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CLINICAL SCENARIO
You are an internist seeing a 51-year-
old woman with severe osteoarthritis
and limited mobility who presents with
progressive dyspnea over a 3-day pe-
riod. She is subjectively in distress, with
a pulse rate of 105, a respiratory rate of
28 breaths per minute, and an arterial
oxygen saturation of 85% while breath-
ing room air. Aside from her arthritis,
the physical examination is unremark-
able, and the lower extremity examina-
tion shows no sign of deep venous
thrombosis. A computed tomographic
(CT) pulmonary angiogram reveals un-
equivocal clot in 2 lobar arteries.

Recently, you have been treating
patients with deep venous thrombosis
without hospital admission using low-
molecular-weight heparin (LMWH) ad-
ministrationintheoutpatientsetting.You
are less comfortable with this approach
in the more dangerous setting of pulmo-
naryembolism.Yourecallreceiving,from
the updating service to which you sub-
scribe, a recent trial that addressed this
issue.Beforediscussing the issueof inpa-
tientvsoutpatienttreatmentwithyourpa-
tient, you quickly retire to your office to
review the article.1 In doing so, you find
that the trial tested fornoninferiorityand
you wonder, as you begin to read the
methods and results, if there are special
issues you should consider when using
this article to guide your clinical care.

INTRODUCTION
Traditionally, randomized clinical trials
(RCTs) have sought to ascertain
whether a novel treatment is superior
to standard treatment or placebo in im-
proving quality of life or preventing
morbid or mortal events—what we will
refer to as effectiveness outcomes. In
these superiority trials, the primary ob-
jective is to determine the magnitude
of increased benefit of the novel inter-
vention over standard therapy on ef-
fectiveness outcomes.

Recently, another paradigm has
emerged that offers novel treatments
not on the basis of superiority in effec-
tiveness outcomes but instead be-
cause they reduce harms or other treat-
ment burdens relative to standard
treatment. In modern medicine, clini-
cians are fortunate to have many effec-
tive treatments; unfortunately, these

treatments are often associated with
harms, inconvenience, or excessive cost.
For these interventions, reducing treat-
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Clinical investigators are increasingly testing treatments that have the pri-
mary benefit of decreased burden or harms relative to an existing standard.
The goal of the resulting randomized trials—called noninferiority trials—is
to establish that the novel treatment’s effectiveness is not substantially less
than the existing standard. Conclusions from these trials are, however, based
on noninferiority thresholds specified by authors whose judgments may not
coincide with those of patients and clinicians. This article highlights issues
related to validity, interpretation, and applicability of results specific to non-
inferiority trials. Suboptimal administration of standard treatment or exclu-
sive reliance on the analyze-as-randomized approach that is standard for con-
ventional superiority trials may produce misleading results in noninferiority
trials. Clinicians should judge whether the novel treatment’s impact on ef-
fectiveness outcomes—the prime reason for wanting to prescribe it—is suf-
ficiently close to that of standard treatment that they are comfortable sub-
stituting it for the existing standard. Trading off desirable and undesirable
consequences is an individual decision: given the benefits of a novel treat-
ment, some patients may perceive the uncertainty regarding a reduction in
treatment effectiveness as acceptable while others may not.
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ment burden, including limitations and
inconvenience, becomes a legitimate
goal of innovative therapy.

In such instances, a question arises:
can clinicians be confident that the novel
treatment’s impact on effectiveness out-
comes—the prime reason for wanting to
prescribe it—is sufficiently close to that
of standard treatment that they are com-
fortable substituting it for the existing
standard? In technical terms, is the novel
treatment noninferior to the standard
treatment?

Noninferiority trials provide an al-
ternative to equivalence trials, which
endeavor to establish that a novel treat-
ment is neither better nor worse (be-
yond a specified margin) than the stan-
dard. In contrast, the noninferiority
trialist is unconcerned if the novel treat-
ment is better, so long as it is “not much
worse.” Perhaps illustrating the limi-
tations of the term, a noninferior treat-
ment may thus be inferior, just not so
inferior that it would cause concern.
How much worse (ie, how much less
effective) clinicians should consider ac-
ceptable will depend on the impor-
tance of the effectiveness outcome and
the magnitude of the reduction in
harms or burden achieved by the new
treatment.

