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Abstract

Non-inferiority trials are questionable when death and serious complications are included among outcomes. The term itself
“non-inferiority” is misleading, since such a study would not demonstrate that a new treatment is non-inferior to a control
treatment, but simply that the inferiority would not reach a pre-specified level, deemed as acceptable by the designers of
the trial. Group cross-over, assay-sensitivity and the need of a placebo arm are major issues for the reliability of non-
inferiority trials.

The SYNTAX trial for severe coronary artery disease was designed on a non-inferiority margin of 6.6%. In this paper
we show that the SYNTAX designers were ready to accept up to 30% higher rate of death and major adverse events to
claim the non-inferiority of percutaneous coronary intervention versus coronary artery bypass grafting. Eventually the
SYNTAX study failed because percutaneous patients sustained an even higher rate of adverse events. We propose major

caution in performing non-inferiority randomized trials.

Key words: Non-inferiority trial, percutaneous coronary intervention (PCID), coronary artery bypass graft (CABG),

Syntax-study

Randomized controlled trials (RCTs) are generally
considered the best available source of evidence
when comparing different medical treatments. Three
different statistical concepts can be identified in
RCTs: superiority, equivalence and non-inferiority
trials (1).

In superiority trials one treatment is declared
better than the control treatment if the outcome of
the former outperforms the latter. An equivalence
trial aims at demonstrating that the outcome of one
treatment falls within a certain pre-set range above
or below the outcome of the control treatment (1,2).
Non-inferiority may be confused with equivalence,
but this should be avoided (3-7). Non-inferiority
trials do not demonstrate that the investigated treat-
ment is actually non-inferior to the reference treat-
ment in the sense that the difference in effect be null.
Instead, the design aims to exclude that the inferior-
ity would reach a critical value, which the study

designers consider the maximum tolerable loss of
effect in order to accept the new treatment.

The aim of this paper is to discuss the concept of
non-inferiority used in the SYNTAX-trial (8). The
SYNTAX trial compared percutaneous coronary
interventions (PCI) using drug eluting stents, versus
coronary artery bypass grafting (CABGQG) in patients
with three-vessel coronary artery disease and/or left
main stem stenosis.

Non-inferiority trials

Theoretically, new treatments should be approved
only if they are better than the currently accepted
therapies, hence with superiority trials. Superiority
trials commonly require a lower number of patients
than other statistical models (2), and may thus be less
expensive. Nevertheless, non-inferiority trials are used
to test new treatments with increasing frequency (9).
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The aim of a non-inferiority trial is to declare a new
treatment acceptable, not to demonstrate improve-
ment in clinical outcome (9). This approach was
mainly used by pharmaceutical companies to obtain
the permission from control agencies to market new
drugs.

The European Medicines Agency (EMEA)
published in 2005 guidelines on the choice of the
non-inferiority margin in non-inferiority trials (10).
Basically, it might be appropriate to approve a new
treatment with a marginally lower efficacy than the
currently accepted reference treatment, on the con-
dition that the new treatment offers other relevant
benefits. This guideline states that “it may be useful
to specify co-primary endpoints, one to demonstrate
superiority in terms of the safety endpoint, the other
non-inferiority on the efficacy endpoint”.

Several issues make the use of non-inferiority
trials questionable:

a)  “Bio-creep”. If a new treatment is approved
as non-inferior to the current golden stand-
ard, it might become itself the future control
for a third treatment, which would then be
a double step down compared to the original
golden standard (6,11,12).

b) Cross-over bias. Cross-over between the
assignment groups generally confounds the
results of any trial. This phenomenon is
unfavorable for the new treatment in superi-
ority trials, as it may narrow the advantage
over the control. In non-inferiority trials,
cross-over might be favorable for the new
treatment, as it dampers the differences ver-
sus the control treatment and makes it easier
to declare the non-inferiority. Intention-to-
treat (ITT) analysis protects against cross-
over bias in superiority trials (13); but might
favor the new treatment in non-inferiority
trials (2,14), making both ITT and per-
protocol analysis advisable (1,15).

