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ost statistical tests are per-

formed to show whether two

measurements, processes,

products or treatments are significant-

ly different from each other and

whether we can reject the null

hypothesis. The null hypothesis will

be rejected if the test statistic is suffi-

ciently large compared to the critical

value or if the p-value of the test sta-

tistic is sufficiently small compared to

a prespecified level of α. 

For example, when a new product is

introduced, the goal is often to show

its superiority compared to an existing

product. In many cases, particularly in

healthcare, it is equally likely that the

goal is a degree of equivalence

between the old and the new product,

rather than superiority. Instead of test-

ing for equivalence, the use of non-

inferiority experimental designs is a

useful technique to accomplish this

goal. This column will outline the

need for non-inferiority testing and

specifying the non-inferiority margin

using clinical trials and process

improvement techniques as examples.

Equivalence and Sample Size

When testing the difference

between two independent measure-

ments, as the difference between the

two measurements approaches zero,

basic statistical methods show the

number of observations required to

test the significance of this difference

as it approaches infinity. For example,

to test the hypothesis that a new prod-

uct Y is significantly different from an

existing product X, we can use the fol-

lowing formula:

Solving for n, the sample size,

shows that as the difference approach-

es zero, the sample size increases

without bound. For this reason we

change the test to one in which we

identify an interval for the difference

between X and Y, in which for any dif-

ference less than that specified, Y is

declared not inferior to X. For testing

non-inferiority, rather than using the

zero point estimate for strict equiva-

lence, we specify a non-inferiority

margin.

Developing a Non-inferiority
Hypothesis

In clinical trials in the biopharma-

ceutical industry, testing for the non-

inferiority of a new product compared

with an existing approved competitor

has become an acceptable practice.

The goal of these trials is to show that

the new treatment or product is statis-

tically (and clinically) not inferior to

the standard approved product. Using

X and Y as above, we can formulate a

non-inferiority hypothesis test as fol-

lows:

This hypothesis implies that X is

strictly superior to Y under the null

hypothesis versus Y is not inferior to
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Useful technique can
provide more cost
effective sampling 
and analysis when
applied to statistical
quality control.

X under the alternate hypothesis.

Here Y represents a new product,

treatment or process, and X is the

standard approved product, treatment

or process in use. The boundary � is

the prespecified non-inferiority mar-

gin, and � is defined to be strictly

greater than zero.

Clearly, the major issue facing the

experimenter in designing a non-infe-

riority trial is the choice of the non-

inferiority margin � . While the

simplest formulation of the non-infe-

riority margin in a hypothesis test is

the difference between two continu-

ous variables, these margins and tests

can be formulated as ratios, ordinal

estimates and percentages (for exam-

ple, comparing the percentage defec-

tive from an old manufacturing

process to the percentage defective in

a proposed streamlined, new manu-

facturing process).

To assess whether the null hypothe-

sis can be rejected (or, in this case, that

the non-inferiority margin is met) it is

usual practice to perform a one-sided

hypothesis test at the α level of signif-

icance. One-sided tests are used here

because our alternative hypothesis is

examining whether the new product

is the same (non-inferior to) or better

than the existing product. 

We are not interested in the hypoth-

esis that the new product is signifi-

cantly worse than the existing

product. By not rejecting the non-

inferiority hypothesis test, we will

have accomplished this goal. This test

will be identical to calculating a two-

sided 100(1 – 2α) percentage confi-

dence interval for the difference

between the two products (X – Y).  If

the upper bound on the confidence

interval of the difference between X

and Y is less than � (the prespecified

non-inferiority margin), you can con-

clude that the standard product is

more efficacious than the new prod-

uct by no more than � . Then the null

hypothesis is rejected in favor of the
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with the test statistic calculated as
X – Y
σ/ n

Z = , giving a required 

(z 2 σ2)
(X – Y )2

n = 
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continuous X and Y vs. H1 : X ≠ Y, 

sample size of ,

H0 : X – Y  ≥ ∆, in which δ strictly > 0
H1 : X – Y < ∆



non-inferiority of the new

product.

Determining 
The Inferiority Margin

Several assumptions must

be met prior to the specifica-

tion of �.

First, our outcome vari-

able from the standard com-

parator cannot be a placebo.

