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Guidance for Industry*
Non-Inferiority Clinical Trials

This draft guidance, when finalized, will represent the Food and Drug Administration's (FDA's)
current thinking on this topic. It does not create or confer any rights for or on any person and does
not operate to bind FDA or the public. You can use an alternative approach if the approach satisfies

the requirements of the applicable statutes and regulations. If you want to discuss an alternative
approach, contact the FDA staff responsible for implementing this guidance. If you cannot identify

| the appropriate FDA staff, call the appropriate number listed on the title page of this guidance. \

l. INTRODUCTION

This guidance provides sponsors and review staff in the Center for Drug Evaluation and
Research (CDER) and Center for Biologic Evaluation and Research (CBER) at the Food and
Drug Administration (FDA) with our interpretation of the underlying principles involved in
the use of non-inferiority (NI) study designs to provide evidence of the effectiveness of a
drug or biologic.”> The guidance gives advice on when NI studies can be interpretable, on
how to choose the NI margin, and how to analyze the results.

1. BACKGROUND

This guidance consists of four parts. The first part is a general discussion of regulatory,
study design, scientific, and statistical issues associated with the use of non-inferiority studies
when these are used to establish the effectiveness of a new drug. The second part focuses on
some of these issues in more detail, notably the quantitative analytical and statistical
approaches used to determine the non-inferiority margin for use in NI studies, as well as the
advantages and disadvantages of available methods. The third part addresses commonly
asked questions about NI studies and provides practical advice about various approaches.
The fourth part includes five examples of successful and unsuccessful efforts to define non[’
inferiority margins and conduct NI studies.’

FDA'’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidance describes the Agency’s current thinking on a subject and
should be viewed as recommendations unless specific regulatory or statutory requirements

! This guidance has been prepared by the Office of Biostatistics and the Office of New Drugs in the Center for
Drug Evaluation and Research (CDER) and the Center for Biologics Evaluation and Research (CBER) at the
Food and Drug Administration.

? For the purposes of this guidance, all references to drugs include both human drugs and therapeutic biologic
products unless otherwise specified.

? References: in this guidance, reference to methods or studies are not included in the text; rather they are
included in a General Reference section and a separate reference section for the examples in the Appendix.
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are cited. The use of the word should in Agency guidances means that something is

suggested or recommended, not that it is required.

[I11.  GENERAL CONSIDERATION OF NON-INFERIORITY STUDIES:
REGULATORY, STUDY DESIGN, SCIENTIFIC, AND STATISTICAL
|SSUES

A. Basic Principles of a Non-Inferiority Study
1. Superiority Trials versus Non-Inferiority Trials to Demonstrate Effectiveness

FDA'’s regulations on adequate and well-controlled studies (21 CFR 314.126) describe four

kinds of concurrently controlled trials that provide evidence of effectiveness. Three of them
— placebo, no treatment, and dose-response controlled trials — are superiority trials that
seek to show that a test drug is superior to the control (placebo, no treatment, or a lower dose
of the test drug). The fourth kind of concurrent control, comparison with an active treatment
(active control), can also be a superiority trial, if the intent is to show that the new drug is
more effective than the control. More commonly, however, the goal of such studies is to
show that the difference between the new and active control treatment is small, small enough
to allow the known effectiveness of the active control to support the conclusion that the new
test drug is also effective. How to design and interpret such studies so that they can support
such a conclusion is a formidable challenge.

These active control trials, which are not intended to show superiority of the test drug, but to
show that the new treatment is not inferior to an unacceptable extent, were once called
equivalence trials, but this is a misnomer, as true equivalence (i.e., assurance that the test
drug is not any less effective than the control), could only be shown by demonstrating
superiority. Because the intent of the trial is one-sided (i.e., to show that the new drug is not
materially worse than the control), they are now called non-inferiority (NI) trials. But that
too, is a misnomer, as guaranteeing that the test drug is not any (even a little) less effective
than the control can only be demonstrated by showing that the test drug is superior. What
non-inferiority trials seek to show is that any difference between the two treatments is small
enough to allow a conclusion that the new drug has at least some effect or, in many cases, an
effect that is not too much smaller than the active control.

The critical difference between superiority and NI trials is that a properly designed and
conducted superiority trial, if successful in showing a difference, is entirely interpretable
without further assumptions (other than lack of bias or poor study conduct); that is, the result
speaks for itself and requires no further extra-study information. In contrast, the NI study is
dependent on knowing something that is not measured in the study, namely, that the active
control had its expected effect in the NI study. This is critical to knowing that the trial had
assay senditivity (i.e., could have distinguished an effective from an ineffective drug). A
successful superiority trial has, by definition, assay sensitivity. A “successful” NI trial, one
that shows what appears to be an acceptably small difference between treatments, may or
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may not have had assay sensitivity and may or may not have supported a conclusion that the
test drug was effective. Thus, if the active control had no effect at all in the NI trial (i.e., did
not have any of its expected effect), then finding even a very small difference between
control and test drug is meaningless, providing no evidence that the test drug is effective.
Knowing whether the trial had assay sensitivity relies heavily on external (not within-study)
information, giving NI studies some of the characteristics of a historical control trial.

FDA regulations have recognized since 1985 the critical need to know, for an NI trial to be
interpretable, that the active control had its expected effect in the trial. Thus, 21 CFR
314.126(a)(2)(iv), unchanged since 1985, says:

If the intent of the trial is to show similarity of the test and control drugs, the report of
the study should assess the ability of the study to have detected a difference between
treatments. Similarity of test drug and active control can mean either that both drugs
were effective or that neither was effective. The analysis of the study should explain
why the drugs should be considered effective in the study, for example, by reference to
results in previous placebo-controlled studies of the active control drug.

2. Logic of the NI Trial

In a placebo-controlled trial, the null hypothesis (H,) is that the response to the test drug (T)
is less than or equal to the response to the placebo (P); the alternative hypothesis (H,) is that
the response to the test drug is greater than P.

Hoy: T<P; T-P<0
Hy: T>P; T-P>0

In most cases, a treatment effect is established statistically by showing that the lower bound
of the two-sided 95% confidence interval (equivalent to the lower bound of a one-sided
97.5% confidence interval) for T-P is > 0.* This shows that the effect of the test drug is
greater than 0. See Figure 1.

“Ref. 4
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Figure 1. ThreePossible Resultsof a Placebo-Controlled Superiority Study
(Point Estimate, 95% CI)

2 I O I
3 : @ |
ERE R R B

Test — Placebo (T-P)

1. Point estimate of effect is 2; 95% CI lower bound is 1. Conclusion: Drug is effective
and appears to have an effect of at least 1.

2. Point estimate of effect is 2; 95% CI lower bound is <0 (study perhaps too small).
Conclusion: Drug is not shown to be effective.

3. Point estimate of effect is 0; 95% CI lower bound is well below 0. Conclusion: Drug
shows no suggestion of effectiveness.

In an NI study whose goal is to show that the new drug has an effect greater than zero, the
null hypothesis is that the degree of inferiority of the new drug (T) to the control (C), C-T, is
greater than the non-inferiority margin M;, where M, represents what is thought to be the
whole effect of the active control (C) relative to placebo in the NI study.’

Ho: C—T >M, (T is inferior to the control by M, or more)
H.: C—T <M, (T is inferior to the control by less than M;)

> M is the non-inferiority margin used in the NI study. It can be no larger than the entire effect that C is
presumed to have had in the study, in which case it is called M, As described below, the margin of interest can
be smaller than M,, in which case it is called M,.
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Again, non-inferiority is established by showing that the upper bound of the two-sided
confidence interval for C-T is <M. If the chosen M, does in fact represent the entire effect
of the active control drug in the NI study, a finding of non-inferiority means that the test drug
has an effect greater than 0 (see Figure 2). Thus, in the non-inferiority setting, assay
sensitivity means that the control drug had at least the effect it was expected to have (i.e.,

M)).

9]

Figure 2: Resultsof NI Study Showing C-T and 95% CiI

(M1=2)
M,
3 | o i:
4 — o |
5 —o— | i
5 —0—|
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3 2 41 0 1 2 3

Control —Test (C-T)

. Point estimate of C-T is 0, suggesting equal effect; upper bound of the 95% CI for C[’

T is 1, well below My; NI is demonstrated.

Point estimate of C-T favors C; upper bound of the 95% CI for C-T is >2, well above
M;; NI is not demonstrated.

Point estimate of C-T is zero, suggesting equal effect; but upper bound of the 95% CI
for C-T is >2 (i.e., above M), so that NI is not demonstrated.

Point estimate favors T; NI is demonstrated, but superiority is not demonstrated.
Point estimate favors T; superiority and NI are demonstrated.

Point estimate of C-T favors C and C is statistically significantly superior to T.
Nonetheless, upper bound of the 95% CI for C-T<2 (M), so that NI is also
demonstrated for the NI margin M;. (This outcome would be unusual and could
present interpretive problems.)
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The critical problem, and the major focus of this guidance, is determining M;, which is not
measured in the NI study (there is no concurrent placebo group). It must be estimated (really
assumed) based on the past performance of the active control and by comparison of prior test
conditions to the current test environment (see section I1I.A.4). Determining the NI margin
is the single greatest challenge in the design, conduct, and interpretation of NI trials.

The choice of the margin M, has important practical consequences. The smaller the margin,
the smaller the upper bound of the 95% two-sided confidence interval for C-T must be, and
the larger the sample size that will be needed.

3. Reasonsfor Using a Non-Inferiority Design

The usual reason for using a non-inferiority active control study design instead of a study
design having more readily interpretable results (i.e., a superiority trial) is an ethical one.
Specifically, this design is chosen when it would not be ethical to use a placebo, or a nol’
treatment control, or a very low dose of an active drug, because there is an effective
treatment that provides an important benefit (e.g., life-saving or preventing irreversible
injury) available to patients for the condition to be studied in the trial. Whether a placebo
control can be used depends on the nature of the benefits provided by available therapy. The
International Conference on Harmonization guidance E10 on Choice of Control Group and
Related Issuesin Clinical Trials (ICH E10) states:

In cases where an available treatment is known to prevent serious harm, such as death
or irreversible morbidity in the study population, it is generally inappropriate to use a
placebo control. [The term “generally” leaves room for a placebo control if the
known effective treatment is very toxic.]

In other situations, where there is no serious harm, it is generally considered ethical
to ask patients to participate in a placebo-controlled trial, even if they may experience
discomfort as a result, provided the setting is non-coercive and patients are fully
informed about available therapies and the consequences of delaying treatment.

There are, however, other reasons for using an active control: (1) interest in comparative
effectiveness and (2) assessing the adequacy (assay sensitivity) of a placebo-controlled study.
These are not the focus of this guidance, but will be considered briefly.

a. Comparative effectiveness

There is growing interest among third party payers and some regulatory authorities, on both
cost effectiveness and medical grounds, in the comparative effectiveness of treatments, and
an increasing number of such studies are being conducted. A critical issue is the importance
of including a placebo group, as well as the active comparator, in such studies (a 3-arm trial)
to assess assay sensitivity (i.e., the ability of the trial to detect differences of a specified size
between treatments). When the treatment is clinically critical, it will, of course, not be
ethically acceptable to include a placebo group, and the discussion of NI studies that follows
will be highly relevant to such trials. Even where it would be ethical to include a placebo
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group in addition to the active treatments (e.g., in studies of a symptomatic treatment), one is
not necessarily included in these comparative trials. Such omission of a placebo group may
render such studies uninformative, however, when they show no difference between
treatments, unless assay sensitivity can be supported in some other way.

Where comparative effectiveness is the principal interest, it is usually important—where it is
ethical, as would be the case in most symptomatic conditions—to include a placebo control
as well as the active control. Trials of most symptomatic treatments have a significant failure
rate (i.e., they often cannot show the drug is superior to placebo). Where that is the case in a
comparative trial, seeing no difference between treatments is uninformative. Inclusion of a
placebo group can provide clear evidence that the study did have assay sensitivity (the ability
to distinguish effective from ineffective treatments), critical if a finding of no difference
between treatments is to be interpretable. For example, we have seen that approximately
50% of all placebo-controlled antidepressant trials of effective agents cannot distinguish drug
from placebo. A trial in which two antidepressants are compared and found to have a similar
effect is informative only if we know that the two drugs can be distinguished from the
concurrent placebo group.

b. Assessing assay sensitivity of a placebo-controlled study

Although a successful superiority trial (e.g., placebo-controlled) is readily interpreted, a
failed trial of this design is not. Failure to show superiority to placebo can mean that the
drug is ineffective or that the trial lacked assay sensitivity. To distinguish between these two
possibilities, it is often useful to include an active control in placebo-controlled studies of
drugs in a class or condition where known effective drugs often cannot be distinguished from
placebo (e.g., depression, allergic rhinitis, angina, and many other symptomatic conditions).
If the active control is superior to placebo but the test drug is not, one can conclude that the
test drug lacks effectiveness (or at least is less effective than the active control). If neither
the active control nor the test drug is superior to placebo, the trial lacked assay sensitivity and
is uninformative about the effect of the test drug.

4. The Non-Inferiority Margin

As described above, the NI study seeks to show that the difference in response between the
active control (C) and the test drug (T), (C-T), the amount by which the control is superior to
test drug, is less than some pre-specified non-inferiority margin (M). M can be no larger than
the presumed entire effect of the active control in the NI study, and the margin based on that
whole active control effect is generally referred to as M;. It is critical to reiterate that M; is
not measured in the NI trial, but must be assumed based on past performance of the active
control, the comparison of the current NI study with prior studies, and assessment of the
quality of the NI study (see below). The validity of any conclusion from the NI study
depends on the choice of M. If] for example, the NI margin is chosen as 10 (because we are
sure the control had an effect of at least that size), and the study does indeed rule out a
difference of 10 (seeming to demonstrate “effectiveness” of T), but the true effect of C in this
study was actually less than 10, say 5, T would not in fact have been shown to have any
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effect at all; it will only appear to have had such an effect. The choice of M, and assurance
that this effect was present in the trial (i.e., the presence of assay sensitivity) is thus critical to
obtaining a meaningful, correct answer in an NI study.

Because the consequence of choosing a margin greater than the actual treatment effect of the
active control in the study is the false conclusion that a new drug is effective (a very bad
public health outcome), there is a powerful tendency to be conservative in the choice of
margin and in the statistical analysis that seeks to rule out a degree of inferiority of the test
drug to the active control of more than that margin. This is generally done by ensuring that
the upper bound of the 95% two-sided confidence interval for C-T is smaller than M;. The
upper bound of the confidence interval for C-T is not, however, the only measurement of
interest, just as the lower bound of a 95% confidence interval for effect size of drug versus
placebo is not the only value of relevance in a placebo-controlled trial. The point estimate of
the treatment effect and the distribution of estimates of C-T smaller than the 95% upper
bound are also relevant. Nonetheless, the upper bound of the 95% CI is typically used to
judge the effectiveness of the test drug in the NI study, just as a two-sided p-value of 0.05 or
less is traditionally the standard used for defining success in a superiority trial. The 95% CI
upper bound for C-T is used to provide a reasonably high level of assurance that the test drug
does, in fact, have an effect greater than zero (i.e., that it has not lost all of the effect of the
active control).

