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Randomized clinical trials are important in both clinical and academic stroke communities with
increasing numbers of new design concepts emerging. One of the “less traditional” designs that have
gained increasing interest in the last decade is non-inferiority trials. Whilst the concept might
appear straightforward, the design and interpretation of non-inferiority trials can be challenging.
In this review, we will use exemplars from clinical trials in the stroke field to provide an overview
of the advantages and limitations of non-inferiority trials and how they should be interpreted in

stroke research.
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Introduction

Randomized clinical trials (RCT) play a prominent role in both
clinical and academic stroke communities. They have gained in-
creasing interest in the last few decades with new design con-
cepts emerging. One of the "less traditional” designs is non-infe-
riority trials, which have increased from only one or two per year
in the stroke field to more than 20 since 2019.

Non-inferiority trials are clinical studies that aim to show that
a new treatment is not worse than an established treatment by
a difference which is known as the non-inferiority margin. The
concept of non-inferiority trial emerged in the late 20th century
and started to gain increasing recognition in the 1990s." They
have been conducted in various fields, including infectious dis-
ease, oncology, and cardiovascular disease.”* Whilst the concept
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might appear straightforward, the design and interpretation of
non-inferiority trials can be challenging. In this review, we will
use exemplars from specific clinical trials to provide an overview
of the advantages and limitations of non-inferiority trials and
how they should be interpreted in stroke research.

Superiority, equivalence, and
non-inferiority RCTs

In general, RCTs are divided into three types and they each are
testing distinct hypothesis which are important to recognize
when designing or interpreting the trial results.

Superiority

Superiority trials are most commonly used in stroke research.
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They aim to demonstrate that a new treatment or intervention
is superior to an existing standard treatment or placebo.’ In sta-
tistical terms, “superior” means that the results will reject the
null hypothesis that the new treatment is not superior to the
control. Investigators typically choose the expected difference
between the comparison groups (), an accepted type 1 error
rate (o), and the power to decide on the sample size. The observed
difference might be bigger or smaller than A, but as long as the
lower 95% confidence interval (Cl) is above O (for absolute dif-
ference) or 1 (for relative risk or odds ratio), they might reject the
null hypothesis.

Equivalence

Equivalence trials aim to demonstrate that two treatments or
interventions have similar effectiveness within a pre-defined
margin of difference.’ The goal is to show that the treatments
are essentially equivalent in terms of clinical outcomes. Because
it is impossible to show exact equivalence unless an infinite
sample size is possible, investigators usually choose an equiva-
lence margin (8). Two-sided 90% Cl are typically used in these
trials and if the Cl was strictly within [-8, +8], the comparison
groups are “equivalent.” Unlike the A in superiority trials, & is not
only important for the sample size but also for the analysis
(Figure 1). Given that the equivalence margin can be challenging
to set, and the sample size is usually much larger than superiori-
ty or non-inferiority trials, especially if the equivalence margin
is small, they are rarely performed.’

Non-inferiority
Non-inferiority trials aim to demonstrate that a new treatment

Lietal. Non-inferiority Trials in Stroke

or intervention is not “inferior" to the comparison group. In other
words, the goal is to show that the new treatment is not unac-
ceptably worse than an established treatment by a predefined
margin (5).” In this design, the null hypothesis is less intuitive as
it states that the new treatment of intervention is worse than
the comparator by more than the non-inferiority margin &. The
alternative hypothesis states that the difference between the
two groups is less than &. A 95% Cl or 97.5% Cl is usually used
in these trials and if the lower boundary of the Cl is above & (or
upper boundary if relative risk difference was measured), non-
inferiority can be claimed. Similar to equivalence trials, & is im-
portant for both sample size and analysis (Figure 1). The differ-
ence between the two is that in non-inferiority trials, only one
side of the Cls matters.

For the different clinical trial concepts, an explanation of the
associated hypothesis and types of errors in statistics are sum-
marized in Table 1.

Why do we need non-inferiority trials?