Consider how the concept of not
much worse plays out for the patient
presented in the scenario above. She
may dislike spending time in the hos-
pital and may strongly prefer treat-
ment at home. But there may be risks

she incurs in choosing home manage-
ment. Perhaps the care she would re-
ceive in the hospital would result in a
lower risk of recurrent venous throm-
boembolism (VTE) and a lower risk of
serious bleeding, which can compli-
cate antithrombotic therapy. Would our
patient be willing to incur the addi-
tional risk of VTE or serious bleeding
that may be associated with home man-
agement? If so, what level of increased
risk would she be willing to tolerate?

The example illustrates that, given
that patients will choose the new treat-
ment only if the risks are not much
worse than the standard treatment, the
critical issue in interpreting noninferi-
ority trials is the choice of an accept-
able threshold of not much worse. This
noninferiority threshold (the dashed
line labeled � in FIGURE 1) is the maxi-
mum allowable excess of outcome
events arising from the novel treat-
ment compared with the standard treat-
ment. When designing noninferiority
trials, investigators set their own thresh-
olds, typically using statistically based
criteria (BOX 1). Sometimes, these stan-
dard approaches are not applicable, as
was the case in the trial of inpatient vs
outpatient treatment for pulmonary em-
bolism (BOX 2).

When subsequently reviewing their
results, if investigators find that the CI
around the estimate for the difference
in primary outcome events lies en-
tirely below their chosen noninferior-
ity threshold, they will claim noninfe-

riority (Figure 1, scenario B) or, in some
instances, even superiority of the novel
treatment (Figure 1, scenario A). If, on
the other hand, the CI crosses the
threshold, the trial has failed to estab-
lish noninferiority (Figure 1, scenario
C). If the CI lies wholly above the non-
inferiority threshold, then the novel
treatment is inferior to standard treat-
ment (Figure 1, scenario D).

If noninferiority trials choose insuf-
ficiently stringent thresholds, they run
the risk of concluding noninferiority
when many patients might be unwill-
ing to accept the novel treatment if they
were informed of the largest possible
increased risk (ie, decreased effective-
ness) associated with its use. If these
choices of thresholds go uncontested,
wide uptake of novel treatments could
prove detrimental to patients. In inter-
preting noninferiority thresholds, we
will encourage you to use your own
judgment rather than accepting that of
the investigators, relieving you of the
need to decipher what many may ex-
perience as obscure statistical reason-
ing used to define the thresholds.

Although others have explained the
rationale and provided criteria for in-
terpreting noninferiority trials,2,3,5-9 this
article strives to present a simple and
practical approach based on Users’
Guides principles. We will use contem-
porary examples to illustrate concepts
that can guide optimal clinical prac-
tice. In doing so, we follow the 3-step
approach of other Users’ Guides, fo-
cusing on issues of validity, interpre-
tation, and applicability of results spe-
cific to noninferiority trials (BOX 3).

ARE THE RESULTS VALID?
In previous Users’ Guides, this ques-
tion asks to what extent the results are
likely to represent an unbiased esti-
mate of effect vs systematic overesti-
mates or underestimates. As with other
studies addressing disease-manage-
ment questions, noninferiority trials will
reduce the risk of bias if they ensure
concealed randomization; demon-
strate balance of known prognostic fac-
tors; blind patients, clinicians, and out-
come assessors; and ensure complete

Figure 1. Possible Outcome Scenarios in Noninferiority Trials

Risk Difference or Relative Risk

Δ

Favors standard treatmentFavors novel treatment

Superior
Scenario A

Noninferior
Scenario B

Indeterminate
Scenario C

Inferior
Scenario D

0

The blue dashed line labeled � represents the noninferiority threshold or the maximum allowable excess of
outcome events arising from the novel treatment compared with the standard treatment. The tinted area rep-
resents the noninferiority zone.
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follow-up.Noninferiority trialsare,how-
ever,vulnerabletomisleadingconclusions
inways that superiority trials arenot.Al-
though not strictly related to the risk of
bias, we have classified the relevant con-
cerns as issues of validity (Box 3).

Did the Investigators Guard
Against an Unwarranted
Conclusion of Noninferiority?

Was the Effect of the Standard Treat-
ment Preserved?. One way to achieve
apparent noninferiority is to subopti-
mally administer the standard treat-
ment. Suboptimal treatment can in-
clude enrolling patients less likely to be
adherent or responsive to standard treat-
ment; enrolling a population at low risk
of the effectiveness outcome, particu-
larly if the noninferiority threshold is
expressed in absolute terms; reducing
treatment intensity or administering
treatment by a suboptimal route (eg,
orally rather than intravenously); or ter-
minating follow-up before treatment ef-
fects are fully manifest. One strategy to
assess whether the treatment effect was

likely to have been preserved would be
to evaluate the extent to which the de-
sign and conduct of the study at-
tempted to overcome each of these
threats to the standard treatment effect.

