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The draft FDA guideline on non-inferiority
clinical trials: a critical review from European
pharmaceutical industry statisticians

Bernhard Huitfeldt,®* and Jiirgen Hummel,® on behalf of European
Federation of Statisticians in the Pharmaceutical Industry (EFSPI)

The European Federation of Statisticians in the Pharmaceutical Industry (EFSPI) engages more than 2000 statisticians through
its ten national organizations. Amongst other things, EFSPI is involved in reviewing regulatory guidelines under development,
including the draft FDA guideline on non-inferiority clinical trials. This review resulted in several critical comments relating to
as follows: (i) the lack of one single standard for proving efficacy of new drugs implied by the guideline; (ii) the problems
with the suggested ‘fraction of effect to be preserved’; (iii) the formulation of the primary hypothesis in a non-inferiority trial
aiming at indirectly demonstrating a new drug is superior to placebo; and (iv) the preference in the guideline for the fixed-
margin method over the synthesis method in the analysis. The presumed implications of this guideline, if implemented as is,
are (i) increased confusion of how efficacy could be demonstrated when placebo control is not available, (ii) more complicated
communication between pharmaceutical industry and FDA because of the apparent disagreements on fundamental statistical
matters, and (iii) illogical consequences in the approval process because of which order drugs are approved rather than how
they fulfill the regulatory requirements. We believe that the area is not yet ready for such a prescriptive regulatory guidance
and that further research and experience are required until the methodology can be finally agreed. A strategy needs to be
developed by regulatory agencies together with drug industry and academia for a long term solution for this topic. Copyright
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1. INTRODUCTION

The environment for undertaking clinical trials in drug devel-
opment is gradually changing. One important element of this
change is the perception of the role of placebo, which is part
of the current clinical trial paradigm for proving efficacy of a
new drug treatment. In light of the continuing increase of new
effective treatments, the use of placebo in clinical trials is being
challenged by the medical community including ethics commit-
tees and patient advocacy groups. Regulatory authorities, on the
other hand, require placebo-controlled trials for a new drug to be
approved unless it is impossible for ethical or other reasons to
conduct such trials. It is, therefore, of paramount importance to
find a balance in this dilemma, which offers a reasonable environ-
ment for drug industries to develop new drugs combined with
regulatory requirements that allow authorities to perform their
legitimate task to protect the public from inefficient and unsafe
drugs. It is against this background that the new US Food and
Drug Administration (FDA) draft guideline for non-inferiority (NI)
clinical trials should be seen. The final version of this guideline will
set the conditions for drug development for a long time, which is
the reason why it has attracted so much interest in the clinical trial
community.

This paper gives a critical review of the draft guideline based
on consolidated comments from the national organizations of
the European Federation of Statisticians in the Pharmaceutical
Industry (EFSPI).

2. CURRENT REGULATORY DOCUMENTS FOR
NON-INFERIORITY STUDIES

Currently, there are two regulatory guidelines that directly
address the issue of demonstrating efficacy by using an active
control design. The first one was developed by the International
Conference on Harmonization (ICH) entitled ‘Choice of Control
Group and Related Issues in Clinical Trials’ (ICH-E10) and was pub-
lished in 2000 [1]. The second one was developed by the Euro-
pean Medicines Agency (EMA) and was called ‘Guideline on the
choice of the non-inferiority margin’ published in the series of
‘points to consider’ documents. This guideline came into effect
in 2006 [2]. More recently a reflection paper has been issued from
EMA addressing a related question, namely the need for active
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control, where use of a placebo control is deemed ethical [3].
In the following sections these guidance documents are briefly
summarized.

2.1. ICH-E10 Choice of Control Group in Clinical Trial and
Related Issues

This guideline gives a broad description of design issues in con-
trolled clinical trials. In particular, different purposes of clinical
trials are discussed distinguishing between those that provide
evidence of efficacy by using a direct or indirect comparison with
placebo, and those that provide relative efficacy and safety infor-
mation about a test compared with an active control. It is men-
tioned that an indirect comparison with placebo can be achieved
by showing superiority to an active control or by a non-inferiority
study, where a test treatment is shown to be non-inferior to an
active control previously shown to be superior to placebo. How-
ever, no specific guidance is given on the choice of non-inferiority
margin. The draft FDA guideline on non-inferiority clinical trials
attempts to fill that void.

