., that the medications are 
noninferior to placebo). Although extending the 
framework for noninferiority studies of efficacy 
to evaluate safety can be challenging for a host 
of reasons, the concept of excluding a prespeci-
fied margin remains empirically helpful.

Ne w Tr i a l Me thods a nd Their 
Effec t on Noninfer ior i t y 

S t udies

Simplifying trial conduct (reducing the number 
of contacts with participants and the number of 
outcomes assessed) benefits both superiority and 
noninferiority trials by allowing more reliable 
ascertainment of a larger sample and may re-
duce the bias introduced by missing data.31 How-
ever, pragmatic trials that obtain follow-up data 
from routine clinical care may have imbalances 
in treatment adherence or imprecise end-point 
ascertainment, problems that are of particular 
concern in noninferiority studies. Patient input 
into trial design may be particularly valuable for 
noninferiority trials. Given the importance of 
shared decision making in clinical practice, we 
believe patients’ preferences should be incorpo-
rated into both the prespecification of an accept-
able margin based on anticipated benefits and 
risks and the implementation of study results. 
Finally, noninferiority studies may be used in 
comparative effectiveness or health services re-
search. Within the framework of value-based 
health care,32 evaluating the outcome of treat-
ment in noninferiority designs separately from 
costs may provide greater reassurance that clini-
cal outcomes remain acceptable or better while 
efficiencies are provided. Beyond randomized 
studies, observational data analysis33-35 and meta-
analysis may include testing of noninferiority 
hypotheses, and prespecification of both the 

hypothesis and the margin of noninferiority im-
proves the validity of such investigations. Equiva-
lence studies have recently been used in testing 
biologic agents for similarity to approved agents, 
with testing for both noninferiority and non-
superiority as part of the primary analysis.36-38

Improv ing Noninfer ior i t y 
Tr i a l s

Standards for the design and reporting of supe-
riority trials have been widely disseminated, but 
adherence to these standards is not universal.39 
Furthermore, unique challenges continue to 
emerge for noninferiority trials as their uses be-
come both more common and more diverse. The 
CONSORT (Consolidated Standards of Report-
ing Trials) group, the FDA, and the European 
Medicines Agency have promoted specific stan-
dards for noninferiority trials (Table 2).5,40,41 We 
recommend additional attention to the follow-
ing items.

First, noninferiority trials should provide an 
explicit justification of the acceptable margin 
that is based on a measured or anticipated benefit 
of the experimental treatment. Some approaches 

CONSORT* recommendations40

State hypothesis in terms of noninferiority

Justify choice of noninferiority margins

Describe results with confidence limits for difference or ratio

Food and Drug Administration recommendations5

Assess whether active control performed as expected (i.e., determine assay 
sensitivity)

Be sure noninferiority margin is not larger than the expected difference be-
tween active control and placebo

European Medicines Agency recommendations41

Make sure the data set for the full analysis, based on the intention-to-treat 
principle, and the data set for the per-protocol analysis have equal impor-
tance, and that their use will lead to similar conclusions for a robust inter-
pretation

Additional recommendations

Compare the noninferiority margin with the expected benefit during design 
and interpretation

Avoid using composite end points that include discordant components

Perform a sensitivity analysis for missing data (e.g., multiple imputation)22

*  CONSORT denotes Consolidated Standards of Reporting Trials.

Table 2. Recommendations for the Design, Reporting, and Interpretation  
of Noninferiority Trials.
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that may be considered include incorporating 
decision analysis (population or policy perspec-
tive) or patient questionnaires designed to con-
sider how the noninferiority margin and expected 
benefit are balanced, rather than relying solely 
on the empiricism of the study investigators or 
the current expectations of the physician com-
munity. Second, we recommend caution when 
considering composite end points that may in-
clude components with discordant benefits and 
risks. Finally, although avoidance of missing data 
is an important goal, sensitivity analysis regard-
ing missing data (e.g., with the use of multiple 
imputation) should be strongly considered in the 
planning and analysis of noninferiority trials.22

Conclusions

Noninferiority designs are being applied more 
commonly and more broadly in clinical investiga-
tion. Although new challenges emerge with the 
use of noninferiority studies in diverse settings, 
the underlying principles for maintaining the va-
lidity of such studies should be observed. When 
appropriately designed and executed, noninferior-
ity trials offer the ability to identify innovative 
treatment alternatives with clinical value.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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