Although the NI margin used in a trial can be no larger than the entire assumed effect of the
active control in the NI study (M,), it is usual and generally desirable to choose a smaller
value, called M;, for the NI margin. Showing non-inferiority to M; would provide assurance
that the test drug had an effect greater than zero. However, in many cases that would not be
sufficient assurance that the test drug had a clinically meaningful effect. After all, the reason
for using the NI design is the perceived value of the active control drug. It would not usually
be acceptable to lose most of that active control’s effect in a new drug. It is therefore usual
in NI studies to choose a smaller margin (M;) that reflects the largest loss of effect that
would be clinically acceptable. This can be described as an absolute difference in effect
(typical of antibiotic trials) or as a fraction of the risk reduction provided by the control
(typical in cardiovascular outcome trials). Note that the clinically acceptable margin could
be relaxed if the test drug were shown to have some important advantage (e.g., on safety or
on a secondary endpoint).

The definitions used to describe these two versions of M are:

M, = the entire effect of the active control assumed to be present in the NI study
M, = the largest clinically acceptable difference (degree of inferiority) of the test drug
compared to the active control

M, is based on (1) the treatment effect estimated from the historical experience with the
active control drug, (2) assessment of the likelihood that the current effect of the active
control is similar to the past effect (the constancy assumption), and (3) assessment of the
quality of the NI trial, particularly looking for defects that could reduce a difference between
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the active control and the new drug (this diminution of the between-treatment difference is a
“bias toward the null” in a trial seeking to show a difference (i.e., superiority), but in this
case is a “bias toward the alternative”). Note that because of this third element, the size of
M; cannot be entirely specified until the NI study is complete.

M, is a matter of clinical judgment, but M, can never be greater than M;, even if, for active
control drugs with small effects, a clinical judgment might argue that a larger difference is
not clinically important. Even if that clinical judgment were reasonable, an M, greater than
M, cannot be used to demonstrate that the test drug has any effect. As explained above,
ruling out a difference between the active control and test drug larger than M, is the critical
finding that supports a conclusion of effectiveness. This analysis is approached with great
rigor; that is, a difference (C-T) larger than M, needs to be ruled out with a high degree of
statistical assurance. As M, represents a clinical judgment, there may be a greater flexibility
in interpreting a 95% upper bound for C-T that is slightly greater than M, as long as the
upper bound is still well less than M; (see Figure 3).

Figure 3. Active Control — Test Drug differences
(Point estimate, 95% CI)

2 i —

4 | | —
|
0 M, M,

Control — Test (C-T)
(degree of inferiority of test drug)

1. C-T point estimate = 0 and upper bound of 95% CI < M, indicating test
drug is effective (NI demonstrated).

2. Point estimate of C-T favors C and upper bound of 95% CI < M; but
> M,, indicating effect > 0 but unacceptable loss of the control effect.

3. Point estimate of C-T is zero and upper bound of 95% CI < M; but it is
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slightly greater than M,. Judgment could lead to conclusion of effectiveness.
4. C-T point estimate favors C and upper bound of 95% CI > M, indicating
there is no evidence of effectiveness for test drug.

5. Assay Sensitivity and Choosing My

Assay sensitivity (AS) is an essential property of a NI clinical trial. AS is the ability of the
trial to have detected a difference between treatments of a specified size, M, (the entire
assumed treatment effect of the active control in the NI trial), if such a difference were
present. Stated in another way, AS means that had the study included a placebo, a control
drug-placebo difference of at least M; would have been demonstrated. As noted, the actual
effect of the active control versus placebo is not measured in the NI trial; rather it is
estimated (assumed) based on past studies of the drug and comparison of past studies with
the current NI study. Note that AS is related to M, our best estimate of the effect of the
control in the study, even if the NI margin to be used is smaller (M). Even if the NI margin
to be used is My, for example, and is chosen as some percentage of M, say 50%, if the active
control had an effect of less than M; in the trial, the trial would not have shown that M, was
ruled out.

As noted above, the choice of M, and the decision on whether a trial will have AS (i.e., the
active control would have had an effect of at least M), is based on three considerations: (1)
historical evidence of sensitivity to drug effects; (2) the similarity of the new NI trial to the
historical trials (the constancy assumption), and (3) the quality of the new trial (ruling out
defects that would tend to minimize differences between treatments).

e Historical evidence of sensitivity to drug effects (HESDE) (ICH E-10)

HESDE means that appropriately designed and conducted trials in the past that used a
specific active treatment (generally the one that is to be used in the new NI study or, in some
cases, one or more pharmacologically closely related drugs) regularly showed this treatment
to be superior to placebo (or some other treatment). These consistent findings allow for a
reliable estimate of the drug’s effect size compared to placebo in those past studies, a
reasonable starting point for estimating its effect in the NI study. The estimate of effect size
must take the variability of past results into account; one would not presume that the largest
effect seen in any trial, or even the point estimate of a meta-analysis, is likely to be the effect
size in the new study. Analysis of historical data will be discussed further in section I'V.

HESDE cannot be determined for many symptomatic treatments, where well-designed and
conducted studies often fail to distinguish drug from placebo (e.g., treatments for depression,
anxiety, insomnia, angina, symptomatic heart failure, symptoms of irritable bowel disease,
and pain). In those cases, there is no reason to assume that an active control would have
shown superiority to a placebo (had there been one) in any given NI study, and NI studies of
drugs for these treatments are not informative. This is also true for some outcome
effectiveness findings, such as secondary prevention of cardiovascular disease with aspirin
and post-infarction beta blockade. In the case of aspirin, the largest placebo-controlled trial

10
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(AMIS, the Aspirin Myocardial Infarction Study; see Example 3) showed no effect of aspirin
at all, even though other trials all favored aspirin. Similarly, of more than 30 post-infarction
beta-blocker trials, only a small number showed significantly improved survival or other
cardiovascular benefit.

e Similarity of thecurrent NI trial to the historical studies—the “constancy
assumption”

The conclusion that HESDE can be used to choose M; for the new NI study can be reached
only when it is possible to conclude that the NI study is sufficiently similar to the past studies
with respect to all important study design and conduct features that might influence the effect
size of the active control. This is referred to as the “constancy assumption.” The design
features of interest include the characteristics of the patient population, important
concomitant treatments, definitions and ascertainment of study endpoints, dose of active
control, entry criteria, and analytic approaches. The effect of an ACE inhibitor on heart
failure mortality has repeatedly been shown in studies where the drugs were added to
diuretics and digoxin, but evolution in treatment since those studies were conducted raises
questions about our understanding of the present-day effect of these drugs. Since the time of
those studies, new medications (beta blockers, spironolactone) have come into standard use.
We do not know whether the past effect would still be present when ACE inhibitors are
added to a regimen including those two drugs. Similarly, the effect of a thrombolytic on
cardiovascular mortality could depend on how soon after symptoms the drug was given,
concomitant use of anticoagulants and platelet inhibitors, and use of lipid-lowering drugs.

As a general matter, the historical and new NI studies should be as close to identical as
possible in all important respects.

It is easier to be reasonably assured that endpoints in the historical trial will be similar to, and
will be evaluated similarly to, endpoints in the new trial when these are well-standardized
and objective. The effect of the active control could be on a single endpoint (e.g., mortality)
or on a composite (e.g., death, heart attack, and stroke), but, again, it is critical that
measurement and assessment of these be reasonably consistent over time. The endpoint used
in the NI study need not necessarily be the one used in the original trials of the active control
if data are available to estimate the occurrence rate of the new endpoint used in the NI study.
For example, even if the historical studies used a mortality endpoint, the studies could be
used if data could be obtained to calculate an effect size for death plus hospitalization, so
long as it was possible to be confident that the circumstances leading to the hospitalization
were similar in the historical studies and the NI study. Note, however, that it would not be
acceptable to search through a range of endpoints to find the largest historical effect, as this
could represent an overestimate of the effect to be expected in the NI study.

In general, where there has been substantial evolution over time in disease definition and
treatment, supporting the constancy assumption may be difficult.

Although an NI study can be designed to be similar in most aspects to the historical studies, it
may not be possible to assess that similarity fully until the NI study is completed and various
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characteristics of the study population and response are evaluated. When there is known
demonstrated heterogeneity of the active control treatment effect related to patient
characteristics (e.g., age, gender, severity), and when that heterogeneity can be quantified, it
may be necessary to adjust the estimate of the active control effect size in the NI study if the
mix of patient characteristics in the historical and NI studies differ substantially.

The property of constancy of the treatment effect may depend on which metric is chosen to
represent the treatment effect. This issue is discussed in more depth in section IV.B.2.d.
Experience suggests that when background rates of outcomes differ among study
populations, metrics like hazard ratios or relative risks are more stable than is a metric like
absolute effect size, which is more sensitive to changes in event rates in the population.

e Good Study Quality

A variety of study quality deficiencies can introduce what is known as a “bias toward the
null,” where the observed treatment difference in an NI study is decreased from the true
difference between treatments. These deficiencies include imprecise or poorly implemented
entry criteria, poor compliance, and use of concomitant treatments whose effects may overlap
with the drugs under study, inadequate measurement techniques, or errors in delivering
assigned treatments. Many such defects have small (or no) effects on the variability of
outcomes (variance) but reduce the observed difference C-T, potentially leading to a false
conclusion of non-inferiority. It should also be appreciated that intent-to-treat approaches,
which preserve the principle that all patients are analyzed according to the treatment to which
they have been randomized even if they do not receive it, although conservative in
superiority trials, are not conservative in an NI study, and can contribute to this bias toward
the null. It is more important than usual to plan in advance steps to ensure quality during the
conduct of an NI study.

Finally, it should be recognized that although most investigators seek to carry out high
quality trials, the incentives in an NI study are perverse, and quite different from those in
superiority trials. In a superiority trial, sloppiness can lead to study failure, and major efforts
in trial conduct and monitoring are therefore devoted to avoiding it. In general, sloppiness of
any sort obscures true treatment differences. In an NI trial, in contrast, where the goal is to
show no difference (or no difference greater than M), poor quality can sometimes lead to an
apparent finding of non-inferiority that is incorrect. There is therefore a critical need for
particular attention to study quality and conduct when planning and executing an NI study.

6. Regulatory Conclusions

A successful non-inferiority study shows rigorously that the test drug has an effect greater
than zero if it excludes an NI margin of My, so long as M, is well chosen and represents an
effect that the control drug actually would have had (versus a placebo, had there been a
placebo group). It can also show that the test drug had an effect greater than some fraction of
the control drug effect, depending on the M, that is used. It should be appreciated that in
addition to the rigorous demonstration of effectiveness, the trial provides additional
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information, just as a placebo-controlled trial supporting the effectiveness of a drug does.
The point estimate of the drug effect and its confidence interval (usually 95% but could be
90% or 99% under some circumstances) provides information about how large the difference
in treatment effect between the test and control drug is likely to be.

In most cases a successful NI study supports effectiveness of the test drug, but it only rarely
will support a conclusion that the drug is “equivalent” or “similar” to the active control, a
concept that has not been well-defined for these situations. Such similarity might be
concluded, however, if the point estimate of the test drug favored it over the control and the
upper bound of the 95% CI for C-T was close to showing superiority. Where the chosen M,
is very small compared to the control drug effect (e.g., a 10% margin in an antibiotic trial in
urinary tract infections where response rate is 80%), it might be concluded that the
effectiveness of the test drug and control are very similar.

B. Practical Considerationsin Use of NI Designs
1. Consider Alternative Designs

ICH E10 identifies a wide variety of study designs that may be better than an NI design in
situations where there is difficulty or uncertainty in setting the NI margin, or where the NI
margin needs to be so small that the NI study sample size becomes impossibly large.

e Add-on study

In many cases, for a pharmacologically novel treatment, the most interesting question
is not whether it is effective alone but whether the new drug can add to the
effectiveness of treatments that are already available. The most pertinent study would
therefore be a comparison of the new agent and placebo, each added to established
therapy. Thus, new treatments for heart failure have added new agents (e.g., ACE
inhibitors, beta blockers, and spironolactone) to diuretics and digoxin. As each new
agent became established, it became part of the background therapy to which any new
agent and placebo would be added. This approach is also typical in oncology, in the
treatment of seizure disorders, and, in many cases, in the treatment of AIDS.

e |dentifying a population not known to benefit from available therapy in which a
placebo-controlled trial isacceptable

In many outcome study settings, effectiveness is established for some clinical settings
(e.g., severe disease) but not others. Therefore, it may be possible to study less
severely ill patients in placebo-controlled trials. The demonstration that simvastatin
was effective in hypercholesterolemic post-infarction patients (4S), for example, did
not forestall studies of statins in hypercholesterolemic non-infarction patients
(WOSCOPS) or in patients with lesser degrees of hypercholesterolemia (TEXCAPS).
This is legitimate so long as one does not in fact know the treatment is of value in the
new study population. Recently, it has been possible to study angiotensin receptor
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blockers (ARBs) in heart failure in a placebo-controlled trial in patients intolerant of
ACE inhibitors (known to improve survival). It would not have been possible to deny
a more general population of heart failure patients an ACE inhibitor.

e Early escape, rescue treatment, randomized withdrawal

In symptomatic conditions, there may be reluctance to leave people on placebo for
prolonged periods when effective therapy exists. It is possible to incorporate early
escape/rescue provisions for patients who do not respond by a particular time, or to
use a design that terminates patients on first recurrence of a symptom such as unstable
angina, grand mal seizure, or paroxysmal supra- ventricular tachycardia. To evaluate
the persistence of effects over time, where conducting a long-term placebo-controlled
trial would be difficult, a randomized withdrawal study can be used. Such a study
randomly assigns patients treated with a drug for a long period to placebo or
continued drug treatment. As soon as symptoms return, the patient is considered to
have had an endpoint. This design was first suggested to evaluate long-term benefit
in angina.

2. Number of Sudies Needed

Ordinarily, with exceptions allowed by the FDA Modernization Act of 1997 (the
Modernization Act), FDA expects that there will be more than one adequate and well (]
controlled study supporting effectiveness. The Modernization Act allows one study plus
confirmatory evidence to serve as substantial evidence in some cases, and FDA has discussed
in guidance (Providing Clinical Evidence of Effectiveness for Human Drug and Biological
Products) when a single study might be sufficient.

Where there is uncertainty about the historical effect size (and thus M) because of variability
or reliance on a single historical study, it will usually be necessary to have more than one NI
study to support effectiveness.

Where the studies are of relatively modest size (e.g., most antibiotic NI trials), there is no
impediment to conducting more than one NI trial. When the trials needed are very large (to
have adequate statistical power), however, this may become a significant problem and it is
worth considering what might make a single trial persuasive. Generally, two considerations
might do so: (1) prior information, (2) a statistically persuasive result.

e Prior information

It is common in NI trials for the test drug to be pharmacologically similar to the active
control. (If they were not pharmacologically similar, an add-on study would usually have
been more persuasive and more practical). In that case, the expectation of similar
performance (but still requiring confirmation in a trial) might make it possible to accept a
single trial and perhaps could also allow less conservative choices in choosing the non!’
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inferiority margin. A similar conclusion might be reached when other types of data are
available, for example:
o If there were a very persuasive biomarker confirming similar activity of the test drug
and active control (e.g., tumor response, ACE inhibition, or extent of beta blockage)
e [f the drug has been shown to be effective in closely-related clinical settings (e.g.,
effective as adjunctive therapy with an NI study of monotherapy)
o [f the drug has been shown to be effective in distinct but related populations (e.g.,
pediatric versus adult)

e Statistically persuasive result

A conclusion that an NI trial can be considered statistically persuasive can be reached in
several ways, including the internal consistency of the NI finding, and the margin that is
ruled out with a two-sided 95% confidence interval. It is important to recognize that there
are two margins of interest, M; and My. In an NI study, the clinically determined margin M,
is smaller, often considerably smaller, than M;, which addresses the question of whether the
test drug has any effect. For example, M, might be chosen to be 40% of M, By meeting
this M, criterion, ruling out a loss of 40% of the effect of the control, a single NI study
provides reasonable assurance that the test drug preserves a clinically sufficient fraction (at
least 60%) of the effect of the control treatment. At the same time, it provides strong
assurance (probably equivalent in strength to p < 0.001 in a superiority trial) that the test drug
has an effect greater than zero. Particularly where there is strong prior information on the
effectiveness of the pharmacological class being studied in the NI trial, showing non(’
inferiority using M, thus provides very strong evidence, analogous statistically to the 2
studies (at p < 0.05) standard for difference—showing trials, that the new drug has an effect.
In such cases, a single such trial would usually be a sufficient basis for approval. Where the
effect of the drug is particularly critical, of course, it might be considered necessary to
demonstrate that loss of M; has been ruled out in more than one study.