Non-inferiority trials are designed for studies in which it is ethi-
cally inappropriate to include a control arm. In clinical practice,
there are new treatments or interventions that might not be ex-
pected to be more effective than an existing approach but may
have some other advantages, such as greater availability, reduced
cost, better safety profile, or easier administration. In these sce-
narios, the new treatments or interventions might have less ef-
ficacy compared to standard approaches but that potential lost
efficacy is acceptable given the advantages, hence they are
called "non-inferior." It is important to note that “neutral” (null)

< Treatment or intervention inferior

Treatment or intervention superior >

Equivalence

|

Non-inferiority
margin -6

0

Non-inferiority
margin +8

Treatment/intervention effects and 95% confidence interval in defining the different clinical trial concepts.
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The hypothesis and the types of errors in statistics for the different clinical trial concepts

Trial concept Null hypothesis

Alternative hypothesis

Type-1 error Type-II error

Superiority The new treatment is not better ~ The new treatment is better
than the standard treatment than the standard treatment
or placebo or placebo

Equivalence

is either superior or inferior to
the standard intervention or
treatment

Non-inferiority The new treatment or intervention The new treatment or intervention Concluding the new treatment
is not worse (i.e., it is either

superior or equivalent) to the
standard intervention within the  in fact not non-inferior (false
non-inferiority margin (8)

is worse than the standard
intervention by more than a
pre-specified margin, known as
the non-inferiority margin (8)

Concluding superiority of new
intervention when there is no
superiority (that is, a false
positive)

Not concluding superiority of
new intervention when there
is a superiority (that is, a false
negative)

The new intervention or treatment The new treatment or intervention Concluding the new intervention ~ Concluding the new treatment or
is equivalent to the standard
treatment or intervention

or treatment is equivalent to the  intervention is not equivalent to

standard intervention when itis  the standard intervention when

not equivalent (false positive) it actually is equivalent (false
negative)

Concluding inferiority for an
intervention or treatment which
is actually non-inferior (false
negative)

or intervention is not inferior
when the new intervention is

positive)

superiority trials are not necessarily showing "non-inferiority.” In
this context, the conclusion refers to a failure to reject the null
hypothesis of “no difference” but they might lack statistical
power to rule out important differences. Therefore, non-inferi-
ority trials are crucial for determining whether a new treatment/
intervention is not worse than a reference approach by more
than an acceptable amount (i.e.,, margin 8). It is also worth not-
ing that non-inferiority trials are also important in drug devel-
opment because they allow the introduction of new treatments
for conditions with effective but suboptimal existing therapies
in terms of administration, cost, or side effects.

How are non-inferiority trials designed?

What is the non-inferiority margin &?
Non-inferiority trials necessitate evidence from previous ran-
domized trials that establish the superiority of the active con-
trol, which becomes the standard of care, over no intervention.
This basic requirement ensures that the active control is estab-
lished, thus serving as a solid benchmark against which new treat-
ments can be compared by non-inferiority analysis.

In the second step, an adequate difference needs to be defined
under which a new treatment is stated as non-inferior; this dif-
ference, as already mentioned in the previous section, is called
the non-inferiority margin & and can be chosen as an absolute
risk difference or relative risk difference (risk ratio). It represents
the minimal clinically and/or statistically acceptable difference
in efficacy between the new treatment and the active control
where the new treatment would be considered as “not unac-
ceptably worse" or “non-inferior." The establishment of this mar-
gin is crucial as it quantifies the extent to which the new treat-
ment may deviate from the established treatment without being
considered inferior. Table 2 summarizes the margins used in se-
lected key stroke trials.

https://doi.org/10.5853/j0s.2024.03923

The selection of & should be based upon a combination of sta-
tistical reasoning and clinical judgment as suggested by inter-
national guidelines.”® Yet these considerations are only poorly

reflected by stated methods of most non-inferiority trials.**"

Steps in the selection of the non-inferiority
margin &

The selection of & fundamentally relies on historical data from
prior randomized trials that evaluate the superiority of the ac-
tive control over a placebo. This historical evidence serves as a
benchmark, informing the extent to which the new treatment
can be deemed non-inferior while still retaining a significant
portion of the active control's therapeutic benefit. For instance,
in stroke trials where anticoagulants are compared, the selec-
tion of & might be influenced by previous studies demonstrating
the efficacy of a standard anticoagulant over placebo in pre-
venting stroke recurrence. The chosen & must ensure that the
new anticoagulant preserves a substantial part of this demon-
strated efficacy, a principle that underscores the clinical rele-
vance of the margin.

Moreover, the clinical judgment of experts in stroke manage-
ment plays a pivotal role in defining &. These professionals as-
sess the clinical implications of different levels of treatment ef-
ficacy, considering patient outcomes, side effect profiles, and
the practical aspects of treatment administration. Their insights
ensure that & is set at a level where any potential reduction in
efficacy from the new treatment is counterbalanced by other
clinical benefits, such as reduced side effects or improved pa-
tient adherence.