A second way to determine whether
the effect of standard treatment has been
preserved is to compare the event rate
in the noninferiority trial with those
seen in historical trials involving the
standard treatment. A higher event rate
in the standard treatment group in the
noninferiority trial compared with the
typical rate seen in historical trials
would raise the suspicion of subopti-
mal administration of the standard treat-
ment. Unfortunately, the competing ex-
planation—prognostic differences
between the populations enrolled in
noninferiority vs historical trials—is
also likely. Comparing patient charac-
teristics between the trials could help
decide which of the competing
explanations is more likely, but the pos-
sibility remains that unmeasured prog-
nostic features are responsible for the
observed difference in event rates.

Take, for instance, the Rivaroxaban
Once Daily Oral Direct Factor Xa Com-
pared With Vitamin K Antagonism for
Prevention of Stroke and Embolism in
Atrial Fibrillation (ROCKET AF) trial,
in which investigators declared rivar-
oxaban to be noninferior to warfarin in
managing patients with atrial fibrilla-
tion.10 Concerns exist about the ex-
tent to which the patients treated with
warfarin remained within the thera-
peutic range of anticoagulation
throughout this study in comparison
with previous RCTs comparing warfa-
rin with placebo. Investigators docu-
mented a mean time in therapeutic
range (TTR) of 55% in the warfarin
group in ROCKET AF, considerably less
than rates of approximately 75% (range,
42%- 83%) seen in prior studies11,12 and
in contemporary noninferiority trials.12

Hence, we cannot be confident that the
warfarin treatment effect was pre-
served in ROCKET AF. The apparent
noninferiority of rivaroxaban to war-
farin may be because the latter was sub-
optimally administered.13

Box 1. Statistical Approaches to Setting an Acceptable Noninferiority Threshold

There is no universally accepted method for defining an ap-
propriate threshold. It very much depends on the eye of the
beholder. Experts have recommended using sound statistical
reasoning and clinical judgment in determining noninferior-
ity thresholds.2,3 What is sound reasoning for one observer, how-
ever, may strike another as misguided.

The US Food and Drug Administration (FDA) has produced
draft guidance regarding noninferiority thresholds that has proved
highly influential.4 The logic of the FDA’s approach begins by con-
sidering the smallest plausible benefit achieved by the existing
standard treatment with which the novel—hopefully, noninfe-
rior—treatment is compared. One establishes the smallest plau-
sible benefit of the existing standard treatment by examining the
results of a trial of that treatment against the previous best care
or placebo. To establish the smallest plausible benefit, one fo-
cuses on the CI around the observed estimate of effect (in tech-
nical terms, the CI around the point estimate) and, in particular,
the boundary of the CI nearest to no effect.

For instance, the point estimate may suggest that the exist-
ing standard treatment decreases the absolute incidence of stroke,
relative to placebo, by an absolute difference of 3%, with a 95%
CI of 2% to 4% (FIGURE 2, top graph). The smallest plausible
benefit of the standard drug is then 2%, or 2 fewer strokes for
every 100 patients treated.

If the 95% CIs around the difference in strokes in a subse-
quent trial testing a novel drug for noninferiority include an
increase in strokes of 2% (for instance, a point estimate of no
difference, with a CI of a 2% decrease to a 2% increase), the
results are consistent with the new drug being no better than
placebo (Figure 2, scenario A). This is because the absolute ben-
efit of the existing standard may be a reduction in strokes of as
little as 2%, and those receiving the novel treatment may have
a stroke rate of 2% more than the standard treatment—exactly
equivalent to the rate on placebo.

The logic then goes that we should insist on some preser-
vation of the treatment effect. Commonly, drug regulatory
authorities stipulate that at least 50% of that minimal treat-
ment effect be preserved. The threshold would, in this
example, be 1%; if the novel treatment increases strokes by
no more than 1% relative to the existing standard, at least
50% of the 2% absolute reduction in stroke has been pre-
served5,6 (Figure 2, scenario B). Depending on the serious-
ness of the outcome, some may argue for retaining a greater
proportion of benefit, resulting in a more challenging nonin-
feriority margin. We have focused herein on expression of
the noninferiority margin in absolute terms; sometimes, the
choice of threshold is based on a relative rather than an
absolute effect.
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Using the second criterion, the rate
of stroke or systemic embolism in the
warfarin group was lower in the
ROCKET AF trial than has been seen
historically,14 despite the fact that pa-
tients in the ROCKET AF trial were
older and had a higher prevalence of hy-
pertension and diabetes mellitus than
those in the previous trials.11 Thus,
event rates fail to support the suspi-
cion of suboptimal warfarin adminis-
tration in the control group. The
low TTR, nevertheless, remains con-
cerning.