In some cases, a study planned as an NI study may show superiority to the active control.
ICH E-9 and FDA policy has been that such a superiority finding arising in an NI study can
be interpreted without adjustment for multiplicity. Showing superiority to an active control
is very persuasive with respect to the effectiveness of the test drug, because demonstrating
superiority to an active drug is much more difficult than showing superiority to placebo.
Similarly, a finding of less than superiority, but with a 95% CI upper bound for C-T
considerably smaller than M, is also statistically persuasive.

3. Satistical Inferences

The designer of an NI trial might hope that the test drug is actually superior to the control. It
is possible to design the NI study to first test the hypothesis of NI with the pre-specified
margin, and then if this test is successful, proceed to analyze the study for a superiority
conclusion. This sequential strategy is entirely acceptable. No statistical adjustment is
required. A possibility that has thus far had relatively little attention is to have different
endpoints with different goals (e.g., superiority on the composite endpoint of death, AMI,
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and stroke, but NI on death alone). The multiple endpoints would require some alpha
adjustment in such a case, but the procedures here are not well defined. Similarly, if a study
had several doses, with interest in NI on each of them and, at the same time, interest in a
potential superiority finding for one or more doses, the analytical approach is not yet fully
established, although it is clear that some correction for multiplicity would be needed.

Seeking an NI conclusion in the event of a failed superiority test would almost never be
acceptable. It would be very difficult to make a persuasive case for an NI margin based on
data analyzed with study results in hand. Ifit is clear that an NI conclusion is a possibility,
the study should be designed as an NI study.

4. Choice of Active Control

The active control must be a drug whose effect is well-defined. The most obvious choice is
the drug used in the historical placebo-controlled trials. Where studies of several
pharmacologically similar drugs have been pooled, which is often done to obtain a better
estimate of effect and a narrower confidence interval, and thus a larger M, the choice may
become complicated. In general, if the drugs in a meta-analysis of placebo-controlled trials
seem to have similar effects, any of them could be used as an active control. If their
observed treatment effects differ, however, even if not significantly, the one with the highest
point estimate of effect should ordinarily be used.

5. Choice of NI Method

The various approaches to calculating the NI margin and analyzing an NI study will be
discussed in detail in section IV, but the most straightforward and most readily understood
approach will be described here. This method is generally referred to as a fixed margin
method and the 95%-95% method (or 90%-95% method, depending on the Cls used to
calculate the NI margin) method. The first 95% refers to the confidence interval used to
choose the effect size from the historical data, and the second 95% refers to the confidence
level used to reject the null hypothesis in the NI study. This approach is illustrated by FDA’s
evaluation of thrombolytics (TPA). To calculate the NI margin, all available placebo!
controlled trials of streptokinase, the active comparator or control, were pooled, giving a
point estimate for the effect on survival of a 25% reduction in mortality, with a one-sided
95% lower bound of 22%. As 22% represented the risk reduction by streptokinase compared
to placebo, this was translated to the risk increase from being on placebo (1 + .78, or 1.28).
The NI study would therefore have had to rule out a 28% increase in risk (the risk increase
from a placebo) from not being on TPA. There was a clinical decision to ensure that not
more than 50% of the effect of streptokinase was lost, giving an NI margin (M,) of 1.14, the
95% upper bound of the relative risk for TPA versus streptokinase (see section IV.B.2.c for
further discussion of this calculation).

This approach is relatively conservative, as it keeps separate the variability of estimates of
the treatment effect in the historical studies and the variability observed in the NI study, and
uses a fixed value for the estimate of the control effect based on historical data (the 90% or
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95% CI lower bound), a relatively conservative estimate of the control drug effect. On the
other hand, a conservative estimate of an important endpoint such as mortality is not
necessarily unreasonable, particularly given the uncertainties associated with an NI design.

V. CHOOSING THE NON-INFERIORITY MARGIN AND ANALYZING THE
RESULTSOF AN NI TRIAL

A. | ntroduction

This section will discuss how to determine the magnitude of the largest acceptable non!
inferiority margin, M, and the clinical margin, M», and how to analyze the NI study. M, is
the effect the active control (also called positive control) is thought to have had in the NI
study. As the effect of the active control in the NI study is not measured (there is no placebo
group), this effect must be assumed. The assumed value is based on the analysis of the effect
of the active control seen in past controlled studies. M, reflects the clinical judgment about
how much of M, should be preserved by ruling out a loss of M. Thus, if it were concluded
that it would be necessary for a test drug to preserve 75% of a mortality effect, M, would be
25% of M, the loss of effect that must be ruled out. It must be appreciated that subjectivity
and judgment are involved in all aspects of these determinations, a fundamental difference
from a superiority study where all the critical information is measured and no assumptions
are needed. This guidance will address how these judgments should be made in selecting the
margin selection specified in the NI analysis.

As described in section III, the selection of a margin for an NI study is a two-step process.
The first step involves making a reasonable assumption about the effect of the active
comparator in the NI study. M; is chosen to equal that treatment effect. If the advantage of
the control over the test drug in the NI study is larger than M, then the test drug has not been
shown to have any effect. Effectiveness is therefore demonstrated by showing that the
advantage of the control over the test drug (C-T) is smaller than M;. This can be
demonstrated by showing that the upper bound of the 95% CI of C-T is below M.

This is very similar to testing a superiority finding at P <0.05. If we rule out loss of the entire
assumed effect of the control, we can conclude that the test drug is superior to placebo. In
most situations where active control studies are used, however, assuring some effect greater
than zero is not clinically sufficient, and the second step in selecting the NI margin is
choosing a specified portion of the control effect (M) whose loss by the test product must be
ruled out. This new non-inferiority margin is called M, and is based upon clinical judgment.
The multiple steps and assumptions that are made in determining an NI margin are all
potential sources of uncertainty that may be introduced into the results and conclusions of an
NI study. This guidance attempts to identify these sources and suggest approaches to
accounting for these uncertainties so that we can reduce the possibility of drawing false
conclusions from an NI study.

Conceptually, the NI study design provides two comparisons: (1) a direct comparison of the
test drug with the active comparator drug, and (2) an indirect comparison of the test drug to
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placebo, based on what is known about how the effect of the active comparator compares to
placebo. The entire NI trial concept depends on how much is known about the size of the
treatment effect the active comparator will have in the NI study compared to no treatment,
but this effect size is not measured in the NI study and must be assumed, based on an
analysis of past studies of the control. The validity of the NI trial depends wholly on the
accuracy of the assumed effect on the control.

The assumed effect size of the active control in the NI study is based on evidence of that
effect derived from past trials, usually trials comparing control with placebo, but trials
assessing dose-response, active comparison trials, and even historically controlled trials
could play a role. Having assessed the effect of the active control in the past and establishing
HESDE (Historical Evidence of Sensitivity to Drug Effect — ICH E-10), it is then necessary
to decide whether that effect can be presumed to be present in the new study (the constancy
assumption) or must be adjusted in some way based on differences between present-day and
historical trials that would reduce the active control effect size. This will be discussed further
in section [V.B.2.d. It is also critical to ensure study quality in the NI trial, because poor
quality can reduce the control drug’s effect size and undermine the assumption of the effect
size of the control agent, giving the study a “bias toward the null,” which in this case
represents the desired outcome.

Having established a reasonable assumption for the control agent’s effect in the NI study,
there are essentially two different approaches to analysis of the NI study, one called the fixed
margin method (or the two confidence interval method) and the other called the synthesis
method. Both approaches are discussed in later sections of section IV and use the same data
from the historical studies and NI study, but in different ways.

Briefly, in the fixed margin method, the margin M, is based upon estimates of the effect of
the active comparator in previously conducted studies, making any needed adjustments for
changes in trial circumstances. The NI margin is then pre-specified and it is usually chosen
as a margin smaller than M, (i.e., M), because it is usually felt that for an important endpoint
a reasonable fraction of the effect of the control should be preserved. The NI study is
successful if the results of the NI study rule out inferiority of the test drug to the control by
the NI margin or more. It is referred to as a fixed margin analysis because the past studies
comparing the drug with placebo are used to derive a single fixed value for M;, even though
this value is based on results of placebo-controlled trials (one or multiple trials versus
placebo) that have a point estimate and confidence interval for the comparison with placebo.
The value typically chosen is the lower bound of the 95% CI (although this is potentially
flexible) of a placebo-controlled trial or meta-analysis of trials. This value becomes the
margin M, after any adjustments needed for concerns about constancy. The fixed margin
M, or M, if that is chosen as the NI margin, is then used as the value to be excluded for C-T
in the NI study by ensuring that the upper bound of the 95% CI for C-T is < M; (or My).

This 95% lower bound is, in one sense, a conservative estimate of the effect size shown in
the historical experience. It is recognized, however, that although we use it as a “fixed”
value, it is in fact a random variable, which cannot invariably be assumed to represent the
active control effect in the NI study.
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The synthesis method, derived from the same data, combines (or synthesizes) the estimate of
treatment effect relative to the control from the NI trial with the estimate of the control effect
from a meta-analysis of historical trials. This method treats both sources of data as if they
came from the same randomized trial, to project what the placebo effect would have been had
the placebo been present in the NI trial. The process makes use of the variability from both
the NI trial and the historical trials and yields one confidence interval for testing the NI
hypothesis that the treatment rules out loss of a pre-specified fixed fraction of the control
effect, without actually specifying that control effect or a specific fixed NI margin based on
the control effect.

B. Statistical Uncertaintiesin the NI Study and Quantification of Treatment
Effect of Active Control

1. What are the Sources of Uncertainty in an NI Study?

There are three major sources of uncertainty about the conclusions from an NI study. Two
of these relate to estimating the size of the effect the active control will have in the NI study
because that value is the basis for choosing M, the non-inferiority margin whose exclusion
will be used to conclude that the test drug has an effect. The third is the degree of statistical
assurance needed in the NI study itself to determine whether the chosen NI margin has in fact
been ruled out.

The first source of statistical uncertainty involves the precision (or variability) of the estimate
of the active comparator treatment effect that is derived from an analysis of past data
(HESDE), whether this is based on a single randomized active comparator placebo-controlled
trial or from multiple trials. The uncertainty of this treatment effect estimate is quantified
statistically by using confidence intervals to describe the range within which the true
treatment effect size is likely to fall. As described in section I1I, assurance that the active
control will produce a specific effect (at least M) in the NI study is the single most critical
determination to be made in planning the NI study. Using the point estimate of the treatment
effect would not be an acceptable choice for the true treatment effect in the NI study because,
on average, half of all trials, even if the historical estimate is correct, would be expected to
have a smaller effect, so that one could not be reasonably sure such an effect of the control
was present in the NI study. It has therefore become common practice to examine the
confidence interval for the effect in historical experience and choose an effect that is
reasonably sure to be present in a new study, such as the lower bound of a 95% confidence
interval for the historical experience.

Particular problems arise when there is only a single historical study, as there is no
information about study-to-study variability (although of course, the confidence interval is
likely to be wider when there is only one study), when there are multiple studies but
substantial inconsistency in effect sizes among them, and when data from several
pharmacologically related drugs are used to develop the estimate for the effect of the active
control. When more than a single active comparator study is available, it is necessary to
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examine the results from each of the studies to determine whether the treatment effects are
consistent among studies or whether there are some studies where the estimate of the
treatment effect is zero. The need for some consistency of the active comparator effect size
is important and should be considered when choosing M. There are also circumstances that
might support a less conservative choice for M, than the lower bound of the 95% CI for the
historical experience. These include factors that strongly support the expectation of a similar
clinical effect with the test drug, such as pharmacologic properties of the test drug that are
very similar to those of the active control or an effect of the test drug on a persuasive
biomarker.

The second source of uncertainty is not statistically based but rather arises from the concern
that the effect size estimated from past studies will be different from (larger than) the effect
of the active control in the current NI study. The need to assume that the effect will be
unchanged is often referred to as the “constancy assumption.” If the assumption is incorrect,
and the effect size in the current NI study is smaller than the estimated effect from historical
studies, M; will have been incorrectly chosen (too large) and an apparently successful study
showing NI could have given an erroneous result. Lack of constancy can occur for many
reasons, including advances in adjunctive medical care, differences in the patient
populations, or changes in the assessment of the endpoints under study. As noted in section
I, there is some experience to support the view that in outcome studies, the absolute size of
the treatment effect is more likely to be variable and sensitive to the background rates in the
control group than is the risk reduction. The risk reduction may thus be a more constant (see
section IV.B.2.c. on choice of metrics) measure of control drug effect than the absolute
effect. How to adjust the NI margin for concerns about constancy is inevitably a matter of
judgment.

The third source of uncertainty involves the risk of making a wrong decision from the test of
the non-inferiority hypothesis in the NI study (i.e., concluding that C-T < M; when it is not).
This uncertainty is referred to as the Type I error, or the false positive conclusion risk, and is
similar to the concern in a placebo-controlled trial that one might mistakenly conclude that a
drug is more effective than placebo. It is, in other words, present in any hypothesis-testing
situation. In the NI case, the statistical test is intended to ensure that the difference between
control and test drug (C-T, the degree of superiority of the control over the test drug) is
smaller than the NI margin, meaning that some of the effect of the control is preserved (if Cl
T <M,) or that a sufficient amount is preserved (if C-T < M;). Typically, the one-sided
Type 1 error is set at 0.025, by asking that the upper bound of the 95% CI for C-T be less
than the NI margin; this is roughly similar to the usual statistical test for a placebo-controlled
trial. If only one NI study is going to be conducted, the probability of a Type 1 error can be
made smaller by requiring that the upper bound of a CI greater than 95% be calculated and
be less than the margin. This is similar to what is a commonly done for a single placebo!
controlled trial (e.g., testing at an alpha of 0.001 instead of 0.05). As noted earlier, however,
there may be prior information that eases this concern, and a single study at the usual Type 1
error boundary (0.025) may be considered sufficient if, for example, the drug and active
control are pharmacologically similar.

20



822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866

Contains Nonbinding Recommendations
Draft — Not for Implementation

This guidance will discuss the impact of the first two sources of uncertainty on the
quantitative approaches to estimating the control treatment effect under different assumptions
for these uncertainties, as well as the choice of margin to use in hypothesis testing.