Statistical considerations also guide the determination of 5,
with the aim of ensuring that the non-inferiority trial is ade-
quately powered to detect a meaningful difference between the
new treatment and the active control. This involves sophisticat-
ed statistical models that account for the variability in outcome
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measures and the expected performance of the new treatment.
These models help in quantifying the uncertainty around & and
ensuring that the trial's conclusions are robust.

Li et al.

Non-inferiority Trials in Stroke

Regulatory guidelines from bodies such as the U.S. Food and
Drug Administration and European Medicines Agency provide

frameworks within which 6 is selected, often advocating for a

Margins used in selected stroke trials of non-inferiority design

Trial name Primary outcome Margin type Margin
Acute and hyperacute setting
Bridging vs. direct endovascular treatment
DIRECT-MT mRS 0-2 ARD 4%
DEVT mRS 0-2 ARD 10%
DIRECT-SAFE mRS 0-2 or return to baseline ARD 10%
SWIFT DIRECT mRS 0-2 ARD 12%
SKIP mRS 0-2 OR 0.74
MR-CLEAN-NO IV mRS shift OR 0.80
DIRECT-MT mRS shift OR 0.80
Tenecteplase vs. alteplase
NOR-TEST 2, part A mRS 0-1 ARD 3%
TRACE-2 mRS 0-1 ARD 4%
AcT mRS 0-2 ARD 5%
Other acute trials
ENCHANTED mRS 2-6 OR 1.14
EXTEND-IA Substantial reperfusion ARD 2%
ARAMIS mRS 0-1 ARD 5%
rhPro-UK mRS 0-1 ARD 10%
CAIST mRS 0-2 ARD 10%
EDO mRS 0-1 ARD 1%
FRIDA mRS 0-1 ARD 16%
Secondary prevention setting
Direct oral anticoagulant vs. warfarin
RELY Stroke or systemic embolism RR 1.46
ROCKET-AF Stroke or systemic embolism RR 1.46
ARISTOTLE Stroke or systemic embolism RR 1.44
ENGAGE AF-TIMI 48 Stroke or systemic embolism HR 1.38
Other secondary prevention trials
PERFORM Ischaemic stroke, MI, or vascular death HR 1.05
PICASSO Stroke, M, or vascular death HR 1.25
INSURE Stroke HR 1.25
CSPS2 Stroke HR 1.33
S-ACCESS Ischaemic stroke HR 1.33
JASAP Ischaemic stroke HR 1.37
PRASTRO-I Ischaemic stroke, MI, or vascular death RR 1.35
PRoFESS Stroke OR 1.08
JASAP Ischaemic stroke ARD 2.00%
EVA-3S Stroke or death ARD 2.00%
SPACE Ipsilateral stroke or death ARD 2.50%
INSURE Stroke ARD 2.25%
TIMING Ischaemic stroke, symptomatic ICH, or death ARD 3.00%

mRS, modified Rankin Scale; MI, myocardial infarction; ICH, intracerebral haemorrhage; ARD, absolute risk difference; OR, odds ratio; RR, risk ratio; HR, hazard ratio.
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conservative approach.”® These guidelines emphasize the impor-
tance of protecting patient safety by ensuring that new treat-
ments do not significantly compromise efficacy. They may offer
specific recommendations on the fraction of the historical ef-
fect size that should be preserved by the new treatment, serving
as a crucial reference point in the margin-setting process.

An illustrative example of these principles in action can be
seen in the non-inferiority trials comparing direct oral antico-
agulants (DOACs) to warfarin for stroke prevention in patients
with atrial fibrillation."™'* Historical trials establishing warfa-
rin's superiority over placebo provided a quantitative foundation
for setting 6. Expert consensus, informed by clinical experience
and patient outcome priorities, played a role in determining the
acceptable trade-offs between efficacy, safety, and convenience.
Statistical analyses ensured that the chosen & was justifiable
based on the historical effect sizes and the expected variability
in treatment outcomes. Requlatory guidelines shaped the con-
servativeness of 8, emphasizing patient safety and the preser-
vation of a substantial fraction of warfarin's efficacy. The ther-
apeutic context, including the known limitations of warfarin
such as its dietary restrictions and need for regular monitoring,
justified the exploration of DOACs as alternatives, provided
they could meet the efficacy threshold defined by 6.