c) Assay-sensitiviry. A poor efficiency of research-
ers in detecting adverse events in a blinded
randomized non-inferiority trial would favor
the new treatment against the control treat-
ment (12). Paradoxally, if there were no events
at all in either group, the new treatment would
automatically be non-inferior to the control
group. This risk does not exist in superiority
trials, where the sponsors are motivated in
finding all adverse events, in the hope that
they would be more frequent in the control
group. If superiority is demonstrated, ques-
tions about assay sensitivity do not arise.

d) Placebo. In a superiority trial, if superiority
of the new treatment is proved over the active

control arm, one does not need to control
how superior the reference was over pla-
cebo, since a step forward in outcome is
made anyway. In non-inferiority trials it is
important to know exactly the margin of
superiority of the control treatment over pla-
cebo, since we presume that the new treat-
ment will place itself somewhere between the
control and the placebo. A properly designed
non-inferiority trial should include three
arms: the new treatment, the control treat-
ment and a placebo arm (10). The inclusion
of placebo in the trials is a strong guarantee
against a low assay-sensitivity and against
choosing a non-inferiority margin too far
from the active control and too close to the
placebo. If a placebo arms is not possible or
ethical, then the non-inferiority model is not
appropriate. EMEA published in 2010
guidelines on medical products for the treat-
ment of Alzheimer’s disease and other
dementias (16). This guideline states that
“due to concerns over assay sensitivity, the
use of a non-inferiority design without a pla-
cebo arm will not be accepted as proof of
efficacy”.

e) Non-inferiority margin. The choice of the
non-inferiority margin itself is critical. A
large non-inferiority margin allows the study
designers to enroll a smaller number of
patients. The choice of the non-inferiority
margin should, according to EMEA, be
based “upon a combination of statistical rea-
soning and clinical judgement” (10). The
non-inferiority margin should always be suf-
ficiently far from placebo level and “inde-
pendent of considerations of power” (10).

f)  Endpoints. According to EMEA’s guidelines
(10) is it “very difficult to justify a non-
inferiority margin of any size in a study
where the treatment under consideration is
used for the prevention of death or irrevers-
ible morbidity and there is no second chance
for treatment. Discussion of the number of
extra deaths that are acceptable is ethically
very difficult”.

The SYNTAX trial

The SYNTAX trial was a prospective randomized
trial of percutaneous coronary intervention (PCI)
with drug eluting stents versus coronary-artery
bypass grafting (CABG) in coronary artery disease
(8). Even though the SYNTAX was not a compari-
son between two drugs, the EMEA guidelines offer
the possibility for a discussion.
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It was performed by randomizing 1 800 patients
to either treatment. PCI would be declared non-
inferior to CABG “if the one-sided 95% upper con-
fidence limit for the difference was less than the
pre-specified delta value (6.6%)”, the endpoint being
a combination of death and major adverse events
(myocardial infarction, stroke and repeat revascular-
ization). The number of patients to enroll was calcu-
lated on the basis of an expected rate of primary
end-point of 13.2% for CABG and 14.0% for PCI,
based on literature analysis (8) (on-line supplement
to the paper).

According to the published results from the SYN-
TAX trial, the primary outcome after one year
occurred in 105 of 849 patients in the CABG group
(12.4%) and in 159 of 891 in the PCI group (17.8%).
Non-inferiority could not be declared because the
difference between the two groups was 5.5% point
with an upper one-tail 95% confidence interval of
8.3% (8).

Given the observed outcome rate of 105/849 for
CABG, it can be calculated that the authors would
have declared PCI non-inferior with up to 144 major
events among 891 patients, i.e. 16.2% (17). This
figure would give a 3.8% difference with an upper
one-tail 95% confidence limit of 6.6%.