2. Quantification of the Treatment Effect of the Active Comparator

Past controlled studies of the active control provide the empirical data for estimating the size
of the treatment effect of the active comparator drug. The magnitude of that treatment effect,
which will be the initial basis for determining the control drug effect that can be assumed to
be present in the NI study, is critical to determining whether conducting an NI study is
feasible. If the active comparator has a small treatment effect, or an effect only marginally
distinguished from placebo, or an inconsistent effect, an active controlled study designed to
show non-inferiority is likely to require a very large sample size or not be practical at all.

The magnitude of the treatment effect of the active comparator may be determined in several
ways, depending upon the amount of data and the number of separate studies of similar
design available to support this determination. The availability of many independent studies
is generally more informative for this determination, because the estimate of the active
comparator treatment effect size can be more precise and less subject to uncertainty, and
because it becomes possible to judge the constancy of the effect for at least the period of the
studies.

a. Determining HESDE from a single study

The most common situation in which an NI design is used involves outcome studies where
the active control drug has been approved for use to reduce the risk of major events (death,
stroke, or heart attack). It is not unusual for such approval to have been based on a single
study in a specific setting, although there may be other pertinent data in related conditions or
in different populations, or with pharmacologically similar drugs. Generally, basing an NI
margin on a single randomized placebo-controlled superiority study would need to take into
account the variability of the data in that study. The estimate of the treatment effect is
usually represented by some metric such as the difference between the event rate in the active
treatment group and the placebo control group, which can be an absolute difference in event
rates or a risk ratio. The treatment effect has an uncertainty that is usually measured by the
confidence interval, a representation of where the result is likely to be 95% of the time (for a
95% CI) in a future study. As a crude gauge, the lower bound of the 95% CI is
approximately the effect size demonstrated at a p-value of 0.025 one-sided. It is common to
use this value as the effect size we can be reasonably sure the active control had in the
historical study and is very likely to have in a future NI study. It is, on average, a low
estimate of the effect of the drug, and is “conservative” in that sense, but it is an effect size
that has a high probability of being achieved by the active control in the NI study. In
contrast, the point estimate of the effect seen in the historical study represents an effect size
that may be closer to the true effect of the active control but is one that may not be obtained
in a substantial fraction of any new studies. It is critical to choose the estimate of effect size
conservatively (i.e., one that previous studies show is very likely to be attained in the NI
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study) because the entire logic of the NI study rests on assurance that the active control in the
NI study has an effect size at least equal to M, the largest possible NI margin.

Generally, therefore, for the fixed margin approach to setting the NI margin, the lower bound
of the confidence interval of the effect size of the active comparator in its historical placebol !
controlled experience is used to determine M, in order to be reasonably sure that the active
control will have at least the effect defined as the M, in the NI study. The situation improves
if the p-value of the estimated treatment effect is much smaller than 0.05, say in the range of
0.01 or 0.001 or even smaller, because in that case the lower bound of the 95% CI will
generally be well above zero (in absolute value) or 1.0 (for hazard ratio and other risk
estimates). In this case, we are more certain that the treatment effect is real and that the
effect of the control in the NI study will be of reasonable size.

When there is only a single trial, there is no objective assessment of study-to-study
variability, and there is inevitably concern about the level of assurance we can have that the
control will have an effect of a particular size in the NI study. A potential cautious approach
to account for this possible variability is to use the lower bound of a wider CI, such as the
99% CI. This is possible where the effect is very large, but will often yield an M, that
necessitates a very large NI trial. It may be reassuring in such cases if closely related drugs,
or the control drug in closely related diseases, have similar effects. A high level of internal
consistency in subpopulations (e.g., if the effect of the control drug is similar in subgroups
based on gender or age), could also provide some reassurance as to the reproducibility of the
result. Such findings might support use of the 95% CI lower bound even if there is only a
single study of the active control drug in the population to be studied in the NI trial.

b. Determining HESDE from multiple trials

Identical clinical trials in identical populations can produce different estimates of treatment
effect by chance alone. The extent to which two or more studies produce estimates of
treatment effect that are close is a function of the sample size of each study, the similarity of
the study populations, the conduct of the studies (e.g., dropout rates), and other factors that
are probably not measurable. Therefore, another source of uncertainty to be considered when
choosing a margin for the current NI study is the study-to-study variability in the estimate of
treatment effect.

When there are multiple studies of the active comparator treatment relative to a placebo or no
treatment, the opportunity exists to obtain an overall estimate of the active control treatment
effect as well as a measure of the study-to-study variability of that treatment effect. When
multiple studies of the active control are available, meta-analytic strategies may be used to
obtain a more precise estimate of the active control effects. But study-to-study variability in
the active comparator treatment effect is a critical consideration as well, because one of the
basic assumptions in NI studies is the consistency of the effect size between the historical
studies and the current NI study.
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Several special cases illustrate the use of multiple studies and problems that can arise. In
some of these, when the study-to-study variability is great, the need to provide assurance that
the control will have a definable effect size in the NI study (M) makes it necessary to adopt
a conservative estimate of the effect size.

1.

The ideal case is one where there are many studies, each of sufficient size to
demonstrate the effect of the active control, or where there are several large outcome
studies, each of which has demonstrated an effect of the control, and where the effect
sizes derived from these studies are reasonably consistent, so that a pooled estimate,
obtained by a meta-analytic approach, provides a very stable and precise estimate of
the control effect size (narrow 95% confidence bounds) and allows a choice of M; that
is large enough to allow a reasonable choice for an M, margin and for the design of an
NI study of reasonable size.

If there are many small studies, where some of them have not demonstrated an effect
of the active control, a pooled estimate of the active control effect size and its
confidence interval using a random effects model can still be useful, provided there is
no evidence of statistical heterogeneity among the study effect sizes.

If there are several large outcome studies, some variation of effect sizes is expected,
but it would be inappropriate to have the point estimate for one of these fall below the
95% CI lower bound of the pooled study data, suggesting that an explanation of these
differences is needed and, in the absence of such an explanation, that it is not possible
to determine an NI margin. In this case, a clear failure of one study to show any effect,
again, without good explanation, such as wrong choice of endpoint or study population
or inadequate sample size, would also argue against the use of an NI design.

There are sometimes several large trials of different drugs in a pharmacologic class.
Pooling them may allow calculation of a 95% CI lower bound with a narrower CI that
yields a higher estimate of the active control drug effect than would any single study.
The presumption that the pharmacologically similar drugs would have similar effects
may be reasonable, but care should be exercised in extending this assumption too far.

If the effect size of these different drugs varies considerably in the trials, it may be
reasonable to use the pooled data to estimate effect size, but it appears desirable to use
the drug with the largest effect (point estimate) as the active control in the NI study,
even if the pooled data (95% CI lower bound) are used to estimate the active control
effect size.

When an analysis is based on multiple studies, it is important to consider all studies and all
patients. Dropping a study that does not show an effect, unless there is a very good reason,
can overestimate the control drug effect and give a falsely high M. As noted above, the
existence of properly designed and sized studies that show no treatment effect of the active
comparator may preclude conducting NI studies with that active comparator unless there are
valid reasons to explain these results.
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Examples 1, 3, and 4 in the Appendix illustrate in more detail how multiple historical
placebo-controlled trials of the active comparator studies are evaluated.

c. Metrics of treatment effect

There are several different metrics that can be used to assess the treatment effect estimated in
an NI study. These include the following:

e The absolute difference between test and control groups in the proportions of
outcomes, cure rates, success rates, survival rate, mortality rate, or the like. This
metric is typically used in antibiotic trials.

e The relative risk, or risk ratio (RR), which is the ratio of the rate of events such as
death in the treatment and control groups. The risk reduction is 1-RR. Thus, if a
treatment has a relative risk of 0.8 compared to placebo, it gives a risk reduction of
20%.

e The hazard ratio is the ratio of the hazards with the test treatment versus the control,
much like relative risk, but it is a metric that represents the time specific rate of an
event. It is usually employed for time to event or survival type studies.

e The odds ratio is a ratio of the odds of success or survival (or failure/death) of one
treatment relative to the other. Note that when event rates are low, as is the case for
many cardiovascular outcome studies, risk ratios and odds ratios are quite similar.

e The log of the relative risk, the odds ratio, or the hazard ratio can be used to make the
metrics normally distributed and easier to evaluate in the analysis.

The metric used in calculating HESDE need not be the one used in the original study. If
placebo response rates differ markedly among several studies in a meta-analysis, it is
generally more sensible to analyze relative risk than absolute risk. It seems far more likely
that in the NI study it will be the risk reduction, not the absolute effect, that will be constant.

Another consideration that is important for characterizing the treatment effect for time to
event studies (which many mortality studies are) is the proportionality of the hazard ratio
over the time domain of study treatment exposure. Since the treatment effect is reduced to a
single estimated hazard ratio that expresses the treatment effect over the entire time period of
exposure, it is important to be aware of and check that the assumption of a proportional or
constant hazard ratio is appropriate for the drug and disease situation. The metric that is
chosen will determine how the metric behaves in different scenarios, and may be critical in
choosing the duration of the NI study.

Note that we are using the convention that for the ratio of risks (bad outcomes such as failure
rates or deaths) in the historical trials, risks are shown as control drug/placebo (i.e., the drug
is the numerator), so that the RR (or HR) will be less than 1. In an NI study, the control drug
becomes the denominator and the test drug is the numerator, with a risk increase to be ruled
out. For example, if the control gives a 25% risk reduction relative to placebo, what must be
ruled out to show that the NI margin is excluded is an increased risk of 33%, or an RR of
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1.33, calculated by dividing the active drug effect versus placebo into 1 (1+0.75=1.33). How
to calculate M is not entirely straightforward. If we take half of the control effect versus
placebo, for an HR of 0.875, then convert that to the risk increase to be ruled out, we get
1+0.875 or 1.14. If, on the other hand, we take half of the 33% increase calculated earlier,
we get 1.165.

Whether to calculate M, before or after changing numerator and denominator is not settled.
A way to calculate the margin without this asymmetry is to convert the HR to the natural
logarithm scale. When the natural logarithm transformation of the risk ratio is used, that is,
log (A/B) and log (B/A), the two logs have the same magnitude except that the signs are
opposite. In the previous example, for 50% retention of the 25% risk reduction in the NI
study, the non-inferiority margin for log (T/C) is the mid-point between log (4/3) and zero.
By converting log risk ratio back to risk ratio, the non-inferiority margin for T/C is the square
root of 4/3, giving a value of 1.155. The margin calculated that way then falls between the
1.14 and 1.165 calculated previously.

The difference between expressing the treatment effect as the absolute difference between
success rates in treatment groups and as the relative risk or risk ratio for success on the test
treatment relative to the active comparator is illustrated in the following two examples.

For the first example, consider a disease where the cure rate is at least 40% in patients
receiving the selected active control and 30% for those on placebo, a 10% difference in cure
rates. If the purpose of an NI study is to demonstrate that the test product is effective (i.e.,
superior to a placebo), then the difference between the test product and active control in the
NI study must be less than 10%. The margin M; would then be 10%. If the additional
clinical objective is to establish that the test product preserves at least half of the active
control’s effect, then the cure rate of the test product must be shown to be less than 5% worse
than the control, the M, margin.

This approach depends on the control drug’s having an effect of at least 10% greater than a
placebo (had there been one) in the NI study. If the population in the NI study did not have
such a benefit (e.g., if the patients all had viral illnesses such that the benefit was less than
10%), then even if the 5% difference were ruled out, that would not demonstrate the desired
effectiveness (although it would seem to). Note that in this case, if the true effect of the
control in the study were 8%, then ruling out a 5% difference would in fact show some effect
of the test drug, just not the desired 50% of control effect.

The second example illustrates a non-inferiority margin selected for the risk ratio
(test/control) metric. Let C and P represent the true rates of an undesirable outcome for the
control and a placebo, respectively. The control’s effect compared to placebo is expressed by
the risk ratio, C/P. A risk ratio of 1 represents no effect; a ratio of less than 1 shows an
effect, a reduction in rate of undesirable outcomes.

Metrics like the risk ratio may be less affected by variability in the event rates in a placebo
group that would occur in a future study. For example, a risk ratio for the event of interest of
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3/4 =0.75 can be derived from very different absolute success results from different studies,
as shown in the table below. While the risk ratio is similar in all four hypothetical studies,
the absolute difference in success rates ranges from 5% to 20%. Suppose that the NI margin
were based on historical studies showing control drug effects like those in the fourth study.
The NI margin would then be chosen as 20%. Now suppose that under more modern
circumstances the NI study had a control rate more like Study 1 and an effect size vs. placebo
of far less than 20%. An NI margin (M;) of 20% would then be far greater than the drug
effect in the NI study, and ruling out a difference of 20% would not demonstrate
effectiveness at all. Thus, if the NI margin were chosen as ruling out an inferiority of 33%
(or a relative risk of 1.33, i.e., 1 + 0.75), if the control rate were 15%, the difference (M,)
between test and control would need to be less than 5% (15% x 1.33 =20%, or 5% > the
15% rate in the active control group).

Study Number Risk Ratio (C/P) Control rate Placebo rate
Study 1 3/4 15% 20%
Study 2 3/4 30% 40%
Study 3 3/4 45% 60%
Study 4 3/4 60% 80%

In this case, where absolute effect sizes vary but risk reductions are reasonably constant, the
risk ratio metric provides a better adjustment to the lower event rate in the NI study.

These examples illustrate the importance of understanding how a particular metric will
perform. The choice between a relative metric (e.g., risk ratio) and an absolute metric (e.g., a
difference in rates) in characterizing the effects of treatments may also be based upon clinical
interpretation, medical context, and previous experience with the behavior of the rates of the
outcome.

d. The Concept of “Discounting” the Treatment Effect Size to Account for
Various Sources of Uncertainty

One of the strategies employed in choosing the margin M, for the NI study design is that of
“discounting” or reducing the magnitude of the margin size that is used in the NI study from
what is calculated from the analysis of HESDE. Such discounting is done to account for the
uncertainties in the assumptions that need to be made in estimating, based on past
performance, the effect of the active control in the NI study. This concept of discounting
focuses on M, determination and is distinct from a clinical judgment that the effect that can
be lost on clinical grounds should be some fraction of M; (i.e., My). As discussed above,
there are uncertainties associated with translating the historical effect of the active control
(HESDE) to the new situation of the active control NI trial, and it is tempting to deal with
that uncertainty in the constancy assumption by discounting the effect (“take half). To the
extent possible, concerns about the active control effect should be as specific as possible,
should use available data (e.g., magnitude of possible differences in effect in different patient
population, consistency of past studies, and consistency within studies across population
subsets should be examined), and should take into account factors that reduce the need for a
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conservative estimate, such as the pharmacologic similarity of the test and control drugs and
pharmacodynamic effects of the new drug, rather than reflecting “automatic discounting.
Having considered these matters, if significant uncertainties remain, an approach that further
discounts or reduces, say by 25%, the magnitude of the active control effect based on
HESDE can be considered.

A closely related issue is adjustment of M, to reflect a finding that the population in the NI
study was different from the historical study in such a way that what the historical experience
shows would lead to a smaller effect size (e.g., a finding of a smaller effect in women would
need to be considered in assessing the validity of M, if the NI study had substantially more
women than the historical studies). In general, the assessment of the historical data should
identify such differences so that plans for the NI study take this into account or so that the
value of M, can be revisited in light of the study population included in the NI study.