Other factors associated with the choice of the
non-inferiority margin &

The therapeutic context, including the availability of alternative
treatments, the severity of the condition treated, and the poten-
tial benefits of the new treatment, also influences the choice
of &. In conditions where treatment options are limited or the
disease burden is high, a slightly larger & might be justified if the
new treatment offers significant non-efficacy-related advan-
tages. Conversely, in scenarios where effective treatments are al-
ready available, a smaller & would be necessary to justify the
adoption of a new treatment.

The nature of the outcome events is sometimes important to
consider when deciding on the &, especially when a composite
outcome is considered. Including a “softer" outcome which
might be driving the composite outcome (for example imaging
findings of new lesion) might make one feel more willing to
accept a larger 8.

The duration of follow-up can be important too. In general,
the shorter the follow-up, the more conservative the & should
be. Moreover, it is also important to recognize that whilst the
relative risk difference can remain constant over time, the ab-
solute risk difference can differ significantly when comparing a
30-day outcome versus a 5-year outcome. This will also have
implications in deciding whether an absolute risk difference or a

https://doi.org/10.5853/j0s.2024.03923
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relative difference should be chosen for the &.

Examples of why non-inferiority trials
are done and how the margins are
selected

Here we illustrate a few examples of why a non-inferiority de-
sign was chosen in the field of clinical stroke research and also
how they determined the chosen margin.

Convenience and better safety profile

In patients with atrial fibrillation, the standard treatment before
the four DOAC trials (RE-LY [Randomized Evaluation of Long-
Term Anticoagulation Therapy]; ROCKET AF [Rivaroxaban Once
Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K
Antagonism for Prevention of Stroke and Embolism Trial in Atri-
al Fibrillation]; ARISTOTLE [Apixaban for Reduction in Stroke and
Other Thromboembolic Events in Atrial Fibrillation]; ENGAGEAF-
TIMI [Effective Anticoagulation with Factor Xa Next Generation
in Atrial Fibrillation-Thrombolysis in Myocardial Infarction]"™")
was warfarin, which is a vitamin K antagonist. Whilst warfarin
is highly effective, it requires frequent laboratory monitoring, has
multiple interactions with food and drugs and is associated with
an increased risk of major bleeding. Therefore, the investigators
were looking for new anticoagulant agents that might be com-
parable or even slightly worse compared to warfarin in terms of
efficacy but would potentially be safer and more convenient to
use and hence well-suited for a non-inferiority design.

All of the four trials set their non-inferiority margin & based
on the efficacy of vitamin K antagonists as compared with con-
trol therapy which was derived from a meta-analysis of relevant
trials.”® In this meta-analysis, warfarin was associated with a
62% relative reduction in the risk of stroke or systemic embo-
lism (95% Cl 48-72). RE-LY and ROCKET AF used a margin of
1.46, which was half of the lower boundary of the 95% ClI (i.e.,
reduction of 0.48) comparing control and warfarin (control risk
1, warfarin risk 1-0.48, relative risk=1/(1-0.48)=1.92, and half
the risk increase would be 1+0.92/2=1.46)."""* ARISTOTLE and
ENGAGE AF-TIMI 48 used a margin of 1.44 (or 1.38 on a log
scale), which required that the new drugs preserve at least 50%
of the relative reduction in the risk of stroke or systemic embo-
lism associated with warfarin (i.e., relative risk reduction should
be 62/2=31%, so the risk would be [1-0.31=0.69] for the new
drug, hence the relative risk would be 1/0.69=1.44)."*™

Convenience
Intravenous thrombolysis with alteplase is standard medical
therapy for patients with acute ischemic stroke. Tenecteplase is
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a genetically modified variant of alteplase and has a well-char-
acterized mechanism of action. Moreover, it has a longer plasma
half-life and is administered as a bolus rather than as an infu-
sion. This ease of administration gives tenecteplase a unique
practical advantage, making it an attractive replacement for al-
teplase. Consequently, several trials comparing alteplase with te-
necteplase have applied the non-inferiority design.

For example, the AcT (Alteplase Compared to Tenecteplase in
Patients With Acute Ischemic Stroke) trial to determine whether
intravenous tenecteplase, at a dose of 0.25 mg/kg, is non-infe-
rior to alteplase in all patients with acute ischemic stroke who
meet criteria for intravenous thrombolysis."® The investigators
chose 5% as the non-inferiority margin. This margin was based
on a meta-analysis comparing alteplase with placebo, which
showed that treatment with alteplase resulted in better func-
tional outcomes compared to placebo (absolute difference 9.8%,
950 Cl 5.4-14.3).” The chosen 5% assumed that at least half
of the point estimate of effect for intravenous alteplase versus
control will be preserved. This non-inferiority margin is also less
than the lower 95% Cl boundary on the point estimate of al-
teplase versus placebo.