In the ICH-E10, the concept of assay sensitivity was introduced
to indicate whether a clinical trial was able to distinguish an
effective treatment from a less effective or ineffective treatment.
Constancy, the other key assumption about non-inferiority tri-
als, which relates to the effect of the active control being con-
stant over time, was also discussed even though the very term
constancy was never used.

Judging by the way the guideline has been written, it seems
clear that harmonization across regions (USA, Europe, and Japan)
had been very difficult to achieve, and this is illustrated in the
sentence ‘the guideline does not address the regulatory require-
ments in any region, but describes what trials using each design
can demonstrate’. In spite that, ICH-E10 was an important step in
the development of this area and has inspired many statisticians
to conduct further research for improving the methodology.

2.2. European Medicines Agency guideline on choice of
non-inferiority margin

The EMA guideline is more focussed on the actual choice of the
non-inferiority margin compared with the ICH-E10, which has
a broader scope. It defines this margin as a pre-specified small
amount (delta), which is used to demonstrate that the test prod-
uct is not worse than the comparator by more than this amount.
The EMA guideline is concerned with both the absolute efficacy
of the test treatment in relation to placebo and the relative effi-
cacy of the test treatment and the active control, whereas in the
ICH-E10 the relative efficacy is emphasized to a lesser degree. But
similarly to ICH-E10, no specific advice is given for the choice of
margin. Instead, the guideline provides general advice on how
studies should be designed to be suitable for a non-inferiority
study and considerations for using historical data as a basis for
the choice of margin. The general spirit of the EMA and ICH guide-
lines is very similar with a few exceptions, which will be detailed
in Section 5 of this paper.

2.3. European Medicines Agency reflection paper on
three-armed trials

In this reflection paper, the importance of including a placebo
control in pivotal trials used to support marketing authorization

applications is emphasized, whenever this is ethical and feasi-
ble. But it is also stated that three-armed trials with experimental
medicine, placebo and active control represent a scientific gold
standard and that there are multiple reasons to support their use
in drug development. The need for active control is not a for-
mal requirement but is strongly recommended for a proper eval-
uation of the benefit/risk of a new experimental medicine. The
following two situations are mentioned when this is particularly
relevant:

1. The experimental medicine might be associated with serious
safety concerns or

2. The treatment with a medicine with inferior efficacy might
cause serious harm for the patients.

It is emphasized that the comparison with an active control
should normally be direct, that is, within one and the same trial
but that there are circumstances where an indirect comparison
might be sufficiently reliable. The issue about direct or indirect
comparisons is closely related to the issue of an indirect compari-
son of an experimental medicine to placebo in a non-inferiority
trial. However, in this reflection paper, there is no discussion
about how such an indirect comparison should be conducted, for
example, in terms of determination of a non-inferiority margin.

3. DRAFT FOOD AND DRUG
ADMINISTRATION GUIDANCE ON
NON-INFERIORITY CLINICAL TRIALS:
MAIN CONCEPTS

The FDA has publicly expressed its expectations regarding the
choice of non-inferiority margins for some time, for example, in
a presentation from February 2002 [4]. Thus, the pharmaceuti-
cal industry was eagerly awaiting the draft guidance on non-
inferiority clinical trial [5], which was released for comments on 2
March 2010 [6]. The draft guidance document was highly detailed,
filling 2433 lines over 63 pages.

The guidance can be grouped into four main parts. The first
part covers a general discussion of regulatory, study design, scien-
tific and statistical issues, whilst the second part provides details
on statistical approaches to determine the non-inferiority margin.
This is supplemented in the third part by commonly asked ques-
tions about NI studies. In the fourth part, five case studies are
presented to illustrate different aspects of the process of choos-
ing a NI margin, of the application of a method of NI analysis,
and other considerations relevant to conduct and interpretation
of results from a NI study. The FDA guidance regards the determi-
nation of indirect efficacy over placebo as the main objective for
a non-inferiority study (see Section 4 for more details).

In this section, we introduce the main concepts used in the
draft guidance, particularly those to which our comments in
Section 4 relate.

3.1. Non-inferiority margin: role of My and M>

The definition of the non-inferiority margin is based on two values
(My and M), which need to be chosen before the non-inferiority
study is performed.