C. Statistical Methodsfor NI Analysis

Several approaches are used to demonstrate statistically that the NI objective is met. Each
statistical approach to demonstrating NI depends upon a number of factors including:

e What assumptions are made and how verifiable or empirically demonstrable these
assumptions are

e The degree to which judgment, both statistical and clinical, is exercised in accounting
for the various uncertainties in the data from the current NI study and also from the
clinical trials of the active control that are the basis for estimating its effect

e The clinical judgment of how much of the treatment effect of the active comparator
can be lost (M; selection)

As noted earlier, the two main approaches to demonstrating non-inferiority are the fixed
margin method and the synthesis method.

Each of these statistical approaches uses the same data from the previously conducted
controlled trials of the active control and the same data from the current NI study, but the
approaches are different in several ways. The first is with regard to their emphasis on the
specific determination for M; before determining M,. There is also a difference between
them in how the data from the historical studies and the NI study are used or combined.
What follows is a guide to the differences between the two approaches. Examples 1(A) and
1(B) in the Appendix provide more detailed illustrations of how each of these approaches is
used and interpreted. In general, the fixed margin approach is more conservative and treats
the variance of the NI study and historical evidence distinctly. That is, a very large historical
database will give a narrower CI and larger 95% lower bound for M, but it will not directly
figure into the test drug versus placebo calculation, as is done in the synthesis method.
Concern about using the synthesis approach reflects our view that the method incorporates
too much certainty about the past results into the NI comparison. We believe the fixed
margin approach is preferable for ensuring that the test drug has an effect greater than
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placebo (i.e., the NI margin M; is ruled out). However, the synthesis approach, appropriately
conducted, can be considered in ruling out the clinical margin M,.

1. TheFixed Margin Approach for Analysis of the NI Study

Sections IV.B.2.a and B.2.b contain discussions of the basic statistical approach to estimating
the active comparator treatment effect size from past controlled trials. The goal of these
analyses is to define the margin My, a fixed value, based on the past effect of the active
control, which is intended to be no larger than the effect the active control is expected to have
in the NI study. Whether M, is based on a single study or multiple studies, the observed (if
there were multiple studies) or anticipated (if there is only one study) statistical variation of
the treatment effect size should contribute to the ultimate choice of M, as should any
concerns about constancy. The selection of M, is then based on clinical judgment regarding
how much of the M, active comparator treatment effect can be lost. The exercise of clinical
judgment for the determination of M; should be applied after the determination of M; has
been made based on the historical data and subsequent analysis.

All relevant studies of the active comparator and all randomized patients within these studies
should generally be used in determining the margin M; because that provides a more reliable
and, possibly, conservative estimate. The actual selection of which studies are used in a
meta-analysis and how that selection is made can be complex and itself subject to judgment.
See Examples 1(A), 3, and 4 that illustrate these points in the Appendix.

The design and analysis of the NI study, and its analysis using the fixed margin approach, is
well known and described in ICH E9, section 3.3.2. This statistical approach relies upon the
choice of a fixed non-inferiority margin that is pre-specified and part of the NI design. There
is very little, however, in ICH E9 or ICH E10 that discusses just how to determine the
margin. Although the constancy assumption and study quality issues are recognized, there is
little discussion about how to adjust the margin because of such statistical or study data
uncertainties. Any discounting of the historical evidence of the effect of the active control
based on uncertainty of the constancy of the effect (e.g., because of changes in practice or
concomitant treatment), which is an attempt to improve the estimate of the control effect in
the NI study, affects the M, as well, as in most cases M is a fraction of M;. M, might not be
affected when it is very small compared to My, as is the case in considering very effective
drugs. It is critical to note that M, is a judgment that is made after M; is chosen, but M, of
course, can never be larger than M;. It is perhaps tempting to make up for uncertainty in M,
by demanding assurance of preservation of a larger fraction of M, by ruling out a smaller
loss of effect (i.e., using a smaller M,), but the temptation should be avoided. The first and
most critical task in designing an NI study is obtaining the best estimate of the effect of the
active control in the NI study (i.e., M).

Operationally, the fixed margin approach usually proceeds in the following manner. The
active comparator effect size is calculated from past placebo-controlled studies. The lower
bound of the confidence interval describing the effect of the active control in past studies, a
single number, is selected as a conservative choice for the active comparator effect size.
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While traditionally the 95% confidence interval is used, there can be flexibility in this choice,
such as a 90% confidence interval or even narrower, when the circumstances are appropriate
to do so (e.g., strong evidence of a class effect, strong biomarker data). It is recognized that
use of a fixed margin to define the control response is conservative as it picks a “worst case”
out of a confidence interval that consists of values of effect that are all larger. This choice,
however, is one response to the inherent uncertainty of estimates based on past studies,
including the variability of those past estimates, and the possibility that changes in medical
practice, or hard to recognize differences between the past studies and the current NI study,
have made the past effect an overestimate of the active control effect in the new study.

Although some of the uncertainty about applicability of past results to the present is reflected
in a conservative choice of margin (95% of CI lower bound) used to initiate consideration of
M, there may be further concerns about past variability and constancy that lead to a
determination to discount this lower bound further in choosing M; to account for any sources
of uncertainty and dissimilarities between the historical data and the NI study to be
conducted, as discussed in the earlier sections. Following this, a clinical judgment is made as
to how much of this effect should be preserved. This clinical judgment could choose M, to
be the same as M, but as noted, where the treatment effect is important (e.g., an effect on
mortality) it is usual to ask that a reasonable fraction of the control effect be preserved, by
making M,, the loss of effect to be ruled out, smaller than M;. Choosing M; as 50% of M,
has become usual practice for cardiovascular (CV) outcome studies, whereas in antibiotic
trials, where effect sizes are relatively large, a 10-15% NI margin for M, is common. Note
that the M, of 50% of M; is on a relative scale, whereas the 10-15% is on the absolute scale
for antibiotic drugs. The analysis of the NI study involves only the data from the NI study,
and the test of the hypothesis that inferiority greater than the M, margin has been excluded is
statistically similar to showing that the 95% CI in a superiority study excludes a difference of
Zero.

Thus, there are two confidence intervals involved in the fixed margin approach, one from the
historical data, where one uses the lower bound to choose M, and one from the NI study (to
rule out C-T > My); in this example both intervals are 95% confidence intervals. That is why
this fixed margin approach is sometimes called the 95%-95% method. It should be
appreciated that the analysis of the NI study (ruling out a difference > M, by examining the
lower bound of the CI for C-T) is the analysis that is based on the randomized comparison in
the NI study, in contrast to the determination of M;, which is not based on a concurrent
randomization.

Separating the process of estimating the treatment effect of the active comparator based upon
the historical data (i.e., choice of M) from the analysis of the NI study has some advantages
and disadvantages. Two important advantages are that it provides a single number that is
clinically understandable for an M; (and derived M>) and that it provides a basis for planning
the sample size of the NI study to achieve statistical control of Type 1 error and the power
needed for the NI study to meet its objective for the pre-specified NI margin. One arguable
disadvantage is that the method is statistically not efficient because it uses the two confidence
interval approach rather than a combined estimate of the statistical variability of the historical
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and NI study data. Nevertheless, use of the fixed margin is readily understood, particularly
by non-statisticians, and is only somewhat conservative compared to an analysis using the
synthesis approach. Decisions to discount the M; further or, where appropriate, to use a
narrower confidence interval, are easily explained, and can make the fixed margin approach
more or less conservative.

Deciding on the NI clinical margin M, is also a relatively straightforward concept. It is
plainly a matter of judgment about how much of the treatment effect must be shown to be
preserved, a consideration that may reflect the seriousness of the outcome, the benefit of the
active comparator, and the relative safety profiles of the test and comparator. It also has
major practical implications. In large cardiovascular studies, it is unusual to seek retention of
more than 50% of the control drug effect even if this might be clinically reasonable, because
doing so will usually make the study size infeasible.

The fixed margin approach considers the NI margin as a single number, fixed in advance of
the NI study. The hypothesis tested in the NI study determines whether the comparison of
the test drug to the active control meets the specified NI criterion, assuming, of course, that
the active control had at least its expected effect (equal to M;) and that the study therefore
had assay sensitivity. A successful NI conclusion, ruling out a difference > M, shows that
the test drug is effective (just as a superiority study showing a significant effect at p < 0.05
does) and, if a difference > M is also ruled out, shows that the new drug preserves the
desired fraction of the control drug’s effect. This statistical test of hypothesis is not formally
directed at determining whether the test drug would have been superior to a placebo, had a
placebo group been included in the NI study, but it leads to a similar conclusion by ruling out
the possibility that the test drug is inferior to the control by more than an amount equal to the
whole effect of the control compared to placebo (that effect being known from past studies).

The possible outcomes of such trials are shown in Figures 2 and 3 in section III of this
guidance.

2. The Synthesis Approach for Analysis of NI

An alternative statistical approach is known as the synthesis approach because it combines or
synthesizes the data from the historical trials and the current NI trial, reflecting the variability
in the two data sets (the current NI study and the past studies used to determine HESDE).
The synthesis method is designed to directly address the question of whether the test product
would have been superior to a placebo had a placebo been in the NI study, and also to
address the related question of what fraction of the active comparator's effect is maintained
(the loss to be ruled out) by the test product. In the synthesis approach, the NI margin is not
predetermined, but the outcome of the NI study, a consideration of the effect of the test agent
vs. placebo, can be judged for adequacy.

Although the synthesis approach combines the data from the historical trials into the

comparison of the concurrent active comparator and the test drug in the NI study, a direct
randomized concurrent comparison with a placebo is of course not possible, as the placebo
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group is not a concurrent control and there is no randomization to such a group within the NI
study. The imputed comparison with a placebo group that is not in the NI study thus rests on
the validity of several assumptions, just as the fixed margin approach does. The critical
assumption of the constancy of the active control effect size derived from the historical
controlled trials is just as important when the synthesis method is used.

Because of the way the variance of the historical data and the NI data are combined for the
synthesis test, the synthesis test is more efficient (uses a smaller sample size or achieves
greater power for the same sample size) than the fixed margin approach but requires
assumptions that may not be appropriate. The statistical efficiency of the synthesis approach
derives primarily from how the standard error of the comparison of test product to active
comparator is dealt with. See Appendix, Example 1(B), for a comparison of the two methods
and the variance calculations.

The synthesis approach does not specify a fixed NI margin. Rather, the method combines (or
synthesizes) the estimate of treatment effect relative to the control from the NI trial with the
estimate of the control effect from a meta-analysis of historical trials. The method treats both
sources of data as if they came from the same randomized trial, to project where the placebo
effect would have been had the placebo been present in the NI trial. The synthesis process
makes use of the variability from the NI trial and the historical trials and yields one
confidence interval for testing the NI hypothesis that the treatment preserves a fixed fraction
of the control effect, without actually specifying that control effect or a specific fixed NI
margin based on the control effect. Clinical judgment is used to pre-specify an acceptable
fraction of the control therapy’s effect that should be retained by the test drug, regardless of
the magnitude of the control effect.

A disadvantage of the synthesis approach, however, is that it does not allow for a prel’
specification of the actual size or magnitude of the NI margin My, so the clinical judgment to
determine the choice of M, is difficult and is generally not made until results are seen.
Moreover, it may be unrealistic to assign the same weight to the variance of the historical
outcome data and to that of the concurrent randomized NI treatment As also noted, the
efficiency of the fixed margin approach can sometimes be enhanced either formally, by
including more trials (e.g., of related drugs) in the historical meta-analysis, and thereby
increasing the margin My, or, as a matter of judgment, by considering pharmacologic
similarities between the control and test drugs, effects on pertinent biomarkers (e.g., tumor
response rate), all of which could lead to choice of a fixed margin based on a less extreme
boundary of the confidence interval (e.g., 80% instead of 95%).

D. Considerationsfor Selecting M, the Clinical Margin, and the Role of
Subjective Judgment

M, is the margin that is the pre-specified NI margin that should be met in an NI study. The
determination of M3 is based on clinical judgment and is usually calculated by taking a
percentage or fraction of M. The clinical judgment in determining M, may take into account
the actual disease incidence or prevalence and its impact on the practicality of sample sizes
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that would have to be accrued for a study. There can be flexibility in the M, margin, for
example, when:

(1) The difference between the active comparator response rate and the spontaneous
response rate is large;

(2) The primary endpoint does not involve an irreversible outcome such as death (in
general, the M, margin will be more stringent when treatment failure results in an
irreversible outcome);

(3) The test product is associated with fewer serious adverse effects than other therapies
already available;

(4) The test product is in a new pharmacologic category and has been shown to be
tolerated by patients who do not tolerate therapies that are already available.

There is also a difference in implication when the study NI conclusion is “not quite”
significant (M; is not excluded) for M; and when this is the case for M,. Failure to exclude
inferiority equal to M; means there is no assurance of any effect. Just as, for a placebo!
controlled trial, it would be most unusual to accept as positive a study with p > 0.05, it would
be most unusual to accept an NI study where the upper bound of 95% CI was > M;. On the
other hand, failing to exclude M, by a small amount means that instead of ruling out a loss of
50% of My, you have ruled out, say, a 48% loss, not necessarily a definitive failure. As noted
above, we would also consider the less conservative synthesis approach in assessing Ms.

E. Estimating the Sample Size for an NI Study

It is important to plan the sample size for an NI clinical trial so that the trial will have the
statistical power to conclude that the NI margin is ruled out if the test drug is truly non-
inferior. This is not always an easy task. At the protocol planning stage, using the fixed
margin approach, the magnitude of the NI margin will be specified; the sample size must be
based on the need to rule out inferiority greater than M,. This should usually be based on an
NI using a fixed margin approach. The margin to be ruled out is the most critical component
of the sample size planning, but the variance of the estimate of the treatment effects will not
be known and it is also critical. A further problem is posed by the possibility that event rates
will be lower in the new study. In this case, if the NI margin is expressed as, for example,
ruling out (at the upper bound of the 95% CI for C-T) an increase in risk of 25%, this will be
far easier when the event rate on active control is 8% than when it is 4%, even if the active
control is superior to placebo by the same absolute 20% difference. This problem is not
different from specifying sample size in a superiority trial. It too depends on the event rate,
and it is common to examine blinded data during the trial to see if the event rate is
unexpectedly low. A similar approach could be applied in an NI trial with upward
adjustment of the sample size if the event rate is unexpectedly low. There is one further
consideration. If] in reality, the test drug is somewhat more effective than the control, it will
be easier to rule out any given NI margin and a smaller sample size could be used. A
somewhat less effective test drug will, of course, require a larger sample size.
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F. Potential Biasesin an NI Study

Traditionally, analysis of the results of randomized clinical superiority trials follows the
intent-to-treat principle, namely, that all randomized patients are analyzed according to the
treatment to which they were randomized. This analysis is intended to avoid various biases
associated with patients switching treatment, selection bias, and dropout/withdrawal patterns
that may confound the observed treatment effect. This is recognized as a potentially
conservative analysis. Including patient outcomes that occur after a patient has stopped the
treatment, for example, or show poor compliance with treatment, would be expected to bias
the analysis toward the null (no treatment difference). Intent-to-treat )ITT) analyses in
superiority trials are nonetheless preferred because they protect against the kinds of bias that
might be associated with early departure from the study. In non-inferiority trials, many kinds
of problems fatal to a superiority trial, such as non-adherence, misclassification of the
primary endpoint, or measurement problems more generally (i.e., “noise’”), or many dropouts
who must be assessed as part of the treated group, can bias toward no treatment difference
(success) and undermine the validity of the trial, creating apparent non-inferiority where it
did not really exist. Although an “as-treated” analysis is therefore often suggested as the
primary analysis for NI studies, there are also significant concerns with the possibility of
informative censoring in an as-treated analysis. It is therefore important to conduct both ITT
and as-treated analyses in NI studies. Differences in results using the two analyses will need
close examination. The best advice for conducting an NI study is to be aware at the planning
stage of these potential issues and to monitor the trial in a manner that minimizes these
problems, as they can seriously affect the validity of an NI study.