Logistical benefits and resources use/cost

Current guidelines recommend intravenous thrombolysis before
endovascular treatment for all eligible patients with anterior cir-
culation large artery occlusion.'®** However, the value of intra-
venous thrombolysis in patients presenting directly to endovas-
cular treatment capable centers has been questioned, especially
due to the low chance of recanalization and increased chance
of bleeding. Omitting thrombolysis in this specific population
could reduce healthcare costs and workflow delays.

The IRIS (Improving Reperfusion strategies in Ischemic Stroke)
collaboration, which included six trials (DEVT [Direct Endovascu-
lar Thrombectomy vs Combined IVT and Endovascular Throm-
bectomy for Patients With Acute Large Vessel Occlusion in the
Anterior Circulation]; DIRECT-MT [Direct Intraarterial Throm-
bectomy in Order to Revascularize Acute Ischemic Stroke Pa-
tients With Large Vessel Occlusion Efficiently in Chinese Tertia-
ry Hospitals]; DIRECT-SAFE [DIRECT Endovascular Clot Retrieval
versus Standard Bridging Therapy]; MR CLEAN-NO IV [Multi-
center Randomized Clinical Trial of Endovascular Treatment for
Acute Ischemic Stroke in the Netherlands, No IV]; SKIP [The Ran-
domized Study of EVT With Versus Without Intravenous Recom-
binant Tissue-Type Plasminogen Activator in Acute Stroke With
ICA and M1 Occlusion]; SWIFT-DIRECT [Solitaire™ With the In-
tention For Thrombectomy Plus Intravenous t-PA Versus DIRECT
Solitaire™ Stent-retriever Thrombectomy in Acute Anterior Cir-
culation Stroke]) comparing bridging versus direct endovascu-
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lar treatment’' chose 5% as their margin based on an interna-
tional survey and the European Stroke Organization-European
Society for Minimally Invasive Neurological Therapy guide-
lines.”* They also performed a meta-analysis of all existing tri-
als and based on the observed pooled rate of functional inde-
pendence (i.e., modified Rankin scale 0-2) in the control group
(49%), a 5% higher rate in favor of the combined treatment (54%)
would result in an odds ratio of 0.82 (i.e., [49*46]/[54*51]), which
was chosen as their non-inferiority margin.”'

Used in combination with superiority trials
Occasionally, a non-inferiority design was used in a hierarchical
way together with a superiority design. For example, in the an-
tiplatelet arm of the PRoFESS (Prevention Regimen for Effec-
tively Avoiding Second Strokes) trial, the investigators aimed to
compare the fixed combination of low-dose aspirin (A) and ex-
tended-release dipyridamole (A+D) with clopidogrel (C).”* The
investigators planned to test, first, the non-inferiority of A+D
compared to C and, if this was satisfied by demonstrating that
the hazard ratio (HR) for A+D compared to C was less than a
predefined non-inferiority margin 5, to then test whether A+D
was superior to C. The & was set at 1.075 and was based on es-
timates from previous trials and meta-analysis.**** Using data
from the CAPRIE (Clopidogrel versus Aspirin in Patients at Risk
of Ischaemic Events) trial”® and the meta-analysis from the An-
tithrombotic Triallists' Collaboration,” the odds ratio for clopi-
dogrel being better than placebo for the outcome of nonfatal
stroke was translated into an excess risk for placebo versus clop-
idogrel: 1.377 with a 95% Cl of 1.155 to 1.645. The selected non-
inferiority & of HR 1.075 assumes that A+D retains more than
half of the clopidogrel effect over placebo if the lower boundary
was used (i.e., 0.155/2). Given the importance of controlling for
type | error in this kind of design, trials are also recommended
to report how they controlled type I error (e.g., by the Benjamini
and Hochberg procedure).”®