Did the Investigators Analyze
Patients According to the
Treatment They Received, as Well
as to the Groups to Which They
Were Assigned?

A second issue has to do with how
investigators dealt with patients who
were randomized and followed up to
the end of the study but did not take
their medication as intended or did
not use it at all. The purpose of ran-
domization is to ensure that prognos-
tic factors for the outcome of interest
are balanced between treatment

groups. It is likely that those who do
not adhere to the allocated treatment
as set out in the study protocol are
prognostically different from those
who do.15

Investigators may be tempted to
include only those individuals who
were adherent to study protocol and
omit those who were not (often called
a per-protocol analysis). This is likely,
however, to compromise the prognos-
tic balance that randomization created
in the first place. Since, more often
than not, nonadherent patients are
prognostically worse than adherent
patients, the omission of those who
failed to adhere to the novel treatment
is likely to bias results toward an
overestimation of treatment benefit in
a superiority trial. In contrast, an
analyze-as-randomized approach
(intention-to-treat analysis) analyzes
patients in the groups to which they
were assigned irrespective of the level
of patient adherence. As a result, it
yields an unbiased—and typically
more conservative—estimate of treat-
ment effectiveness in a superiority
trial.16

Unfortunately, the analyze-as-
randomized approach has serious limi-
tations in the context of noninferior-
ity trials. Picture a noninferiority trial
in which the novel treatment is actu-
ally substantially inferior to the cur-
rent standard. Let us further suppose
that, in this trial, many patients in the
standard treatment group do not, for
whatever reason, adhere to treatment.
In the analyze-as-randomized ap-
proach, including these nonadherent
patients may result in a substantial un-
derestimate of the benefit of standard
treatment and thus cause a misleading
inference of noninferiority in compari-
son with the novel treatment.

The per-protocol analysis—which fo-
cuses only on those who use the treat-
ment more or less as directed—while
likely introducing prognostic imbal-
ance can nevertheless provide some re-
assurance regarding noninferiority. If
the results of such an analysis are con-
sistent with those from the analyze-as-
randomized approach and if both lie be-
low the noninferiority threshold, our
inference regarding noninferiority is
strengthened. If, however, there are im-
portant differences between the re-
sults of the 2 analyses, the inference of
noninferiority is weakened.

For example, the Cardiac Insuffi-
ciency Bisoprolol Study (CIBIS) III trial
addressed the initial use of a �-blocker
rather than an angiotensin-converting
enzyme (ACE) inhibitor for prevent-
ing deaths or hospitalization in pa-
tients with heart failure.17 The investi-
gators set a noninferiority threshold of
a 5% absolute increase in the primary
end point of death or hospitalization
with �-blocker use. The as-random-
ized analysis met their noninferiority
threshold: the upper limit of the CI sug-
gested that an increase in death or hos-
pitalization greater than 4.4% with
�-blockers was very unlikely. In the per-
protocol analysis, however, the upper
limit of the CI was 5.1%, just above the
investigators’ chosen threshold. Were
one to accept the authors’ threshold, the
inference of noninferiority is weak-
ened by the results of the per-protocol
analysis. Whether one should accept the

Figure 2. Setting an Acceptable Noninferiority Threshold

Absolute Difference in Incidence of Strokes, %

Results from subsequent noninferiority trials of novel treatment vs standard treatment

Δ

Favors standard treatmentFavors novel treatment

Scenario A

Scenario B

0 1 32 4–1–2–3–4

Absolute Difference in Incidence of Strokes, %

Results from prior trial of standard treatment vs placebo

Favors placeboFavors standard treatment

0 1 32 4–1–2–3–4

A

B

A, Standard treatment decreases the absolute incidence of stroke, relative to placebo, by 3%, with a 95% CI
of 2% to 4%. B, The blue dashed line represents the noninferiority zone. In scenario A, the 95% CIs around
the difference in strokes between the novel treatment and the standard treatment includes an increase in in-
cidence of strokes by as much as 2% with the novel treatment, thereby failing to retain 50% of the minimal
treatment effect of the standard treatment. In scenario B, the same 95% CIs suggest that the novel treatment
increases the incidence of strokes by no more than 1%, thus successfully preserving at least 50% of the 2%
absolute reduction in stroke with the standard treatment.
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authors’ threshold at all is a point to
which we will return.