The draft guidance defines M; as the ‘entire effect of the active
control assumed to be present in the NI study’ and specifies its
derivation as the ‘upper bound of the 95% two-sided confidence
interval (Cl) for control-treatment (C-T), acknowledging that this
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leads to a ‘conservative’ value. The choice of M is to be based on
the following:

1. Treatment effect estimated using historical evidence of sensi-
tivity to drug effects (HESDE) with active control drug, using a
meta-analysis

2. Assessment of likelihood that the current effect of the active
control is similar to the past effect (constancy assumption).
Using HESDE as the basis of My for the NI study is only appro-
priate if the constancy assumption holds.

3. Assessment of the quality of the NI trial to be performed

My, the non-inferiority margin, is defined as ‘the largest clini-
cally acceptable difference (degree of inferiority) of the test drug
compared with the active control’ The derivation is to be based
on the largest loss of effect that would be clinically acceptable,
therefore, quantifying how much of the effect of the active con-
trol needs to be preserved. Its choice is a ‘matter of clinical
judgement;, but ‘M; can never be greater than My

Figure 1, reproduced from Figure 3 in the draft FDA guid-
ance, illustrates four different examples and their proposed
interpretation:

1. ‘Test drug is effective (NI-demonstrated).

2. 'Upper bound of 95% Cl > M,, indicating unacceptable loss of
the control effect!

3. ‘Upper bound of 95% Cl < My, but it is slightly > M;.Judgment
could lead to conclusion of effectiveness.

4. ‘No evidence of effectiveness for test drug'

3.2. Analysis methodology: fixed margin and synthesis
method

The draft guidance specifies two different analysis approaches
for a non-inferiority study: the fixed margin method and the
synthesis method.

In the fixed margin method, My is based on the effect of
the active comparator in previous studies. The NI margin is pre-
specified, usually chosen to be smaller than M; (i.e., M3), and the
NI study is successful if it rules out inferiority of test drug to the
control drug by the NI margin. The name ‘fixed margin method’

Active Control — Test Drug differences
(point estimate, 95% CI1)

1 —

3 O L
4 i O {
0 M, M,

Control = Test (C-T)
{degree of inferiarity of test drug)

Figure 1. Active Control-Test Drug differences.

comes from the use of past studies to derive a single fixed value
for M.

The synthesis method, in contrast, combines (synthesizes)
within one analysis an estimate of the treatment drug effect rel-
ative to the control drug (from the NI trial) and an estimate of
control drug relative to placebo (from a meta-analysis of histor-
ical trials). It does so by treating both data sources as if they
came from the same trial, thus estimating what the placebo effect
would have been had a placebo treatment been included in the NI
study. One Cl is produced for the superiority hypothesis without
specifying a fixed NI margin.

We also want to highlight that the FDA guidance explicitly
expresses its preference, stating that ‘the fixed margin approach
is preferable’

4. EUROPEAN FEDERATION OF
STATISTICIANS IN THE PHARMACEUTICAL
INDUSTRY COMMENTS ON DRAFT FOOD AND
DRUG ADMINISTRATION GUIDANCE

4.1. Collating of comments

European Federation of Statisticians in the Pharmaceutical Indus-
try (EFSPI) is a federation of national associations of biostatistics
or medical statistics from ten European countries. For more infor-
mation about EFSPI, see http://www.efspi.org/. It was formed in
1990 and is engaged in statistical aspects of research, develop-
ment, production, and surveillance of drugs and medical devices.
Its constitutional objectives include promoting professional stan-
dards of statistics and the standing of the statistical profession of
importance for the European pharmaceutical industry. Through
its member associations, EFSPI engages over 2000 statisticians.

An important task of the federation is to be actively involved
in the development and review of regulatory guidelines, such as
those from ICH, FDA, and EMA. In particular, EFSPI was involved
in the review of ICH-E9 (Statistical Principles for Clinical Trials)
and ICH-E10 (The Choice of Control Group in Clinical Trials), and
more recently also in the EMA guidelines about missing data and
investigation of bioequivalence. Regarding ICH-E10, EFSPI wrote
a critical position paper describing shortcomings of this guide-
line in providing harmonized guidance in a disputed area [7]. This
engagement started EFSPI’s interest in the issue of proving effi-
cacy in active control studies, in the face of increasing difficulty in
using placebo in such trials. The FDA guidance on non-inferiority
clinical trials can be seen as a continuation of the ICH-E10 guide-
line, with the inclusion of the development of methods and regu-
latory practices that have taken place since then. It was therefore
entirely natural for EFSPI to engage in the review of this new FDA
guideline.