Other sources of bias that could occur in any study are also of concern in the NI study and
are of particular concern in an open label study. For such open label NI studies, how best to
ensure unbiased assessment of endpoints, unbiased decisions about inclusion of patients in
the analysis, and a wide variety of other potential biases, need particular attention.

G. Role of Adaptive Designsin NI Studies— Sample Size Re-estimation to
Increasethe Size of an NI Trial

Because it may be difficult to adequately plan the sample size for any study, including an NI
study, especially when assumptions like the event rate may change from the planning phase
to the study conduct, adaptive study designs that can allow for the prospective re-estimation
of a larger sample size can be considered. The most critical single consideration in such
designs is precise knowledge about whether there is unblinding as to treatment. Sample size
re-estimation, if based on a blinded analysis of the overall variance estimate or the overall
event rate, without knowledge of or a comparison of the unblinded treatment group response
rates or the differences between treatment groups, is not only acceptable but generally
advisable. It is critical to provide reassurance and procedures that ensure maintenance of
blinding.

If an adaptive design that allows unblinding is contemplated, then the design features and
procedures for protection of the integrity of the trial need to be clearly stated in the protocol
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for the trial. Some adaptive designs may include an independent Data Monitoring
Committee (DMC) to monitor the planned adaptation. The DMC charter should address
procedures for the sharing and blinding of data, and the procedures used to maintain a
firewall between those who do, and those who do not view unblinded data. Some of these
issues will be addressed in a companion guidance on Adaptive Study Designs.

H. Testing NI and Superiority in an NI Study

In general, when there is only one endpoint and one dose of the test treatment, a planned NI
study can be tested for superiority without a need for Type 1 error alpha correction. That is,
the same 95% or higher confidence interval employed for testing non-inferiority with the prel’
specified fixed margin can be used to test superiority. One can also think of this as a two[|
stage analysis in which the showing of NI using a 95% confidence interval (invariably
successful if the test drug is actually superior), is then followed sequentially by superiority
testing. This sequential testing has the Type I error rates for both non-inferiority and
superiority controlled at a level of no more than 5%. A non-inferiority showing after a failed
superiority study, in contrast, gives a generally uncertain result, and such a study would
generally be considered a failed study. Thus, successful showing of non-inferiority allows
superiority testing but a failed showing of superiority would yield credible evidence of non[’
inferiority only if the study were designed as a non-inferiority study (e.g., the NI margin must
be pre-specified, and assay sensitivity and HESDE must be established).

When there are multiple endpoints or multiple doses of the test treatment evaluated in an NI
study, the valid statistical decision tree can be very complex. Using the same 95%
confidence interval to test non-inferiority and superiority at each endpoint level or at each
dose may inflate the overall Type I error rate associated with drawing one or more false
conclusions from such multiple comparisons, regardless of whether they are non-inferiority
or superiority testing. Thus, for any statistical decision tree composed of tests of superiority
and non-inferiority in multiple comparison settings, it is imperative to evaluate the overall
Type I error rate for all the comparisons involved in the testing and make appropriate
statistical adjustments.

Some of the problems in interpreting the results of non-inferiority analyses are more subtle
than those with superiority testing. In particular, as noted previously, design or conduct
problems such as medication non-compliance or misclassification/measurement error, errors
that would be fatal to success in a superiority study, can lead to apparently favorable (results)
in a non-inferiority study.
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COMMONLY ASKED QUESTIONS AND GENERAL GUIDANCE

Can amargin be defined when there are no placebo-controlled trialsfor the active
control for the disease being assessed?

If the active control has shown superiority to other active treatments in the past, the
difference demonstrated represents a conservative estimate of HESDE, one that can
certainly serve as a basis for choosing M;. It may also be possible that trials of the active
control in related diseases are relevant. The more difficult question is whether historical
experience from nonconcurrently controlled trials can be used to define the NI margin.
The answer is that it can, but the circumstances are similar to those in which a historically
controlled trial can be persuasive (see ICH E-10). First, there should be a good estimate
of the historical spontaneous cure rate or outcome without treatment. Examination of
medical literature and other sources of information may provide data upon which to base
these estimates (e.g., historical information on natural history or the results of ineffective
therapy). Second, the cure rate of the active control should be estimated from historical
experience, preferably from multiple experiences in various settings, and should be
substantially different from the untreated rate. For example, if the spontaneous cure rate
of a disease is 10-20% and the cure rate with an active control is 70-80%, these are
substantially different and an acceptable margin, generally chosen conservatively, can
probably be identified for M;. The clinically acceptable loss of this effect can then be
determined for M,. Estimates of the cure rate of the active control should be based upon
data from clinical trials, even if these are not controlled, and it is critical to be sure the
trial patients and untreated patients are similarly defined and selected. Example 2 in the
Appendix illustrates a case of this kind, in which it was concluded that a margin could be
defined despite the absence of placebo-controlled trials of the active control. It becomes
more difficult to identify a margin when the difference between the spontaneous cure rate
and active drug cure rate is smaller. For example, if the historical spontaneous cure rate
is 40% and the active control rate is 55%, it would not be credible to identify the NI
margin in this case as 15%, as such a small difference could easily be the result of
different disease definition or ancillary therapy. When the historical cure rates for the
active control and the cure rate in patients who receive no treatment are not known at all
from actual studies (i.e., are just based on clinical impressions), it will be difficult or
impossible to define an NI margin.

Can the margin M, be flexible?

As indicated in sections III and IV, there is a critical difference between demonstrating in
the NI study that the margins M; and M; have been met. M, is used to determine whether
the NI study shows that the test drug has any effect at all. Accepting a result in which the
95% CI did not rule out loss of M1 would be similar to accepting, as showing
effectiveness, a superiority study whose estimated treatment effect was not significant at
p <0.05. M,, in contrast, represents a clinical judgment about what level of loss of the
active control effect is acceptable. A typical value for M, is often 50% of M, at least
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partly because the sample sizes needed to rule out a smaller loss become impractically
large. In this case, there is a better argument for some degree of flexibility if the study
did not quite rule out the M, margin; there might be reason to consider, for example,
assurance of 48% retention (but not the expected 50%) for M, as acceptable. We have
also concluded that the fixed margin method, more conservative but with fewer
assumptions, should generally be used in ensuring that loss of M, is ruled out but that the
synthesis method can be used to assess M,. Of course, allowing too much inferiority of
the test drug to the standard, especially for endpoints of mortality and serious morbidity,
would clearly not be acceptable.

Can prior information or other data (e.g., studies of related drugs, phar macologic
effects) be considered statistically in choosing the NI margins or in deciding whether
the NI study hasdemonstrated its objective?

Prior information could be characterized in a statistical model or in a Bayesian
framework by taking into account such factors as evidence of effects in multiple related
indications or on many endpoints. Such information might be used in determining Mj in
a more flexible (less conservative) manner. For example, if multiple studies provide very
homogeneous results for one or more important endpoints it may be possible to use the
90% lower bound rather than the 95% lower bound of the CI to determine the active
control effect size. Similarly, if there were additional supporting evidence for the clinical
effect of the test drug, such as prior information on the efficacy of the test drug in related
diseases or in a compelling animal model, or an effect on an important biomarker (e.g.,
tumor response rate), or evidence that pharmacologically related drugs were clearly
effective in the condition being studied, such prior information would increase the
evidence for the plausibility of the intended NI effect of the test drug, which might allow
use of a less conservative estimate of effect than the 95% lower bound of the confidence
interval for C-T in the NI study. Finally, a statistical model such as a regression
adjustment may be applied to the NI study analysis if the covariates for patients in the
historical clinical studies are distributed differently from those of patients in the current
NI study. This adjustment may, in some situations, reduce the variance of the NI test and
increase the ability of the comparison to meet the NI margin. In other situations, where
there is more heterogeneity of the covariates, the variance may be increased, adversely
impacting the comparison.

Can adrug product be used asthe active comparator in a study designed to show
non-inferiority if itslabeling does not have the indication for the disease being
studied, and could published reportsin theliterature be used to support a treatment
effect of the active control?

The active control does not have to be labeled for the indication being studied in the NI
study, as long as there are adequate data to support the chosen NI margin. FDA does, in
some cases, rely on published literature and has done so in carrying out the meta-analyses
of the active control used to define NI margins. An FDA guidance for industry on
Providing Clinical Evidence of Effectiveness for Human Drug and Biological Products
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describes the approach to considering the use of literature in providing evidence of
effectiveness, and similar considerations would apply here. Among these considerations
are the quality of the publications (the level of detail provided), the difficulty of assessing
the endpoints used, changes in practice between the present and the time of the studies,
whether FDA has reviewed some or all of the studies, and whether FDA and the sponsor
have access to the original data. As noted above, the endpoint for the NI study could be
different (e.g., death, heart attack, and stroke) from the primary endpoint (cardiovascular
death) in the studies if the alternative endpoint is well assessed (see also question 6).

If the active control drugisapproved for theindication that is being studied, does
the margin need to be justified, or if the active control drug has been used asan
active compar ator in the past in another study of design similar to the current study
and a margin has been justified previously, can one simply refer to the previous
margin used?

When an active control drug is approved, the effect size for the indication is not usually
identified in a pooled analysis, nor is the variability of that effect size in the various trials
calculated. It would therefore be difficult to base the NI margin on the label of the active
control drug. On the other hand, FDA’s reliance on the studies for approval would
support the view that the quality of the studies was acceptable and that the studies could
contribute to a determination of the NI margin. In general, approval of a drug is based on
showing superiority to placebo, usually in at least two studies, but FDA may not have
critically assessed effect size and may not have closely analyzed “failed” studies. In
general, FDA will usually not have carried out a meta-analysis of the trials. It is therefore
essential to use the data from all available controlled trials (unless a trial has a significant
defect), including trials conducted after marketing, to calculate a reasonable estimate of
the actual control effect size, as described above. If the active-control data have been
used to define a NI margin for another study, it is important to determine that the
previous conclusion is applicable to the new study, but in general such prior use should
indicate that FDA has assessed the NI margin for a NI study with similar endpoints and
population.

. What arethe choices of endpointsto be awar e of before designing a non-inferiority

trial design?

The endpoints chosen for clinical trials (superiority or NI) reflect the event rate in the
population, the importance of the event, and practical considerations, notably whether the
event rates will allow a study of reasonable size. In NI studies, the endpoint must be one
for which there is a good basis for knowing the effect of the active control. The endpoint
used need not necessarily be the endpoint used in the historical trials or the effectiveness
endpoint claimed in labeling. Past trials, for example, with mortality endpoints could, if
data were available, be the basis for estimating an effect on a composite endpoint
(cardiovascular mortality, myocardial infarction, and stroke), if that were the desired
endpoint for the NI study. Such a change might be sought because it would permit a
smaller study or was more feasible given current event rates.
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7. Aretherecircumstances whereit may not be feasibleto perform an NI study?

Unfortunately, these are many, including some where a placebo-controlled study would
not be considered ethical. Some examples include the following:

The treatment effect may be so small that the sample size required to do a non!’
inferiority study may not be feasible.

There is large study-to-study variability in the treatment effect. In this case, the
treatment effect may not be sufficiently reproducible to allow for the determination of
a sufficiently reliable estimate of M.

There is no historical evidence to determine a non-inferiority margin.

Medical practice has changed so much (e.g., the active control is always used with
additional drugs) that the effect of the active control in the historical studies is not
clearly relevant to the current study.

8. Inasdituation where a placebo-controlled trial would be consider ed unethical, but a
non-inferiority study cannot be performed, what ar e the options?

In that case it may be possible to design a superiority study that would be considered
ethical. These possibilities are discussed in section III of this guidance and ICH E-10,
and include the following:

0.

When the new drug and established treatment are pharmacologically distinct, an add (]
on study where the test drug and placebo are each added to the established treatment.
A study in patients who do not respond to the established therapy. It may be possible
to do a placebo-controlled trial in those patients. To establish specific effectiveness
in non-responders, the study should randomize to test drug and the failed therapy and
show superiority of the test drug.

A study in patients who cannot tolerate the established effective therapy.

A study of a population in which the effect of available therapy is not established.

For a drug with dose-related side effects, and where a dose lower than the usual dose
would be considered ethical, a dose-response study may be possible.

When will asingle NI study be sufficient to support effectiveness?

Several sections above touch on this question, notably II1.B.2, which discusses it in
detail. Briefly, reliance on a single study in the NI setting is based on considerations
similar to reliance on a single study in the superiority setting, with the additional
consideration of the stringency of showing NI using the M, NI margin. Many of these
factors are described in the guidance for industry on Providing Clinical Evidence of
Effectiveness for Human Drugs and Biological Products, and include prior supportive
information, such as results with pharmacologically similar agents (a very common
consideration, as the NI study will often compare drugs of the same pharmacologic
class), support from credible biomarker information (tumor responses, ACE inhibition,
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beta blockade), and a statistically persuasive result. With respect to the latter, it is noted
above that a finding of NI based on excluding a treatment difference > M, provides very
strong evidence (generally equivalent to a p <0.001 in a superiority setting) that the test
treatment has an effect > 0. For all these reasons, most NI studies with outcome
endpoints, if clearly successful, will be supportive as single studies. Of course, the
importance of the study endpoint will influence the level of assurance needed, in a single
study or multiple studies, that no more than M, has been lost.
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APPENDIX — EXAMPLES

The following five examples derived from publicly available information (see references
following examples) illustrate different aspects of the process of choosing a NI margin,
of the application of a method of NI analysis, and other considerationsrelevant to
whether it ispossible to conduct and interpret the results of a NI study

Example 1(A): Determination of an NI Margin for a New Anticoagulant — Fixed
Margin Approach

This example will demonstrate the following points:
e The determination of the NI margin (M) using the fixed margin approach

e How to select and assess the randomized trials of the active control on which to base the
estimate of active comparator treatment effect.

e  How to assess whether the assumption of assay sensitivity is appropriate, and whether
the constancy assumption is reasonable for this drug class.

e  Why it is appropriate to use a conservative choice (e.g., 95% lower bound) for
estimating the treatment effect size of the active comparator, accounting for between![’]
study variability, and considering other uncertainties in the randomized trial data.

e The use of the lower bound of the 95% confidence interval in the NI study for C-T to
demonstrate non-inferiority.

SPORTIF V is an NI study that tested the novel anticoagulant ximelagatran against the active
control warfarin. Warfarin is a highly effective, orally active anticoagulant that is approved
in the United States for the treatment of patients with non-valvular atrial fibrillation at risk of
thromboembolic complications (e.g., stroke, TIA, etc.). There are six placebo-controlled
studies of warfarin involving the treatment of patients with non-valvular atrial fibrillation, all
published between the years 1989 and 1993. The primary results of these studies are
summarized in Table 1 and provide the basis for choosing the NI margin for SPORTIF V.