Back to the Clinical Scenario:
Validity of Inpatient vs Outpatient
Pulmonary Embolus Trial

In the pulmonary embolus study, the
investigators randomized 344 patients
with acute symptomatic pulmonary
embolus at low risk of death to outpa-
tient treatment for 5 or more days of
inpatient treatment.Randomizationwas
concealed via a central computer ran-
domization system. Neither patients nor
their caregivers were blinded to the allo-
cated treatment, but adjudicators of out-
come were. Patients in the treatment
and control groups were similar with
respect to known prognostic factors,
including location of the embolus,
comorbidity, and clinical findings.
Complete follow-up was achieved in all
but 5 patients. Although the lack of
blinding raises concern, blinding of the
outcome assessors provides a safe-
guard against risk of bias.

The crucial issues in optimal admin-
istration of the standard intervention in
this study are the duration of time pa-
tients in the hospitalized group re-
ceived LMWH and the TTR during sub-
sequent warfarin treatment. Patients
spent a mean of 8.9 days receiving
LMWH, as long or longer than the stan-
dard in many settings (and thus satis-
factory). The TTR was only 52%, which
is suboptimal and raises concern. How-
ever, the TTR in the outpatient group
was also 52%, substantially ameliorat-
ing the concern.

The investigators conducted both an
analysis-as-randomized and a per-
protocol analysis, which excluded pa-
tients in the hospitalized group dis-
charged within 24 hours and those in
the outpatient group discharged more
than 24 hours after randomization. As
you will see in the results that we pre-
sent below, the per-protocol results do
not substantially differ from the as-
randomized results.

In conclusion, although the trial has
some limitations in risk of bias, we
would conclude moderate to high cred-
ibility of its findings.

WHAT ARE THE RESULTS?
The relevant results of a noninferior-
ity trial focus on: (1) the difference be-
tween novel and standard treatment in
the effectiveness outcome that is the pri-
mary target of treatment, (2) the harm
and burden outcomes that should fa-
vor the novel over the standard treat-
ment, and (3) whether the results pro-
vide reassurance that the standard
treatment was optimally adminis-
tered.

Back to the Clinical Scenario:
ThePulmonaryEmbolismTrialResults

For pulmonary embolism, the pri-
mary effectiveness outcome is reduc-
ing recurrent VTE and the burden (stay-
ing in the hospital rather than being
treated at home) is easily measured. An-
other important issue is the incidence
of major bleeding, which could be con-
ceptualized as an additional outcome
warranting a noninferiority inquiry.
Even if outpatient care was noninfe-
rior to inpatient care with respect to the
primary effectiveness outcome, pa-
tients may choose to remain in the hos-
pital if the risks of serious bleeding are
substantially higher at home.

For each outcome, we are inter-
ested in the point estimate (the best es-
timate) of the difference in event rates
between novel and standard treat-
ments and its associated CI. The bound-
aries of the CI represent the range of
plausible truth—less likely than the
point estimate, but still plausible.
Herein, we will focus on the absolute
differences between groups at 90 days.
In the as-randomized analysis, recur-
rent VTE occurred in 1 individual in the
outpatient group and none in the in-
patient group, a difference of 0.6% or
6 in 1000, with an upper boundary of
the 95% CI of 2.7% (27 more VTE in
1000 outpatients). This result sug-
gests that it is very unlikely that the re-
current VTE rate among outpatients is
more than 4% (40 in 1000) greater than
among inpatients (P = .01), the au-
thors’ noninferiority threshold.

For serious bleeding, the investiga-
tors observed 3 events in the outpa-
tient group and none in the inpatient

group (1.8%, or 18 in 1000 more bleeds
in outpatients). The upper boundary of
the 95% CI is 4.5%, which exceeds the
authors’ 4% threshold and therefore fails
the statistical test of noninferiority
(P=.09).

The authors also present a per-
protocol analysis. It is consistent with
the as-randomized results, and the ma-
jor bleeding outcome is actually more
favorable to outpatient management (a
difference of 1.2% favoring inpatient
management, with an upper bound-
ary of the 95% CI of 3.8%; the P value
against the 4% threshold is .04).

How Can I Apply the Results
to Patient Care?