How to interpret non-inferiority trial
results

Correct interpretation of a non-inferiority trial results requires
some level of familiarity with the basics of hypothesis testing as
outlined in detail in the segment “superiority, equivalence, non-
inferiority and inferiority." A main challenge for many readers of
scientific literature is that we are primed to think in “traditional”
superiority analysis terms using conventional null hypothesis
language (“there is no difference...”). It should be kept in mind
that in strict statistical terms we either reject the null hypothe-
sis which means that there is a difference or fail to reject the null
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which is often perceived as the same as "accepting” the null, but
it is not; we cannot really say that the two groups are equal. By
contrast, non-inferiority design aims to show that the new in-
tervention is not significantly worse than the established one
and consequently frames the question (null hypothesis) differ-
ently: 'the new treatment is worse plus an additional "cushion”
(&), which provides the non-inferiority margin. It also provides
a specific direction of the assumed difference (worse) and is ex-
pressed as Ho: intervention+& < control. Thus, the alternative is
HA: intervention+& > control. At a basic level, the interpretation
of a non-inferiority is straightforward and necessitates a clear
definition of the primary endpoint and the non-inferiority mar-
gin. One simply needs to estimate the difference between the
two treatments and calculate the Cl around it. The focus of a non-
inferiority trial is not to characterize the point estimate of the
treatment effect but rather the lower bound of its Cl. If this lies
above the predefined non-inferiority margin, the intervention is
deemed "non-inferior.” It should be emphasized that failing to
establish non-inferiority at this stage does not equate to infe-
riority: rather, all we can say is that the intervention is "not non-
inferior." Non-inferiority can be followed by "traditional” test-
ing for superiority (or inferiority, depending on the direction of
the effect) without incurring a statistical penalty for multiple
testing. In this instance, the interest shifts from the non-inferior-
ity margin to the null value: if the lower margin of the Cl lies above

Favors control

JoS

the null value, then the intervention is considered both non-in-
ferior and superior. It bears noting that the null value when ex-
amining absolute differences is 0, whereas for relative differences
(such as odds, risk ratios, or HR) it is 1. It should also be noted
that given the premise of non-inferiority trials it is possible for
a trial to technically show non-inferiority for the efficacy end-
point but deemed inferior on the basis of significantly higher
rate of safety events. Overall, there are five basic possible out-
comes of a non-inferiority trial, illustrated in Figure 2.

We present representative non-inferiority stroke trials high-
lighting examples of all the above scenarios (Figure 2).

Non-inferior and superior

The ARISTOTLE trial is a characteristic example of non-inferiori-
ty and superiority."” ARISTOTLE was a double-blind, randomized
controlled non-inferiority trial comparing compared apixaban
with warfarin for the prevention of stroke or systemic embolism
in patients with atrial fibrillation. The non-inferiority margin was
determined as the upper boundary of the 95% Cl for the relative
risk would be less than 1.38. For the primary endpoint of the trial,
the HR was 0.79 with a 95% Cl of 0.66 to 0.95. At first sight, the
upper boundary of the Cl is well below the predetermined 1.38
thus establishing non-inferiority. Moreover, the upper boundary
of the Cl is also less than 1 therefore apixaban also met the cri-
teria of superiority. Inspection of the safety endpoints shows a

Favors treatment

+~———0—— Non-inferior and superior

+ Non-inferior and not superior

Inferior and not non-inferior ——O—

+ Not non-inferior

Non-inferior and inferior

— > Margin& 0

Favors control

Favors treatment

——0O—— Non-inferior and superior

+ Non-inferior and not superior

Not non-inferior

Inferior and not non-inferior —O——

Non-inferior and inferior

—> Margin &

(8]

Possible scenarios to interpret the findings of a non-inferiority trial. (A) Absolute difference. (B) Relative risk.
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favorable safety profile for apixaban, upholding the non-inferi-
ority conclusion.

Non-inferior and not superior

This is a quintessential non-inferiority scenario, i.e., a study that
confirms that the new intervention is not unacceptably worse,
without meeting criteria for superiority and at the same time
without any safety concerns. The TRACE-2 (Tenecteplase versus
Alteplase in Acute Ischemic Cerebrovascular Events) trial was a
phase 3, multicenter, prospective, open-label, blinded-endpoint,
randomized controlled, non-inferiority trial that compared in-
travenous tenecteplase (new intervention) with tissue plasmin-
ogen activator.”” Tenecteplase would be declared non-inferior if
the lower 97.5% one-sided Cl of the risk ratio for the primary
outcome did not cross 0.937. The final results yielded a risk ratio
of 1.07 with a 95% Cl of 0.98 to 1.16. Given that the lower bound-
ary (i.e,, 0.98) did not cross 0.937, tenecteplase was found to be
non-inferior. Superiority could not be established given that the
95% Cl crossed the null value of a risk ratio of 1.00.