EFSPI has a well-established process for collating comments
on draft regulatory guidelines. The EFSPI council appoints a rap-
porteur, who coordinates a group of individuals representing
the member organizations. These individuals collate review com-
ments from their respective member organization, which are sub-
sequently consolidated to become the official EFSPI comments
after thorough discussion and agreement in the coordinating
group. The consolidated comments are finally approved by the
EFSPI council before they are submitted.

This process was applied for the review of the current FDA
guideline on non-inferiority clinical trials. The complete docu-
ment including all comments from EFSPI, major and minor, can
be found on the EFSPI website [8].
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The document is organized into a number of general com-
ments (referring to concepts or issues appearing in several places
of the guideline) and a series of specific comments (regarding par-
ticular sections, generally with a specific proposed change). In the
following, we present the major features of the EFSPI comments
as they were submitted to the FDA.

4.2. Single standard for proving efficacy

The true objective of an active-controlled efficacy trial is to show
that the drug is efficacious, that is, would have been superior to
placebo if a placebo controlled trial could have been conducted.
The use of an active controlled trial in combination with histori-
cal data, to indirectly demonstrate superiority to placebo, should
not be used as a basis to require an arbitrarily higher standard for
proving efficacy (in this case by introducing an additional fixed
margin My, which addresses the relative efficacy of the test drug
in relation to the control). This important principle has not been
applied in the draft guidance. Thus, we are concerned about the
recommendation in the guidance that suggests different stan-
dards for proving efficacy depending on whether placebo or an
active comparator is used. Arguments for a single standard of
evidence for deciding whether a pharmaceutical treatment has
demonstrated sufficient efficacy have also been presented in [9].

We acknowledge that there are weaknesses caused by an indi-
rect comparison, that is, the assumptions of assay sensitivity and
constancy. Thus, imposing some degree of conservativeness may
well be motivated, for example, through some kind of discount-
ing, for example in the determination of M. However, the pri-
mary purpose should still be to establish efficacy over placebo.
The examination of relative efficacy for the new drug versus the
control should not be an integrated part of analyzing the pri-
mary objective, which is to prove superiority of the test drug over
placebo.

We suggest therefore that it should suffice to require meeting
the margin M; for demonstrating efficacy of a test drug should
a fixed-margin approach be used. This would be in line with the
usual requirements in placebo-controlled trials and it would elim-
inate the uncomfortable need for the subjective and probably in
many cases not well-understood decision on a fraction of effect
of an active control to be preserved (M3).

4.3. Fraction of effect to be preserved

The guideline introduces a second fixed margin requirement
(M3), which is defined as a fraction of the active control effect
to be preserved. Thus, when comparing a new test drug with an
active control, the requirement implies that this more stringent
margin (M) is also excluded. This has two problems.

First, the requirement seems to be based on the trial design (i.e.,
a non-inferiority design) rather than, more appropriately, on the
existence of an effective therapy for the condition being studied.
The document encourages the use of placebo-controlled trials
to demonstrate a treatment effect when ethically feasible. Given
this, it does not seem logical to require a certain fraction of effect
to be preserved only when a non-inferiority design is chosen, but
not when a placebo-controlled design is chosen. Our opinion is
that the existence of an effective therapy, not the trial design,
should determine whether preservation of effect is required.

The second problem regarding the implementation of this
requirement is that it bases the conclusions regarding a clinically
meaningful effect on the lower end of the confidence bound for

effect to be preserved, rather than on the point estimate of the
difference between the test drug and the active control. This is
inconsistent with the customary approach for judging whether
a treatment effect is clinically meaningful, and also may lead to
serious logical inconsistencies in approval decisions. It may even
prevent truly superior new drugs (or truly effective drugs with
improved safety) to be approved. This has also been convincingly
demonstrated in [9].