The point estimate of the event rate on warfarin compared to placebo is favorable to warfarin
in each of the 6 studies. The upper bound of the 95% confidence interval of the risk ratio
calculated in each study is less than one in five of the six studies, indicating a statistically
demonstrated treatment effect in each of these studies. The one exception is the CAFA
study. However, this study was reportedly stopped early because of favorable results
published from the AFASAK and SPAF I studies (Connolly et al. 1991). Although the
CAFA study was stopped early, a step that can sometimes lead to an overestimate of effect,
the data from this study appear relevant in characterizing the overall evidence of
effectiveness of warfarin because there is no reason to think it was stopped for early success,
introducing a possible favorable bias. These placebo controlled studies of warfarin in
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patients with non-valvular atrial fibrillation show a fairly consistent and reproducible effect.
Based on the consistent results from the six studies, it can reasonably be assumed that were
placebo to be included in a warfarin-controlled NI study involving a novel anticoagulant,
warfarin would have been superior to placebo.

Table1: Placebo-Controlled Trialsof Warfarin in Non-Valvular Atrial Fibrillation

Study Summary Events/Patient Years Risk Ratio (95% CI)
Warfarin Placebo
AFASAK | open label. 1.2 yr follow-up 9/413 =2.18% 21/398 =5.28% | 0.41 (0.19, 0.89)
BAATAF | open label. 2.2 yr follow-up 3/487 =0.62% 13/435=2.99% | 0.21 (0.06, 0.72)
EAFT open label. 2.3 yr follow-up 21/507 =4.14% | 54/405=13.3% | 0.31(0.19,0.51)
patients with recent TIA
CAFA* double blind. 1.3 yr follow-up 7/237 =2.95% 11/241 =4.56% | 0.65 (0.26, 1.64)
SPAF 1 open label. 1.3 yr follow-up 8/260 = 3.08% 20/244 =8.20% | 0.38 (0.17, 0.84)
SPINAF double blind. 1.7 yr follow-up 9/489 = 1.84% 24/483 =4.97% | 0.37 (0.17,0.79)

* CAFA was stopped early because of favorable results observed in other studies.

As can be seen from the summary table, most of these studies were open label. It is not clear
how great a concern this should be given the reasonably objective endpoints in the study (see
Table 2), but to the extent there is judgment involved, there is some possible bias. The event
rate on placebo in the EAFT study was strikingly high, perhaps because the patient
population in that study was different from the patient population studied in the remaining
five studies in that only patients with a recent TIA or stroke were enrolled in EAFT. That
would clearly increase the event rate, but in fact the risk reduction in EAFT was very similar
to the four trials other than CAFA, which is relatively reassuring with respect to constancy of
risk reduction in various AF populations.

Even if the historical studies are consistent, a critical consideration in deciding upon the NI
margin derived from these studies is whether the constancy assumption is reasonable. The
constancy assumption must consider whether the magnitude of effect of warfarin relative to
placebo in the previous studies would be present in the new NI study, or whether changes in
medical practice (e.g., concomitant medications, skill at reaching desired INR), or changes in
the population being tested may make the effect of warfarin estimated from the previous
studies not relevant to the current NI study.

To evaluate the plausibility of this constancy assumption, one might compare some features
of the six placebo-controlled warfarin studies with the NI study, SPORTIF V. There is
considerable heterogeneity in the demographic characteristics of these studies. While some
study subject characteristics can be compared across the studies (e.g., age, race, and target
INR) certain characteristics cannot be compared (e.g., concomitant medication use, race,
mean blood pressure at baseline) if they are not consistently reported in the study
publications. Whether these are critical to outcomes is, of course, the critical question.
Table 2 indicates that for some characteristics, such as a history of stroke or TIA, there are
inter-study differences. One of the important inclusion criteria in the EAFT study was that
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subjects had a prior history of stroke or TIA. None of the other studies had such a
requirement. Subjects enrolled into the EAFT study were thus at higher risk than subjects in

the other studies, presumably leading to the higher event rates in both the warfarin and
placebo arms, shown in Table 1. The higher event rates in the EAFT study may also have
been influenced by the relatively long duration of follow-up or the fact that the primary
endpoint definition was broader, including vascular deaths and non-fatal myocardial
infarctions, which might have been less affected by coumadin, leading to a lower risk
reduction. This was not in fact seen. All in all, the results are quite consistent (with the
exception of CAFA), a relatively reassuring outcome.

Table 2: Demographic Variables, Clinical Characteristics, and Endpoints of Warfarin AF Studies

AFASAK

BAATAF

CAFA

SPAF

VA

EAFT

SPORTIF V

Age years
(mean)

73

69

68

65

67

71

72

Sex (%) Male

53%

75%

76%

74%

100%

59%

70%

h/o stroke or

6%

3%

3%

8%

0%

100%

18.3%

TIA (%)

h/o HTN (%) | 32% 51% 43% 49% 55% 43% 81%

>65 years old | 8%
& CAD (%)*

10-16% 12-15% 7% 17% 7% 41%

>65 yearsold | 7-10% 14-16% 10-14% 13% 17% 12% 19%

& DM (%)*

h/o LV
dysfunction
(0)*

50% 24-28% 20-23% 9% 31% 8% 39%

Mean BP at NA NA NA
BL (mm Hg)

130/78 NA 145/84 133/77

Target INR 2.8-4.2 1.5-2.7 2-3 2-4.5 1.4-2.8 2.5-4.0 2-3

Ischemic
stroke

Ischemic
stroke and
systemic
embolism

Ischemic Ischemic
stroke stroke and
systemic
embolism

Stroke,
TIA,
systemic
embolism

Primary
endpoint

Vascular Stroke (ischemic +
death, NF hemorrhagic) and
MI, stroke, | systemic embolism
systemic
embolism

1713
1714
1715
1716

1717
1718
1719
1720
1721
1722
1723
1724
1725
1726
1727

* = Not possible to verify whether definitions of CAD, DM, and LV dysfunction
were the same in comparing the historic studies and SPORTIF V.
NA = Not available

At the time the SPORTIF V study was reviewed, concerns about whether the constancy
assumption held and other factors led to the consideration of whether discounting of the
effect size would be appropriate (see discussion of discounting in section IV of this
guidance). We now believe the historic results are reasonably likely to be consistent with
results that would be seen today so that discounting was not necessary. To calculate M, the
relative risks in each of the six studies were combined using a random effects model to give a
point estimate of 0.361 for the relative risk with a confidence interval of (0.248, 0.527). The
95% CI upper bound of 0.527 represents a 47% risk reduction, which translates into a risk
increase of about 90% from not being on warfarin (1/0.527 = 1.898) (i.e., what would be seen
if the test drug had no effect). Thus, M; (in terms of the hazard ratio favoring the control to
be ruled out) is 1.898.
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It was considered clinically necessary to show that the test drug preserved a substantial
fraction of the warfarin effect. The clinical margin M, representing the largest acceptable
inferiority of the test to control, was therefore set at 50% of M. As described in section IV
of the guidance, we calculate M», using the log hazard risk ratios, as 1.378, 95% CI for C-T <
1.378.

In the SPORTIF V study, the point estimate of the relative risk was 1.39 and the two-sided
95% confidence interval for the relative risk was (0.91, 2.12). Thus, in this example, the
non-inferiority of ximelegatran to warfarin is not demonstrated because the upper limit (2.12)
is greater than M, (=1.378). Indeed, it does not even demonstrate that M; (=1.898) has been
excluded.

This example illustrates the fixed margin approach and what is often called the “two 95%
confidence interval approach.” That is, a two-sided 95% confidence interval is used for the
historical data to select M;, and a two-sided 95% confidence interval is used to test whether
M, has been ruled out, similar to controlling the Type 1 error of the NI study at one-sided
2.5%.
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Example 1(B): Application of the Synthesis Method to the Above Example 1(A)
This example demonstrates the following:

e  The critical features of the synthesis approach to demonstrating the NI of a new
anticoagulant.

e The calculations and sources of statistical variability that are incorporated in the
synthesis approach.

e The main differences in interpretation of the fixed margin and the synthesis approaches
when applied to the same set of studies and data.

In this example, we illustrate the synthesis method using the same data as Example 1(A),
which consist of six studies comparing warfarin to placebo and one NI study comparing
ximelegatran to warfarin. In contrast to the fixed margin method in Example 1(A), the
synthesis method does not use a separate 95% confidence interval for this historical estimate
of the effect of warfarin versus placebo and for the comparison in the NI study. Rather, the
synthesis method is constructed to address the questions of whether ximelegatran preserves a
specified percent, in this case 50% or one-half (versus placebo), of the effect of warfarin, and
whether ximelegatran would be superior to a placebo, if one had been included as a
randomized treatment group in the NI study. To accomplish this goal, the synthesis method
makes a comparison of the effect of ximelegatran in the NI study to historical placebo data,
an indirect comparison that is not based upon a randomized current placebo group. The
synthesis method combines the data from the placebo-controlled studies of warfarin with the
data from the NI study in such a way that a test of hypothesis is made to demonstrate that a
certain percent of the effect of warfarin is retained in the NI study. A critical point
distinguishing the synthesis method from the fixed margin method is that the M, effect size
of warfarin is not specified in advance and is not required to be fixed prior to carrying out the
synthesis method. But to carry out the analysis, an assumption needs to be made regarding
the placebo comparison, namely, that the difference between control drug and placebo (had
there been one) in the NI trial is the same as what was seen in the historical placebo!
controlled trials of warfarin. The assumption is needed because there is no randomized
comparison of warfarin and placebo in the NI trial. As a point of reference, we know from
the previous example, 1(A), that the warfarin effect M, was estimated from the historical
placebo studies to be a 47% risk reduction.

In this case, the synthesis method statistically tests the null hypothesis that the inferiority of
ximelegatran compared to warfarin is less than 50% or one half of the risk reduction of
warfarin compared to placebo, a question that the fixed margin method does not directly
address because in the fixed margin method, the placebo is only present in the historical
studies and not in the NI study. We carry out this test on the log relative risk scale, so that
the null hypothesis can be written as:
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Ho: {log-Relative Risk of ximelegatran versus warfarin} >
— ' {log-Mean Relative Risk of warfarin versus placebo}

A test of this hypothesis is performed by the expression below (the statistical test) that has
the form of a quotient where the numerator is an estimate of the parameter defined in the null
hypothesis by {log-Relative Risk of ximelegatran versus warfarin} + '2 {log-Mean Relative
Risk of warfarin versus placebo} and the denominator is an estimate of the standard error of
the numerator. In this case, the estimated log-Relative Risk of ximelegatran versus warfarin
is 0.329 (log of 1.39) with a standard error of 0.216 while the estimated log-Relative Risk of
warfarin versus placebo is -1.02 (log of .527) with a standard error of 0.154. The estimate of
the log warfarin effect is -1.02, and the standard error of this estimate is 0.154; these
estimates are combined with the NI data as if all the data were in a randomized comparison
with placebo. The synthesis test statistic is calculated as:

0.329+ 1 {-1.02}

\/0.2162 #0154}

=-0.789

Assuming the statistic is normally distributed, it is then compared to -1.96 (for one-sided
Type 1 error rate of 0.025). For this case, the value, -0.789, is not less (more negative) than [
1.96, so we cannot reject the null hypothesis. Therefore, it cannot be concluded that an NI
margin of 50% retention is satisfied.

To compare the fixed margin method with the synthesis method, recall that the fixed margin
compares the upper or lower limits of two 95% confidence intervals, one for the NI study and
one for the meta-analysis of the effect of warfarin. One might consider the fixed margin
approach as conservative, as it compares to statistically “worst cases.” The synthesis method
does not use two such worst cases. To provide a more detailed comparison of the
approaches, the fixed margin approach can be expressed as using a test statistic similar to that
of the synthesis approach.

The synthesis method concludes non-inferiority if

0.329+ 1 {-1.02}

\/0.2162 +{%{0.154}}2

<-1.96
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The fixed margin method concludes non-inferiority if

0.329+ 1) {-1.02}

<-1.96
0216+ 1 {0.154}

The critical difference between these two procedures is the form of the denominator, which
expresses the standard errors of the expressions in the numerator. The synthesis standard
error is always smaller than that of the fixed margin method when expressed in this manner.
In most situations, the synthesis is therefore statistically more efficient (and would require a
smaller sample size) than the fixed margin approach. Of course, the approach can be
considered useful and valid only if the assumptions of the synthesis method can be
considered satisfied. This is not always possible, generally because of concerns about
constancy, that is, whether the historical differences from placebo would accurately describe
the current differences from placebo.

The two procedures also cannot be directly compared because they have other differences
that make their comparison problematic, notably the differences in how the statistical error
rates, or Type 1 errors, are calculated and interpreted. The synthesis method, because of the
way it makes the comparisons with a placebo, gives equal weight to the variance (or
variability of the outcome data) in this historical estimate and the variance of the data
obtained from the randomized comparison of the test drug and active comparator in the NI
study. When the historical database is very large relative to the NI database, combining the
historical data and NI together may suggest greater precision in the overall assessment of the
NI study than is warranted given the fact that the placebo comparisons were from studies
conducted in a different population, usually at a different time. In contrast, the fixed margin
method controls a Type 1 error rate within the NI study that is conditioned on the prel’
specified fixed NI margin, separately estimated from the historical active comparator data.
The synthesis test method also does not estimate a fixed NI margin to be excluded (i.e., one
depending only on the prior placebo-controlled data for the active comparator).

A general principle expressed in this guidance is the need to be conservative in the selection
of the margin M, because that margin is critical to establishing that a test drug is effective in
an NI study design. The M; margin is usually chosen conservatively because of the
uncertainties associated with the validity of assumptions in an NI study and the reliance on
historical active control comparisons. As noted, the fixed margin approach can be
considered conservative in that several worst case situations (lower bounds of 95%
confidence intervals) are used, one evaluating the historical evidence and another in the NI
comparison. We recommend use of this conservative fixed margin approach to selecting the
M; margin and to demonstrating in the NI study that the M; margin is excluded at the
acceptable Type 1 error. The synthesis method, on the other hand, as described above, is less
conservative. But this is reasonable, given that M; is considerably smaller (a more
demanding margin) and that the presence of a control drug effect has been well established
by ruling out loss of M, using the fixed margin approach. We therefore believe the NI study
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1865  should utilize a fixed margin approach to ruling out loss of M, but can use the synthesis

1866  method to establish that loss of effect greater than the clinically relevant margin M, has been
1867  ruled out.
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Example 2: The Determination of a Non-Inferiority Margin for Complicated Urinary
Tract Infection (cUTI) — Fixed Margin Approach

This example will illustrate the following points:

The use of the absolute difference in cure rates as the metric of treatment effect.

e The determination of a non-inferiority margin when there are no randomized active
comparator placebo-controlled studies available for the indication of interest (in this
case, cUTI).

e Estimating the placebo response rate in cUTI based upon data from uncomplicated
urinary tract infections (a generally less severe form of urinary tract infection leading
to a high, therefore conservative, estimate).

e The importance of seeking out all relevant studies for the margin determination and
incorporating the limitations of the studies, the analyses, and the resulting estimates in
the consideration of the resulting estimate of the non-inferiority margin.

e This approach (i.e., relying on data other than controlled trials of the active control) is
credible only when the effect size is large, given its limitations.

The following steps were used to estimate the effectiveness of the active control.

