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Statistics

Conventionally, clinical trials are carried out to show that 
a new (experimental) intervention has superior efficacy to 
the existing standard of  care (the comparator). Sometimes, 
however, trials are conducted to show that a treatment is 
almost as good as (or not much worse than) the comparator. 
The rationale of  such trials is that the new treatment 
might offer other benefits such as lower cost, greater ease 
of  administration, or reduced toxicity. These are called 
non-inferiority (NI) trials. Three examples of  NI trials are 
listed below:
a. Oral supplementation with 20 mg/day of  zinc had been 

proven to decrease the duration and number of  diarrheal 
episodes in children; however, this was associated with 
gastric irritation and vomiting. Dhingra et al. conducted 
a randomized study to look at the effect of  lower dose 
zinc (5 and 10 mg rather than 20 mg) in children with 
acute diarrhea. They hypothesized that a lower dose 
would be almost as effective in controlling diarrhea, and 
be associated with less vomiting. Thus, lower dose zinc 
would be noninferior to standard dose zinc.[1]

b. The addition of  trastuzumab to adjuvant chemotherapy 
results in improved survival in women with human 
epidermal growth factor receptor 2-positive, early, 
potentially curable breast cancer. The standard 
duration of  therapy is 12 months of  adjuvant 
treatment. However, this is expensive and has side 
effects including cardiac toxicity. The PERSEPHONE 
trial hypothesized that a shorter duration of  
trastuzumab therapy would be noninferior in terms 
of  survival and offer benefits of  being cheaper and 
having fewer adverse events.[2]

c. Goyal et al. showed that azithromycin is noninferior to 
amoxicillin-clavulanic acid for treatment of  respiratory 
exacerbations in children with bronchiectasis with the 
convenience of  once-a-day dosing.[3]

Each of  these examples involves a trade-off  between the 
risk of  (marginally) decreased efficacy and another benefit, 
which makes the experimental treatment an acceptable 
alternative to the standard.

Studies sometimes aim to show that a new intervention is not substantially worse than the existing standard 
of care while offering some benefits, for example, lower cost, decreased toxicity, or easier administration. 
Such studies are called non-inferiority (NI) trials. In this article, we look at some aspects of NI trials.
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Another use of  the NI design can be when one product 
is available (making the use of  placebo as a comparator 
ethically challenging), but more products are needed. For 
example, with COVID-19 vaccines – we have vaccines 
but need more vaccines and hence resort to showing that 
a newer vaccine is “noninferior” to an existing vaccine.

FORMULATING THE HYPOTHESES FOR NON‑
INFERIORITY STUDIES

Every research study starts with a baseline assumption (the 
null hypothesis) and a contradictory alternative hypothesis.[4] 
In a traditional superiority study, one starts with the null 
hypothesis that there is no difference between treatments 
and then tries to prove that there is a difference (by 
disproving the null hypothesis and accepting the alternate 
hypothesis). For example, the DREAMS study compared 
dexamethasone with standard treatment for postoperative 
nausea and vomiting after gastrointestinal surgery.[5] The 
primary outcome was the proportion of  patients with 
vomiting within 24 h after surgery. The null hypothesis 
was that the proportion of  patients with vomiting in 
the dexamethasone group would be equal to that in the 
placebo group. The alternative hypothesis was that the 
proportion of  patients with vomiting in the dexamethasone 
group would be different from that the placebo group. 
The alternative hypothesis does not specify whether 
the experimental treatment is better or worse than the 
control – this is known as a two-sided hypothesis and is 
analyzed using two-tailed tests. The objective of  the study 
is to reject the null hypothesis and accept the alternative 
hypothesis, i.e., prove that the treatments are dissimilar.

On the other hand, in a NI study, the null hypothesis is that 
the experimental treatment will be inferior to the standard 
by a margin greater than a predefined value (this margin is 
known as the margin of  NI or delta and is explained later 
in this article). The alternative hypothesis states that the 
experimental treatment will, at worst, be only marginally 
inferior to standard treatment, i. e. by a margin not 
exceeding delta. The objective of  the study is to reject the 
null hypothesis and accept the alternative hypothesis, and 
thus establish that the experimental treatment is noninferior 
to the standard. This is an example of  a one-sided 
hypothesis, which means that we are only interested in 
testing for inferiority or its absence (and not in whether 
the experimental treatment is superior to the standard). 
In this case, the data are analyzed using a one-tailed test.

THE CONFIDENCE INTERVAL APPROACH

In a previous article, we have discussed the concept 
of  confidence intervals (CIs).[6] In brief, while a study 

gives us one observed value for a result, CIs provide an 
estimate of  the possible range of  values for that result in 
the population. In the DREAMS study, the incidence of  
postoperative vomiting in the first 24 h after surgery was 
25.5% in the dexamethasone arm versus 33.2% in the 
standard care arm (risk ratio: 0.77).[5] Therefore, in this 
study, dexamethasone reduced the risk of  vomiting by 
0.23 (1.0 ‒ 0.77) folds or by 23%. The 95% CI for this risk 
ratio ranged from 0.65 to 0.92; this means that we are 95% 
confident that dexamethasone is superior to standard care, 
though the real effect size in the population could vary 
from 8% benefit (1.0 ‒ 0.92) to 35% benefit (1.0 ‒ 0.65). 
Since this was planned as a superiority study (with 
two‑sided alternative hypothesis), we try to find out both 
the minimum and the maximum possible effects of  the 
experimental treatment, and the direction of  the effect; 
therefore, we calculate two-sided CIs for the difference. 
The value of  95% for the CI arises from the type 1 error or 
alpha value set at the beginning of  the study – allowing an 
error of  5%, we need to be 95% certain that any difference 
between treatments which we find at the end of  the study 
is a true difference and has not occurred by chance.[4]

In a NI trial, the focus is on the worst possible outcome 
with the experimental treatment. With a type 1 error of  5%, 
we want to be 95% certain that even in the worst case, the 
experimental treatment does not differ from the standard 
by more than the predefined value of  delta. Therefore, we 
calculate a one-sided 95% CI to determine the maximum 
difference that might be seen in the population. If  the 
new treatment is to be considered noninferior, then the 
lower limit of  the 95% CI should lie within the margin of  
NI. Here, we are not concerned about the least difference 
between the two treatments or about whether the new 
treatment is in fact superior to the standard.