The ethics of this design can be questioned. By
using a non-inferiority margin of 6.6%, the SYN-
TAX designers considered acceptable an approxi-
mately 30% higher rate of death and other major
adverse events. If the outcome rate for CABG had
been the expected 13.2%, i.e. 119 of 900 prospective
patients, then PCI would have been declared non-
inferior with up to 153 events in the 900 patients
(17%) enrolled to PCI. This figure would result into
a 3.8% absolute difference with an upper one-tail
95% confidence limit of 6.6%.

The justification for a non-inferiority study is that
some loss of efficacy might be accepted in exchange
for other benefits, first safety. If PCI is proposed as
an alternative to CABG for three-vessel and main-
stem disease, this should be done in the hope that
survival and major complications would be at least
equivalent and not up to 30% worse. In our opinion,
the SYNTAX study disregarded the safety of the
patients, by including death and major complica-
tions in the primary end-point of a non-inferiority
study. The PCI patients, compared to CABG group,
suffered 54 more major adverse events, including
nine deaths.

Other methodological issues for discussion are:

a) The EMEA guideline (10) states that if the
actual performance of the reference treat-
ment in the trial is different from “what was
assumed when defining the non-inferiority

b)

©)
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margin, then the chosen margin may no
longer be appropriate.” In the SYNTAX
trial the primary outcome for patients ran-
domized to CABG was 12.4%, ie. 6%
lower than the expected value of 13.2%.
Furthermore, in the CABG registry of
patients enrolled but not randomized, the
primary outcome rate was 8.8% (Table 7 of
the online supplement to the paper) (8).
When a placebo arm cannot be included in
a non-inferiority trial, historical data should
be used as “putative placebo” in order to
establish a reasonable non-inferiority margin
and control for assay sensitivity. If no reliable
historical data about a placebo effect are
available, the reference treatment should be
used as baseline and the researchers should
try to demonstrate direct superiority of the
new treatment over the reference, rather than
non-inferiority (10). In the case of severe
coronary artery disease a placebo group is
clearly unethical; we suggest that the closest
figure to placebo would be medical therapy.
Historical survival data for coronary patients
treated with CABG vs. medical therapy
before PCI development are out-of-date. In
the MASS-II trial, the PCI outcome was
closer to medical therapy than to surgical
treatment at five years (18), while after one
year the survival free of cardiac mortality and
myocardial infarction was even better for
medical therapy than PCI (19). These data
make the 6.6% non-inferiority margin of
SYNTAX questionable not only from the
ethical point of view, but even from a statis-
tical perspective.

The use of a composite end-point (MACCE,
major adverse cardiac and cerebrovascular
events: death, stroke, myocardial infarction
and repeat revascularization) as main out-
come has an intrinsic weakness, putting
together events with very different impact on
patient’s life. Its main justification is that
analyzing the single adverse events per se
would require a too large sample. The Authors
of SYNTAX correctly concluded that PCI is
inferior to CABG in this setting, but then
compared the adverse events one by one
using x2, specifically Table 3 of their publica-
tion (8). We are seriously concerned that
Table 3 would be misunderstood. It might
support among physicians the idea that the
inferiority of PCI versus CABG lies in a
“minor component” of the composite out-
come, i.e. the need of repeat revasculariza-
tion, while the “substantial components” of
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the outcome, i.e. death and myocardial inf-
arction are similar, and stroke even better
with PCI. Since the authors chose a non-
inferiority model, which is not based on tra-
ditional y2, they should be consistent and
avoid using a statistical test that would require
30-times more patients, rather than just stat-
ing that “subgroup analyses can only be con-
sidered as hypothesis-generating”. Given the
expected main outcome rates of 13.2% for
CABG and 14.0% for PCI respectively, if the
SYNTAX designers wished to analyze their
data with y? test, with p<<0.05 and power
90%, at least 53 750 patients should have
been enrolled, and this for the combined out-
come only (20).

Conclusions

Non-inferiority is a questionable concept bearing
important shortcomings. In the SYNTAX-trial, the
fact that PCI failed to demonstrate non-inferiority
versus CABG, makes this result even more negative
for PCI than one would believe at first glance.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.
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