1. Evaluation of the placebo response rate in uncomplicated urinary tract infection
(uUTI)

2. Evaluation of outcomes in patients receiving inadequate or inappropriate therapy for
complicated urinary tract infection (cUTI)/acute pyelonephritis (AP)

3. Evaluation of the active comparator's response rate (levofloxacin, in this case) for
cUTL

Step 1: Placebo Response Rate for Uncomplicated Urinary Tract Infection (uUTI)

Although there were no placebo-controlled complicated UTI studies available, three placebo!
controlled studies in women with uncomplicated UTI were identified. Among these three
studies there were differences in the duration of study drug, endpoints assessed, and the
diagnostic criteria for significant bacteriuria. There were no placebo-controlled trials
identified in men with UTI without significant co-morbid conditions, and the
pathophysiology and natural history of UTI are different in men and women. It would be
expected that placebo response rates would therefore be high in such studies compared to the
untreated rate in cUTI and represent a conservative (high) estimate of the spontaneous cure
rate in cUTL

Microbiological eradication rate is generally used as the primary endpoint for UTI studies.
In the three placebo-controlled studies identified for UTI, the bacteriological response rates
were 95/227(42%) for the combined 8-10 and 35-49 days (Ferry et al.), 9/27(33%) at day 3
(Christiaens et al.), and 8/18(44%) in 1 week (Dubi et al.). The bacteriologic criteria for
entry used in the Ferry study were >10° CFU/ml for primary pathogens, whereas >10*
CFU/ml was used for the Christiaens study. Because a count of >10° CFU/ml is more
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typically used as diagnostic criteria for a uropathogen, the studies could overestimate the
placebo response rates by including patients whose colony counts would not cause them to be
considered infected. The results are summarized in the following table.

Table3: Historical Placebo Data from Published uUTI Studies

Author Type of UTI Placebo 95% CI'

Ferry et al. uUTI 95/227 (42%) (35.4 %, 48.6%)
Christiaens et al. Acute uUTI 9/27 (33%) (16.5%, 54.0%)
Dubi et al. uUTI 8/18 (44%) (21.5%, 69.2%)

'Exact Confidence Intervals

Because of the unequal study population sizes, a weighted analysis is needed. The weighted
non-iterative method for random effects model using logit of the event rates described by
DerSimonian and Laird was used to obtain the estimate and its 95% CI; the weighted
estimate is 41.2% with 95% CI of (35.5%, 47.2%).

Step 2: Outcomes Subsequent to Inadequate or Inappropriate Antibacterial Therapy
for Complicated Urinary Tract Infection (cUTI)/AP

Three studies were identified in which some patients were treated with an antimicrobial drug
to which the bacteria causing their UTI were resistant (inadequate therapy). Eradication rates
for pathogens resistant to the antimicrobial drug may be considered as another way to
estimate the placebo effect in cUTI/AP. It should be noted, however, that the use of data
from inadequate therapy may result in an estimate that is higher than a true placebo, once
again a conservative estimate of effect, because even “inadequate” therapy may have some
effect on the patient’s infection.

Table4: Eradication Ratesin Patients Receiving | nadequate T her apy

Author Type of UTI Eradication Rates 95% CI'

Allais et al. cUTI/AP 12/23 (52.2%) (30.6%, 73.2%)
Fang et al. cUTI/AP 4/28 (14.3%) (4.0%, 32.7%)
Talan et al. AP 7/14 (50.0%) (23.0%, 77.0%)

"Exact Confidence Intervals

The data from the historical studies in Table 4 were combined to obtain a weighted estimate
of the inadequate therapy eradication rate and its corresponding two-sided 95% CI. The
weighted estimate using the DerSimonian and Laird approach (random effect model) is
36.8% with 95% CI of (15.4%, 64.9%).

Step 3: Active Comparator's Eradication Rate for Complicated UTI (cUTI)
To assess the eradication rates for the active comparator, levofloxacin, four cUTI studies

were considered, including two published studies and two studies submitted to the Agency
(Study A and Study B) that involved men and women >18 years old. The two studies from
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the medical literature had limitations. In the Peng study, the microbiological eradication rate
was evaluated on Day 5, while antibiotic therapy was still ongoing. This could have falsely
elevated the response rate. The Klimberg study was an open-label study, and was excluded
from the analysis because of concern about potential bias.

The other two studies, Study A and Study B, were blinded controlled studies using
levofloxacin for the treatment of cUTI. In Study A, the microbiological eradication rate for
levofloxacin was 84.2% (154/183). In Study B, the microbiological eradication rate for
levofloxacin was 78.2% (252/321). The levofloxacin eradication rates for the Peng study and
Studies A and B are shown in Table 5. The weighted estimate of eradication rates using the
DerSimonian and Laird approach is 81.6% with 95% CI of (75.8%, 86.3%).

Table5: Historical Levofloxacin Data from Published cUTI Studies

Author Type of UTI | Levofloxacin Microbiological | 95% CI'
Eradication Rate

Peng et al. cUTI 18/20 (90%) (68.3%, 98.8%)

Study A cUTI and AP | 154/183 (84.2%) (78.0%, 89.1%)

Study B cUTI and AP | 252/321 (78.2%) (73.6%, 82.9%)

1 .
Exact confidence intervals

Step 4: Estimated Non-Inferiority Margin for Complicated UTI (cUTI) Using
L evofloxacin asthe Active Compar ator

The placebo eradication rate is estimated from the upper bound of the two-sided 95% CI for
the placebo eradication rate in uUTI (47%) and this estimate is supported by evidence based
on outcomes subsequent to inadequate or inappropriate therapy in cUTI (65%). The
estimated levofloxacin cure rate for sensitive organisms is 76% (using the lower bound of the
95% CI for the weighted levofloxacin response rate). Using the placebo eradication rate for
uUTI, the historical treatment effect can be calculated as 29% (=76%-47%). The treatment
effect based on outcomes following inadequate antibacterial therapy can be calculated as
11% (=76%-65%), providing supportive evidence.

Major Limitationsin This Example:

Apart from the lack of a direct comparison of active control and placebo in cUTI, there were
various uncertainties in the historical estimates described above because of problems with
data quality, study design, population size, prognostic factors, and differences in the timing
of the microbiological endpoint assessments. On the other hand, the placebo eradication rate
was estimated based on placebo-controlled clinical studies assessing the antibacterial
treatment in a population (female subjects with uUT]I) that would almost certainly give an
overestimate of the spontaneous or placebo eradication rate in cUTI, leading to a
conservative (low) estimate of the effect of the active control.
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Discounting and Preservation of the L evofloxacin Treatment Effect:

The various limitations and uncertainties in the historical data led to discounting of the
calculated treatment effect of 29%. Thus, the active control treatment effect over placebo
(M) was estimated as 14.5% based on a 50% discounting. For a serious illness, a substantial
portion (at least 50% or more) of M; should be preserved. Accordingly, an NI margin of 7%
was specified as M, based on clinical judgment.

51



1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

2004
2005
2006

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026

Contains Nonbinding Recommendations

Draft — Not for Implementation

Example 3: Aspirin to Prevent Death or Death/MI After Myocardial Infarction
This example demonstrates the following:

e  When it may not be possible to determine the NI margin because of the limitations of the
data available.

By 1993, the effect of aspirin in preventing death after myocardial infarction had been
studied in six large randomized placebo-controlled clinical trials. A seventh trial, ISIS-2,
gave the drug during the first day after the AMI and is not included because it addressed a
different question. The results are summarized and presented in chronological order in Table
6.

Table 6. Results of six placebo-controlled randomized studies (listed in chronological order) of the effect
of aspirin in preventing death after myocardial infarction

Year Aspirin Placebo Relative Risk (95%
Study published CI)
N | Death rate N | Death rate

MRC-1 | 1974 615 | 8.0% 624 | 10.7% 0.74 (0.52, 1.05)
CDP 1976 758 | 5.8% 771 | 8.3% 0.70 (0.48, 1.01)
MRC-2 | 1979 832 | 12.2% 850 | 14.8% 0.83 (0.65, 1.05)
GASP | 1978 317 [ 10.1% 309 | 12.3% 0.82 (0.53, 1.28)
PARIS | 1980 810 | 10.5% 406 | 12.8% 0.82 (0.59, 1.13)
AMIS | 1980 2267 | 10.9% 2257 | 9.7% 1.12 (0.94, 1.33)

The results suggest:

(1) The effect of aspirin on mortality as measured by the relative risk seems to
attenuate over the time the studies were conducted.
(2) The largest trial, AMIS, showed a numerically adverse effect of aspirin.

The relative risk in the AMIS study is significantly different from the mean relative risk in
the remaining studies (p < 0.005). The validity of pooling the results of AMIS with those of
the remaining studies is therefore a concern. It would be invalid to exclude AMIS from the
meta-analyses because its effect differed from the effect in the remaining studies, unless there
were adequate clinical or scientific reasons for such exclusion. At a minimum, any metal
analysis of all studies would need to reflect this heterogeneity by using a random-effect
analysis.

Although a fixed effect analysis of the six studies gives a point estimate of 0.91 (95% CI 0.82
to 1.02), the random-effects analysis gives a point estimate of 0.86 with 95% confidence
interval (0.69, 1.08). The effect of aspirin on prevention of death after myocardial infarction
in these historical studies is thus inconclusive (i.e., the upper bound of the 95% CI for effect
is > 1.0). Therefore, it would be difficult, indeed not really possible, to select aspirin as the
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active control for evaluating the mortality effect of a test drug in a non-inferiority trial. Apart
from this calculation, it seems difficult to accept an NI endpoint that is not supported by the
largest of the six trials.

The same six studies can also be examined for the combined endpoint of death plus AMI in
patients with recent AMI. This endpoint reflects the current physician-directed claim for
aspirin based on the positive finding in two studies (MRC-2, PARIS).

Table 7. Results of six placebo-controlled randomized studies of the effect of aspirin in secondary
prevention of death or M1 after myocardial infarction

Year Aspirin Placebo Relative Risk (95%
Study | published CD
N | Event N | Event
rate rate

MRC-1 | 1974 615 | 9.9% | 624 | 13.1% | 0.75(0.55,1.03)
CDP 1976 758 | 9.5% | 771 | 12.5% | 0.76 (0.57,1.02)
MRC-2 | 1979 832 116.0% | 850 | 22.2% | 0.72(0.59, 0.88)
GASP | 1978 317 | 13.6% | 309 | 17.5% | 0.78 (0.54,1.12)
PARIS | 1980 810 | 17.4% | 406 | 22.7% | 0.77 (0.61, 0.97)
AMIS | 1980 2267 | 18.6% | 2257 | 19.2% | 0.97 (0.86, 1.09)

*the event rate of either group needsfurther verification from each article

The results indicate that the effect of aspirin on death or MI after myocardial infarction is
small to absent in the latest trial (AMIS). Random-effect analyses give, depending on the
specific analysis, point estimates of the relative risk of 0.81-0.85, with 95% CI upper bounds
0f 0.96-1.02. The NI margin based on these six studies ranges from 4% to zero (without
reducing it further to represent M>) is so small that a trial to rule out loss at this effect would
be unrealistically large. Again, as with the mortality endpoint, it would be troubling even to
consider an NI approach when the largest and most recent trial showed no significant effect.
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Example 4: Xelodato Treat Metastatic Colorectal Cancer - the Synthesis M ethod
This example of Xeloda for first-line treatment of metastatic colorectal cancer illustrates:

e  The use of the synthesis method to demonstrate a loss of no more than 50% of the
historical control treatment’s effect and a relaxation of this criterion when two NI studies
are available.

e The use of supportive endpoints in the decision making process.

e The use of a conservative estimate of the control treatment effect size, because a subset
of the available studies to estimate the margin was selected and the effect was measured
relative to a previous standard of care instead of placebo.

The U.S. regulatory standard for first-line treatment of metastatic colorectal cancer, the use
sought for Xeloda, is the demonstration of improvement in overall survival. Two separate
clinical trials, each using an NI study design, compared Xeloda to a Mayo Clinic regimen of
S-fluorouracil with leucovorin (5-FU+LV), the standard of care at the time. Xeloda is an oral
fluoropyrimidine, while 5-fluorouracil (5-FU) is an infusional fluoropyrimidine

By itself, bolus 5-FU had not demonstrated a survival advantage in first-line metastatic
colorectal cancer. But with the addition of leucovorin to bolus 5-FU, the combination had
demonstrated improved survival. A systematic evaluation of approximately 30 studies that
investigated the effect of adding leucovorin to a regimen of 5-FU identified ten clinical trials
that compared a regimen of 5-FU+LV similar to the Mayo clinic regimen to 5-FU alone,
thereby providing a measure of the effect of LV added to 5-FU, a conservative estimate of
the overall effect of 5-FU+LV, as it is likely 5-FU has some effect.

Table 8 summarizes the overall survival results, using the metric “log hazard ratio” for the
ten studies identified that addressed the comparison of interest.

Table8: Selected studies comparing 5FU to 5-FU+LV

Study Hazard Ratio' Log Hazard Ratio' | Standard Error
Historical Study 1 1.35 301 232
Historical Study 2 1.26 235 188
Historical Study 3 0.78 -.253 171
Historical Study 4 1.15 .143 153
Historical Study 5 1.39 329 185
Historical Study 6 1.35 .300 184
Historical Study 7 1.38 324 .166
Historical Study 8 1.34 294 126
Historical Study 9 1.03 .0296 165
Historical Study 10 1.95 .670 172

' All log hazard ratios are 5-FU/5-FU+LV
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A random effects model applied to the survival results of these ten studies yielded the
historical estimate of the 5-FU versus 5-FU+LV survival comparison of log hazard ratio of
1.264 with a 95% confidence interval of (1.09, 1.46) and a log hazard ratio of 0.234. The NI
margin is therefore 1.09 for a fixed margin approach ruling out M.

A summary of the survival results based on the intent-to-treat populations for each of the two
Xeloda NI trials is presented in Table 9. Study 2 rules out M; using a fixed margin approach,
but Study 1 does not.

Table9: Summary of the survival results

Study Hazard Log Standard | 95% CI for the
Ratio' Hazard Error Hazard Ratio'
Ratio'
NI Study 1 | 1.00 -0.0036 0.0868 | (0.84,1.18)
NI Study 2 | 0.92 -0.0844 0.0867 | (0.78,1.09)

" Hazard ratios and log hazard ratios are Xeloda/5-FU+LV

The clinical choice of how much of the effect on survival of 5-FU+LV should be shown not
to be lost by Xeloda was determined to be 50%. The synthesis approach was used to analyze
whether the NI criteria of 50% loss was met. This synthesis approach to the non-inferiority
test procedure for each study combines the results of each NI study with the results from the
random effects meta-analysis into a normalized test statistic.

Based on this NI synthesis test procedure, NI Study 1 failed to demonstrate that Xeloda
retained at least 50% of the historical effect of 5-FU+LV versus 5-FU on overall survival, but
NI study 2 did demonstrate such an effect. It was then decided to determine what percent
retention might be satisfied by the data in a statistically persuasive way. By adapting the
synthesis test procedure for retention of an arbitrary percent of the S-FU+LV historical effect,
it was determined that NI Study 1 demonstrated that Xeloda lost no more than 90% of the
historical effect of 5S-FU+LV on overall survival and that NI Study 2 demonstrated no more
than a 39% loss of the historical effect.

The evidence of effectiveness of Xeloda was supported by the observation that the tumor

response rates were statistically significantly greater for the Xeloda arm and the fact that
Xeloda and 5-FU were structurally and pharmacologically very similar.
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