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EDITORIAL COMMENT

What Do Noninferiority Trials Say
About Coronary Stents?*
John A. Bittl, MD

W

hen investigators are trying to prove that

of a noninferiority trial is to compare the 2 treat-

a new treatment is superior to an exist-

ments, obtain a 95% conﬁdence interval with a

ing one, they commonly use statistical

lower bound that does not cross the noninferiority

methods that prevent them from saying what they

margin,

want to say (1). Before showing that a new treatment

that the difference between the new and old treat-

and

satisfy

the

alternative

hypothesis

is better than an old one, investigators must ﬁrst

ments is less than -D . In the backward world of non-

fabricate a null hypothesis that says there is no differ-

inferiority, the null hypothesis contains a treatment

ence between the new and old treatments. After a

difference, whereas the alternative hypothesis seems

clinical trial has been completed, a p value is calcu-

“null” (5).

lated from a mathematical simulation that represents

Despite the convoluted statistical design, non-

how frequently the observed data would have

inferiority trials have been popular for comparing

occurred if the trial could have been repeated a large

stents.

number of times and the null hypothesis were true. In

Interventions, 2 reports (7,8) describe several such

In

this

issue

of

JACC:

Cardiovascular

the frequentist framework, the p value represents the

studies. Yeh et al. (7) summarize the experience with

proportion of trials that would have produced similar

a durable-polymer zotarolimus-eluting stent (DP-ZES)

results—based on a large series of repetitions that

in a series of noninferiority trials and registries

does not occur, conditional on a null hypothesis

known as the Resolute program. The investigators

that no one truly believes (2). A p value of less than

report that the 5-year cumulative incidence of deﬁ-

an arbitrary cutoff of 0.05 allows investigators to

nite or probable stent thrombosis was 1.2%, which

conclude that, “Either an exceptionally rare chance

consisted of a rate of 0.7% at 1 year and an annualized

has occurred or the [null hypothesis] is not true,”

rate of 0.1% thereafter. Although the Resolute pro-

(3) although in fact there may be no relation between

gram (7) may have enrolled patients with higher risk

the probability of the null hypothesis and the plausi-

than, say, the DAPT (Dual Antiplatelet Therapy) trial

bility of an alternative hypothesis. Generating a point

(9), a study that used a superiority design, with more

estimate and 95% conﬁdence interval helps to deﬁne

patients in the Resolute program having high-risk

the treatment effect but does little to reverse the

baseline characteristics such as prior myocardial

inverted logic of frequentist statistics (4,5).y

infarction (29% vs. 22%) or diabetes (37% vs. 31%)

When investigators are trying to prove that a new

than patients in the DAPT trial (9), the annualized

treatment is noninferior to a preexisting therapy, the

rate of very late stent thrombosis was 3 to 10 times

statistical

lower in the Resolute program than in the DAPT trial.

methods

become

more

tortuous

and

nonintuitive (5). To compare 2 treatments using a

Does this discrepancy reﬂect differences in stent

marginal analysis (6), investigators postulate a “null”

safety, trial design, or ascertainment of events?

that describes a difference between the 2 treatments,
as deﬁned by a noninferiority margin - D (5). The goal

y

The 95% conﬁdence interval, like a p value, is commonly misunderstood

as a direct probability statement, but there is not a 95% guarantee that
*Editorials published in JACC: Cardiovascular Interventions reﬂect the
views of the authors and do not necessarily represent the views of JACC:
Cardiovascular Interventions or the American College of Cardiology.

the true treatment effect lies within the conﬁdence interval. Instead, the
traditional 95% conﬁdence interval describes the hypothetical performance of a large number of similar trials, and like the theoretical exercise
for deﬁning a p value, the process would generate a large number of
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conﬁdence intervals, of which 95% will contain the true odd ratio but the
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odd ratio cannot be stated (5).
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Investigators involved in superiority trials are rewar-