It is not essential to use 95% CI and, as for other types of  
studies, one could use a different confidence level cutoff. In 
fact, the US FDA mandates that such studies use a 97.5% 
CI cutoff. This is in keeping with the fact that this is a 
one-sided CI and the traditional 5% error permitted with 
a two-sided hypothesis is likely to be equally distributed 
on the two sides.

Figure 1 shows the various possible results of  a study and 
the interpretation.

ESTABLISHING THE MARGIN OF NON‑
INFERIORITY OR EQUIVALENCE

The validity of  a NI trial hinges around the margin of  
NI (known as delta). The delta represents the largest loss 
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of  effect that would be considered acceptable in practice. 
There are no clear guidelines on how to choose delta, and 
it is largely a matter of  clinical judgment. Typically, if  the 
standard treatment has an effect size “x” over placebo, then 
the delta for a NI study has to be a small proportion of  
“x” so that the experimental treatment remains noninferior 
to the standard and is definitely better than placebo. Since 
sample size is inversely proportional to the delta, a very 
small delta will result in larger sample sizes; however, using 
a large delta to counter this defeats the assumption of  NI, 
as the difference then becomes clinically important.

In the PERSEPHONE study, designed to assess NI 
of  the experimental group (6 months of  trastuzumab), 
the clinically acceptable NI was defined as the 4‑year 
disease-free survival being not worse by an absolute value 
of  3% than that of  the standard group (12 months of  
trastuzumab), which was estimated to be 80%.[2] This 3% 
NI margin was decided before the start of  the trial based on 
consensus from the trial development group that included 
patient and public involvement groups.

INTENTION‑TO‑TREAT VERSUS PER‑PROTOCOL 
ANALYSIS

In a previous article in this series, we have discussed 
the differences between intention-to-treat (ITT) and 
per-protocol (PP) analyses.[7] ITT analysis includes all 
patients irrespective of  whether they received the treatment 
they were randomized to get; ITT provides an estimate 

of  the real-life effectiveness of  the intervention. On the 
other hand, PP analysis includes only those patients who 
strictly adhered to the protocol and gives an estimate of  
the efficacy of  the intervention in an artificial setting where 
all the participants adhere to and complete the allocated 
treatment, as planned. 

For superiority trials, ITT analysis is the preferred method 
of  analysis since PP analysis tends to overestimate the 
treatment effect, which may not reflect the effect likely to 
be seen in clinical practice. On the other hand, in NI trials, 
we are interested in determining the maximum possible 
difference between the experimental treatment and the 
comparator to rule out inferiority; here, if  there is poor 
patient compliance to the experimental treatment, an ITT 
analysis could dilute the difference between treatments and 
make an inferior treatment appear to be noninferior. Thus, 
when analyzing a NI trial, PP analysis is the key analysis; 
thus, both ITT and PP analyses should be conducted and 
both approaches should show NI for a conclusive opinion.

SWITCHING BETWEEN SUPERIORITY AND NON‑
INFERIORITY

Often, if  a superiority trial shows no significant difference, 
one is tempted to conclude that there is no difference 
between the two groups, and that they are similar. In a 
previous article, we have addressed the issue of  how no 
evidence of  effect is not evidence of  no effect.[8] Since the 
rationale, hypothesis, and margin of  difference in a NI trial 

Figure 1: Interpretation of the results of a non‑inferiority study. The vertical solid line represents the observed effect of the current standard, and 
the vertical dotted line is located at a distance of the predetermined inferiority margin (or delta) below it. For non-inferiority to be established, it 
is expected that the lower bound of the 95% confidence intervals (CIs) of the observed effect of the new treatment is not below the dotted line. 
Hence, for the lower three lines (lines 5–7), non-inferiority is not established. For the next three lines (lines 2–4), non-inferiority is established. 
The result represented by line 1 establishes not only non-inferiority but also superiority (since the lower bound of the 95% CIs of the effect of the 
new intervention exceeds the observed effect of the comparator or the current standard intervention)
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are completely different from a superiority trial, one cannot 
conclude NI based on a negative superiority trial.

On the other hand, if  both the lower and upper limits of  
the CI of  the result of  a NI study lie above the line of  no 
difference, then one can conclude superiority. Readers may 
refer to an article by Ganju for further details regarding this.[9]

REPORTING OF NON‑INFERIORITY TRIALS

T h e  C o n s o l i d a t e d  S t a n d a r d s  o f  Re p o r t i n g 
Trials (CONSORT) initiative was launched in 2001 to 
overcome problems arising from inadequate reporting 
of  randomized controlled trials.[10] A separate extension 
specific to NI trials was added in 2006 and updated in 
2012, to improve the quality of  reporting of  NI trials 
and to help readers and reviewers to assess the validity of  
trial results.[11] Researchers conducting NI trials or readers 
critically appraising NI trials are encouraged to go through 
the checklist for NI trials in the CONSORT extension 
statement.
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