The standard comparator is

assumed to have some effect

(for example, efficacious

treatment or reduction in

defectives) based on the

measurement of the out-

come variable. 

Second, the study must be

designed so that if Y is not

inferior to X it will be shown

(for example, sufficient sam-

ple size, control of variabili-

ty within and between ob-

servations). 

Third, the outcomes of X

and Y in the non-inferiority

trial are greater than would

be seen in a placebo or

would be seen by chance

alone. 

In summary, the non-inferiority

margin must be chosen to test Y as

being superior to placebo and non-

inferior to X. The value of the non-

inferiority margin should be chosen as

the maximum acceptable difference

between X and Y.

For example, when introducing a

new manufacturing process, Y, with

efficacy of the new and old processes

being the number or percentage of

defective products produced, the

maximum acceptable difference

between processes X and Y would be

the increase in the percentage of

defectives when moving to the new

process that would still render the

new process as “equivalent” or not

inferior to the old process.

Often the old process is time inten-

sive and more costly. Finding the new

process not inferior to the old process

gives sufficient reason to replace it. In

clinical trials, with patient and treat-

ment variability, a new treatment that

performs within 10 to 20% of an old

treatment is often the margin used to

be called non-inferior. Often the safe-

ty profile of the new treatment is

superior to the standard treatment,

making the new treatment preferable

even though it is not superior in effi-

cacy.

Outcomes of a Non-inferiority
Experiment

At the conclusion of a non-inferiori-

ty experiment, the confidence interval

can be plotted and examined on a

chart showing the non-inferiority
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margin representing the non-inferiori-

ty difference between X and Y. Several

outcomes are possible, from superiori-

ty of the new process, product or

treatment, as shown in Figure 1. Note

both the upper and lower non-inferi-

ority margins are given; although for

this hypothesis test we are comparing

(X – Y) with the lower non-inferiority

boundary.

Switching Between 
Non-inferiority and Superiority 

An experiment might be designed

to show non-inferiority. Through test-

ing, the outcome actually might show

a statistically significant improvement

for Y compared with X. The issue aris-

es as to whether the experimenter is

entitled to claim superiority for Y over

Non-inferiority Experiment OutcomesFIGURE 1

a)

b)

c)

d)

e)

–∆
Control agent better

0
True difference

+∆
Test agent better

Superiority shown

Non-inferiority shown

Non-inferiority shown

Non-inferiority shown

Inferiority shown

a. Superiority shown: The confidence bound of (X – Y) does not include the 0 difference line,
and the confidence bound exceeds the upper margin of non-inferiority. The result shows the
superiority of Y. This result is identical to that of a hypothesis comparing X and Y in which
superiority of Y is shown.

b. Non-inferiority shown: Non-inferiority is shown because the lower bound of (X – Y) crosses
the 0 difference line; although the upper bound does exceed the upper non-inferiority bound-
ary, but the lower bound does not cross the lower non-inferiority boundary.

c. Non-inferiority shown: Here non-inferiority is shown because the confidence bounds for 
(X – Y) are totally within the non-inferiority boundaries.

d. Non-inferiority shown: Non-inferiority is shown because, although the confidence bounds
for (X – Y) cross the 0 line, the lower bound does not cross the lower non-inferiority boundary.

e. Inferiority shown: The lower bound of the confidence interval of (X – Y) crosses the lower
boundary of the inferiority margin.



X, rather than merely the non-inferior-

ity for which the trial was planned.

Statistically this is not a problem, as is

readily seen from the confidence

interval (a) depicted in Figure 1 (p.

53). If the upper confidence bound is

greater than the non-inferiority mar-

gin and the lower confidence bound

exceeds zero, a conclusion of superi-

ority is warranted.  

It might also be possible to support a

non-inferiority conclusion in the case

of an experiment designed to show

superiority. This conclusion can be

made only if both the hypothesis of

superiority and the hypothesis of infe-

riority are stated before the experi-

ment.

Summary 

The use of non-inferiority experi-

mental designs is well established in

evaluating new clinical entities and

devices in the biotech and pharma-

ceutical industries. Adapting this

technique for identifying processes

and products as non-inferior vs.

equivalent within a prespecified non-

inferiority margin can provide more

cost effective sampling and analysis

when applied to statistical quality

control.
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