In noninferiority trials this may lead to the problem

ded for achieving high enrollments and capturing all

of “techno-creep” (5), in which progressively inferior

events to maximize the chance that they will ﬁnd a dif-

devices are shown to be “not unacceptably worse” (5)

ference. Not meant to be a criticism, but investigators

in sequential comparisons (11). In this regard, it is

involved in noninferiority trials or registries are not

important to recognize the emerging evidence (12,13)

penalized for losses to follow-up or incomplete ascer-

that a different coronary stent, a durable-polymer

tainment of events, because such deﬁciencies could in-

everolimus-eluting

crease the chance of ﬁnding no difference (5). Along these

rombotic ﬂuoropolymer (14) on a thromboresistant

lines, it was reassuring that the Resolute program (7)

platinum chromium metallic backbone (15), is the

included studies that reported 2-year follow-up adher-

current standard.

stent

containing

an

antith-

ence as high as 98.1% and observed 5-year rates of 5.0% for

The present studies (7,8), along with a separate

cardiac death and 4.4% for target vessel myocardial

noninferiority trial (16), provide a level of reassurance

infarction that were more in line with the 18-month rates

that the DP-ZES is not unacceptably worse than mul-

of 0.9% for cardiac death and 3.0% for myocardial

tiple biodegradable-polymer stents. But, given the

infarction in the DAPT trial (9).

ever-changing evidence base in interventional cardi-

In a second paper In this issue of JACC: Cardiovas-

ology and the convoluted statistics of noninferiority

cular Interventions, Raungaard et al. (8) report the

trials, some practitioners may wonder how a DP-ZES

3-year results of the SORT OUT (Scandinavian Orga-

would stand up against a durable-polymer ever-

nization for Randomized Trials with Clinical Outcome)

olimus-eluting stent or question whether better

VI trial, a noninferiority trial that compared the DP-ZES

methods of comparison might be found. Future efforts

with a biodegradable-polymer biolimus-eluting stent

could explore the possibility of using Bayesian ap-

(BP-BES) in 2,999 patients. The original publication

proaches, which predated frequentist approaches by at

(10) reassuringly reported follow-up in 99.7% of

least 150 years (1,4) and are ﬁrmly rooted in the science

enrolled patients but found event rates for the primary

of probability (17). A central component of the

endpoint of 5.3% in the DP-ZES group and 5.0% in the

Bayesian approach is the Bayes factor, which in its

BP-BES group that were both lower than the expected

simplest form is a likelihood ratio, which has been

rate of 6.5% and differed from each other by less than

applied widely in diagnostic testing to calculate the

the prespeciﬁed absolute risk margin of 2.5% (10). To

predictive value of a positive result and in its loga-

afﬁrm noninferiority of the DP-ZES compared with the

rithmic form log e (OR) labeled by Alan Turing as the

BP-BES, the investigators (8) now report no difference

“weight of evidence” to crack the Nazi Enigma codes in

in major adverse cardiac events (8.6% vs. 9.6%), death

the Second World War (4). As compared with p values,

(2.7% vs. 3.4%), or very late stent thrombosis (0.4% vs.

which greatly overstate the evidence against the null

0.7%) at 3 years, respectively.

hypothesis (18), Bayes factors range from 0 to N and

Noninferiority trials have become an integral part of

constitute a potentially superior approach that weighs

the interventional cardiology evidence base and do not

the relative likelihood of 2 different hypotheses, with

necessarily prove that industry has hacked frequentist

small values close to 0 simultaneously providing

statistics to promote a raft of “me-too” coronary

strong evidence against a true null hypothesis and for

stents. Although most investigators would prefer to

an alternative hypothesis (1,4,18). A fresh look at an

declare that a new stent is better than an old stent,

old approach might allow investigators to make direct

some practitioners might be willing to sacriﬁce a little

probability statements from their data and say pre-

efﬁcacy in exchange for improved deliverability, lower

cisely what they mean to say.

cost, or shorter courses of DAPT, although the present
studies (7,8) do not show directly whether the DP-ZES
REPRINT REQUESTS AND CORRESPONDENCE: Dr.

or the BP-BES offers such advantages.
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