4.4. Statement of primary hypothesis

One fundamental issue with the draft guidance concerns the
statement of the primary hypothesis to be tested and the asso-
ciated type-1 error rate to be controlled. According to the guid-
ance, the margin M; should be chosen so that, when a difference
between the treatment and control of My or greater can be ruled
out, one can conclude that the treatment difference is greater
than zero (i.e., treatment is superior to a placebo). In other words,
My is simply a nuisance parameter in this situation. However, the
document states that the primary hypothesis to be tested, and
the associated type-1 error rate to be controlled, should be with
respect to the difference between treatment and control of My or
greater. Because the primary aim is to demonstrate that the treat-
ment is superior to placebo, the most appropriate null hypothesis
should be that the treatment has no effect, and the type-1 error
rate of interest should be the probability of declaring an ineffec-
tive treatment to be effective. This probability can be controlled
through appropriate choice of My, or through other statistical
approaches such as the synthesis method. Stating the hypoth-
esis in terms of My, which is simply a nuisance parameter, adds
confusion throughout the document.

4.5. Synthesis method versus fixed margin method

The document describes two methods of analysis, the fixed-
margin method and the synthesis method, in an inconsistent
way. In some places, the document correctly refers to the synthe-
sis method as an alternative to the fixed-margin approach that
differs only in the way the variance terms (from the historical
data and the non-inferiority trial) are pooled. The way the vari-
ance terms are pooled in the synthesis method implies that this
method is more efficient than the fixed-margin method. Some-
times, the document refers to the inefficiency of the fixed-margin
method as a form of discounting that provides some additional
assurance in the presence of concern over the constancy assump-
tion. However, in other places it incorrectly refers to fundamental
problems with the synthesis method that are not shared by the
fixed-margin method. In fact, there are no such problems; in some
cases, this would become much clearer if the issue with regard to
the statement of the null hypothesis were fixed, as described in
Section 4.4.

There are incorrect assertions that the fixed-margin method is
not affected by the constancy assumption. There are also incor-
rect statements regarding advantages with respect to sample size
calculation and the need for clinical judgment regarding efficacy
preserved. Finally, the document rejects the use of the synthesis
method for My, but potentially allows its use when evaluating M.
We propose that the most efficient method should be used for
both analyses, that is, the synthesis method.

The preferred analysis method in the guideline for the fixed
margin approach is the so-called ‘95-95" method [10], justifying
it because of its conservativeness when demonstrating efficacy
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of a new drug over placebo. However, this method suffers from
several drawbacks. It is, by definition, a fixed margin approach,
which does not treat the historical estimate of efficacy of the
active control over placebo as a random variable, which indeed it
is. Further, because the method is based on the most unfavorable
end of a 95% confidence interval, it will lead to an overly con-
servative outcome. The synthesis approach, accounting for the
variability in both the current and the historical studies, should
be recommended instead.

4.6. Other comments

The guidance document is quite extensive, and the general
impression is that it is overly wordy and unnecessarily compli-
cated. The suggestion is to make it more condensed by primarily
removing repetitions. One suggestion could be to define all key
concepts and terms in one place and then use cross-referencing
when these terms appear later in the document. For example,
the term assay sensitivity is defined in four places with slightly
different wordings, which is rather confusing:

1. ‘could have distinguished an effective from an ineffective drug’

2. ‘control drug had at least the effect it was expected to have’

3. ‘ability of the trial to have detected a difference between treat-
ments of a specified size, My (the entire assumed treatment
effect of the active control in the NI trial), if such a difference
were present’

4, ‘active control would have had an effect of at least M’

The word ‘effectiveness’ is used inappropriately throughout
the document instead of efficacy, which is assessed in a study
using a non-inferiority design. Effectiveness is usually defined as
the extent to which an intervention does more good than harm
when provided under usual circumstances of health care practice
whereas efficacy relates to the extent to which an intervention
has a positive effect on the disease under clinical trial conditions
[11].

5. EUROPEAN MEDICINES AGENCY AND
DRAFT FOOD AND DRUG ADMINISTRATION
GUIDELINES: SIMILARITIES

AND DIFFERENCES

Many pharmaceutical companies aim to perform their drug
development globally. As this is greatly facilitated by consistent
regulatory requirements, we compare the EMA guideline with the
draft FDA guideline. Both documents are conceptually similar, but
use different terminology: ‘Demonstrating efficacy’ (EMA) corre-
sponds to meeting margin My (FDA) and ‘Establishing accept-
able relative efficacy to active comparator’ (EMA) corresponds to
meeting margin M, (FDA).