Non-inferiority not established, also known

as inconclusive

In the SoSTART (Start or Stop Anticoagulants Randomized Trial),
the primary aim was to establish the non-inferiority of starting
oral anticoagulation versus avoiding in intracerebral hemorrhage
patients who have atrial fibrillation.”® Non-inferiority would be
confirmed if the upper limit of the 95% Cl of the adjusted HR
for the effect of starting oral anticoagulation on recurrent symp-
tomatic spontaneous intracranial hemorrhage is less than 3.2.
The adjusted HR for recurrent hemorrhage in those starting oral
anticoagulation was estimated at 2.42 with a 95% Cl of 0.72
to 8.09. Given that 8.09 exceeds the predefined margin of 3.2,
non-inferiority could not be established. Common reasons to ex-
plain this scenario included underpowered study, higher than
expected variability, and a too narrowed margin. In SoSTART, the
event rate observed were lower than assumed (4% in the avoid
arm vs. 4.2%-8.6% based on previous data) so the estimate of
effect became less precise than expected. It has been suggest-
ed that using an adaptive design in future trials might allow for
adjustment based on interim results hence ensuring more ade-
quate power in these scenarios.

Non-inferior and inferior

This situation occurs primarily when relatively generous margins
were set and therefore in general should be interpreted as “some-
what inferior." Sometimes, the inferiority is interpreted due to
significant harm alongside with the primary efficacy outcome.
For example, the trial conducted by Amadeus Investigators is a
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multicenter, randomized, open-label non-inferiority trial with
blinded assessment of outcome.”” The investigators compared
fixed-dose idraparinux (factor X inhibitor) with dose-adjusted
oral vitamin K antagonist therapy for prevention of thrombo-
embolism in patients with atrial fibrillation. The primary efficacy
outcome was the composite of all stroke or systemic embolism.
The non-inferiority boundary was set at 1.5 for the HR compar-
ing the two groups. The trial was stopped early due to an excess
of clinically relevant bleeding with idraparinux. For the primary
outcome, the HR was 0.71 with a 95% Cl of 0.39 to 1.30. Given
that the upper boundary (i.e., 1.30) did not exceed the predefined
margin (i.e., 1.5), the trial achieved non-inferiority, although due
to significant bleeding, the overall interpretation of the trial was
considered as non-inferior and inferior.

Not non-inferior and inferior

The INSURE (Indobufen versus Aspirin in Acute Ischemic Stroke)
trial was a randomized, double-blind non-inferiority trial which
examined the hypothesis that indobufen is non-inferior to aspi-
rin in reducing the risk of new stroke at 90 days in patients with
moderate-to-severe ischemic stroke.” If the upper limit of the
95% Cl for the event risk in the treatment group was less than
1.25, indobufen would be considered noninferior to aspirin. The
HR for the primary endpoint for the indobufen group was, 1.23
with a 95% Cl of 1.01 to 1.50. Firstly, the upper limit of the 95%
Cl crossed the non-inferiority margin of 1.25, establishing that
indobufen is not non-inferior to aspirin. Further, the lower mar-
gin of the 95% Cl was greater than 1.00, suggesting that indo-
bufen was also inferior to aspirin. Therefore indobufen was both
not non-inferior and inferior to aspirin.

Other challenges to consider when
interpreting non-inferiority trial results

Absolute or relative risk difference

An important assumption required for an accurate interpreta-
tion of non-inferiority trials is the assumption of inter-trial con-
stancy, which allows the superiority of the active control com-
pared to placebo in the current trial to be inferred based on
historical trials. Consequently, heterogeneity between trials can
lead to incorrectly claiming non-inferiority when the treatment
was ineffective or even harmful. The choice of the & can some-
times also modify this potential challenge.

As discussed earlier, the non-inferiority margin & can be cho-
sen as an absolute risk difference or relative risk difference (usu-
ally presented as a risk ratio). When the constancy assumption
is difficult to assess or when the baseline risk or event rate is ex-
pected to vary between studies or patient population, it is rec-
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Hypothetical example

Expected risks Observed risks

Control group (%) 20 10
New drug/intervention (%) 25 15
Absolute risk difference (%) 5 5
Relative risk difference 1.25 1.50
Sample size 546 970

In a trial where the margin & was set using absolute difference based on ex-
pected risks, the relative risk difference can be calculated accordingly (i.e.,
500). However, if in reality, the observed risks were much lower, the same
absolute risk difference would appear to be more generous. Moreover, there
would be an inflation of the relative risk difference (from 1.25 to 1.50).
If the relative risk from the expected risks were used instead (i.e., 1.25),
the relevant absolute risk difference in the trial would need to be 2.5%
(10%%*1.25-10%; instead of 5%), which would make the results more con-
servative but at the same time the sample size also increased.