There are some important differences between the two guide-
lines, though. The EMA guideline asks the sponsor to specify the
goal of the study, for which it offers two options (indirect supe-
riority over placebo or no important loss of efficacy). The FDA
guidance only accepts the goal of no important loss of efficacy.
As such, the FDA guidance is more stringent; if a trial satisfies the
FDA guidance, then it also satisfies the EMA guidance.

Another difference relates to the derivation of M. The FDA
guidance suggests that M, is defined as a fraction of the active
control effect to be preserved. The EMA guideline states that
a non-inferiority margin as a proportion of the active versus
placebo difference is deemed inappropriate, both for studies

where the purpose is to indirectly prove a new drug is superior
to placebo and for studies where relative efficacy is the primary
purpose.

6. IMPLICATIONS OF DRAFT FOOD AND
DRUG ADMINISTRATION GUIDANCE

In the same way, as ICH-E10 addressed a scientifically immature
area at the time it was written, the FDA draft guideline on non-
inferiority clinical trials also tries to regulate an area for which
neither theory nor practice has been stabilized. If the final version
of the guideline will look more or less the same as the draft ver-
sion, then there are reasons to be very concerned about the impli-
cations for drug development in the future. We have a general
feeling that the ambition to ensure a conservative assessment of
new drugs, that is, focusing on protecting the type-1 error, leads
to several elements in the draft guidance that aim to achieve con-
servativeness in a way that is very confusing and unpredictable
for the pharmaceutical industry. The implication is that many truly
effective treatments will never reach the market because too little
consideration is given to the type-2 error in this context.

There is also genuine disagreement with regard to a number
of fundamental statistical issues between statisticians working in
the pharmaceutical industry and the authors of the draft guide-
line. This is not because of the fact that the proposed conserva-
tive methodology generally results in greater difficulties to get
new drugs approved, but, more importantly, that this methodol-
ogy is not founded on sound statistical theory, which have been
described both in this paper and in the Pharmaceutical Innova-
tion Steering Committee (PISC) Expert Team paper [9]. The com-
munication between FDA and industry will definitely be more
complicated if there are disagreements that are not based on
our different roles in drug development but rather on different
opinions on the subject matter. A similar disagreement existed
when FDA launched the idea of individual bioequivalence [12],
which was never enforced because of strong opposition from the
statistical community in drug industry.

Another implication of the FDA draft guideline concerns the
logical inconsistency associated with the preservation of effect
criterion, that is, the use of My in a fixed-margin approach. As
has been illustrated in [9], depending on which drug is approved
first a new experimental medicine may not be approvable even
though it is superior to placebo and with numerically better
efficacy compared with the drug already approved.

7. CONCLUSIONS AND SUGGESTED ACTIONS

We welcome the draft guidance on non-inferiority clinical trials,
as it documents current FDA's expectations for such trials. How-
ever, we are sincerely concerned about some of the requirements
stated within the guideline. In our opinion, they do not repre-
sent a fair balance between the need for the regulatory agency
to protect the public from ineffective new drugs and the desire
for the industry to offer the public new effective drugs. This is
reflected in many measures suggested to protect the type-1 error
without a similar appreciation of the impact on the type-2 error.
Some of these requirements are also not founded on sound statis-
tical theory, for example, formulating the primary hypothesis as a
non-inferiority hypothesis when the primary scientific question is
concerned with superiority of the test drug over placebo. Another
example is the preference for the fixed-margin method over the
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more efficient synthesis method. The use of the synthesis method
would eliminate the need for determining a non-inferiority mar-
gin, which is partly based on a subjective decision.

We do not think that this area is quite ready for a regulatory
guideline with such prescriptive requirements of the nature seen
in the draft FDA guideline. We would suggest that this document
instead is regarded as a position statement providing the current
FDA opinion, with an acknowledgement that further research
and experience are required until the methodology can be finally
agreed. Furthermore, we would welcome an invitation by both
the US and EU regulatory agencies to all interested parties, includ-
ing industry and academia, to develop a strategy for the devel-
opment of a long term solution for this topic. This should also
include a broader discussion on how efficacy of new drugs should
be demonstrated in the future when fewer and fewer relevant
trials will be available that have adequately demonstrated the
efficacy of standard treatments against placebo.
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