ommended to use a relative risk difference approach to account
for changes in event rates over time. Using fixed risk ratios is
usually a more conservative approach when the event rate is
unpredictable or when the observed rate is lower than expect-
ed,” but it also inevitably results in larger sample sizes. On the
other hand, & based on absolute risk difference can potentially
introduce a bias towards non-inferiority by resulting in an un-
derpowered trial due to lower than expected event rates.”™ It
might be helpful to check the concordance of non-inferiority
conclusion using both approaches when an absolute risk differ-
ence was used in the original trial. Table 3 illustrated a hypo-
thetical example.

Quality of trial conduct

Quality of trial conduct is always important for RCTs. However,
this is also a particular weakness for non-inferiority trials when
there is poor adherence, loss to follow-up or treatment cross-
over.” In a superiority trial, any such inadequacy in the execu-
tion of the trial would tend to make the estimate more conser-
vative, which means that the trial would be more likely not to be
able to show the differences between the groups. In a non-infe-
riority trial, anything that tends to make the two treatment groups
more similar is by definition more likely to result in falsely con-
cluding non-inferiority. Whilst this is also an obvious problem for
superiority trials, they can pose higher risks to patients in a non-
superiority trial setting.

Choices of analytic approaches

Analytic approaches can also be challenging in a non-inferiority
trial. In a superiority trial, an intention-to-treat analysis is rec-
ommended by guidelines.” For a superiority trial, this approach
is considered conservative as including these patients who did
not receive the treatment is more likely to narrow the difference
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between the two treatment groups. However, in a non-inferior-
ity trial, this approach may, for the same reason, result in a bias
towards a false positive conclusion of non-inferiority.”” As a re-
sult, a per-protocol analysis approach might be helpful in a non-
inferiority trial setting, although it might violate the randomiza-
tion principle causing unmeasured confounding and might also
result in smaller sample sizes. It is commonly recommended that
both analyses are reported for non-inferiority trials with the in-
tention-to-treat analysis as the primary approach and per-pro-
tocol analysis as a sensitivity analysis.”

Power deflation

Power deflation is a challenge where the statistical power of a
non-inferiority trial decreases if the new treatment or interven-
tion unexpectedly performs better than the control arm. For ex-
ample, if we set a non-inferiority margin of 10% and the rate for
the primary outcome expected in the control arm is 70%, we are
hoping to show that the rate of the primary outcome of the new
treatment is no less than 60%. Assuming a power of 80% and
significance level at 0.05, 785 participants per group is needed.
If in reality the new treatment performs better than the control
(e.g., 80% instead of 70%), the estimated effect size is now
larger resulting in a wider Cl. Therefore a bigger sample size
(now n=2,285) will be required to reduce this Cl to achieve the
“non-inferiority" concept. This highlights how non-inferiority tri-
als can be sensitive to variations in the performance of the new
treatment. On the other hand, if a superiority trial was designed
in the first instance and if the expected effect size is also 10%
(i.e., 80%-700%), the sample size required would be 394.

Evolving standard of care

Another concern specific to non-inferiority trials is related to
the evolving standard of care.** For example, drug A is compared
to a placebo and demonstrated superiority in a superiority trial
and becomes standard of care. Then a new drug B is compared
to drug A in a non-inferiority design and demonstrated non-in-
feriority as compared to A with some cost advantages. Now drug
B is standard of care. Subsequently, a new drug C is compared
to drug B also with a non-inferiority design (with a new &' which
is a further "worsening” from drug A compared to drug B). In this
case, drug C might be less effective than drug A or even placebo
hence a further comparison of a new drug D with drug C might
not be clinically ethical. In the area of infectious disease, a true
biological biocreep is also well-recognized. In this case, bacteria
can mutate and become more resistant to standard care. Using
a non-inferiority design to test for new drugs could potentially
introduce treatment that is less and less effective against strength-
ening bacteria.”*
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Conclusion

Non-inferiority trials can provide important information about
the effectiveness of a new treatment compared to an estab-
lished treatment. However, the determination of non-inferiority
margin requires careful consideration and should be selected
based on statistical reasoning and clinical judgment. The re-
sults of non-inferiority trials should be interpreted with caution
and must account for the non-inferiority hypotheses and any
superiority hypotheses.
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