In applying findings from the medical
literature to individual patient care, we
suggest asking 3 questions (Box 3), of
which one—assessing trade-offs be-

Box 2. Setting the Noninferiority
Margin in the Pulmonary
Embolism Trial

Because there are no randomized
trials comparing anticoagulation to
no anticoagulation in pulmonary em-
bolism, the authors could not use the
procedure for setting the noninferi-
ority margin described in Box 1. As
an alternative, they first considered
the likelihood of recurrent venous
thromboembolism (VTE) at 90 days
in low-risk inpatients with pulmo-
nary embolism, which they esti-
mated at 0.9%. They then specified
a noninferiority margin of 4% (im-
plying that patients would find it ac-
ceptable if the rate of recurrent VTE
for outpatients would be less than
4.9%). They justified their choice by
saying that it was similar to the non-
inferiority margins—3% to 5%—
set in other trials of different antico-
agulant regimens in acute VTE and
outpatient vs inpatient treatment for
deep venous thrombosis. The au-
thors implicitly chose the same non-
inferiority margin—4%—for bleed-
ing, though they provide no
justification for this choice.
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tween a novel treatment’s potential de-
sirable and undesirable outcomes—
includes issues specific to noninferiority
trials.

Are the Likely Advantages
of the Novel Treatment Worth
the Potential Harm and Costs?

Is a particular noninferiority trial sim-
ply a failed superiority trial, portrayed to
put a happy face on a sad result? When
investigators plan their trials, they specify
theanalysis, and this specificationhas im-
plications for how results are inter-
preted. It is the job of the editors to en-
sure that only trials planned as
noninferiority are in fact reported as non-
inferiority trials. Unfortunately, editors

are not always thorough in carrying out
due diligence in this aspect (and oth-
ers) of reporting.18

The risk that a trial reported as
noninferiority may not have been
planned as noninferiority again high-
lights the importance of an indepen-
dent judgment of the noninferiority
threshold. You may be tempted to
turn to the authors of a study for
guidance on assessing the key infer-
ences from a noninferiority trial: are
the advantages of the novel treatment
worth the risks of loss of effective-
ness? In doing so, you are implicitly
accepting the authors’ noninferiority
threshold. For various reasons, inves-
tigators may have an incentive to be
as lenient as possible with the choice
of noninferiority threshold. Thus,
accepting that threshold may not
serve your patients’ best interests.

Consider first the CIBIS-III trial in-
vestigating the substitution of �-block-
ers for ACE inhibitors in the initial treat-
ment of heart failure that we used to
illustrate the desirability of a per-
protocol analysis. The as-randomized
and per-protocol results straddled the
authors’ noninferiority margin of 5%.
But is that margin appropriate? The
harms or convenience advantages of
�-blockers over ACE inhibitors are few,
if any. Thus, patients are unlikely to ac-
cept starting with �-blockers if it really
meant an absolute increase of up to
5% in the end point of death or
hospitalization.

Consider next the Post-Operative
Radiation Therapy for Endometrial
Carcinoma 2 (PORTEC-2) trial that in-
vestigated the effect of vaginal brachy-
therapy (VBT) vs pelvic external beam
radiotherapy (EBRT) on the primary
outcome of vaginal recurrence of en-
dometrial carcinoma.19 The investiga-
tors set a noninferiority threshold of a
risk difference of 6%—an increase in the
primary outcome of 6 events in 100 pa-
tients—between the 2 groups at 5 years.
After analyzing the data, they de-
clared the VBT regimen to be noninfe-
rior to EBRT on the basis that the up-
per boundary of the CI—an absolute
difference of 5%—fell below their

threshold. Although patients undergo-
ing VBT report better health-related
quality of life than those receiving
EBRT,19 for an outcome as serious as
cancer recurrence, we suspect that few
patients would be willing to choose the
VBT approach if the actual increase was
as great as 5%.

When looking at noninferiority
trial results, we suggest you act as an
advocate for your patients by assess-
ing whether they are likely to con-
sider the advantages of the novel
treatment worth the potential loss in
effectiveness. In doing so, you need
to consider the confidence you have
in the advantages of the novel treat-
ment. Some advantages may be very
clear (such as receiving treatment for
pulmonary embolus at home rather
than in the hospital) . In other
instances, advantages may be ques-
tionable or poorly documented.

However well documented the
advantages of the novel therapy, trad-
ing off the desirable aspects with the
potential loss in effectiveness may be a
challenging judgment. It is not, how-
ever, fundamentally different from
other patient-management decisions:
they all involve trading off the desir-
able and undesirable consequences of
the alternatives.20 On the basis of your
clinical experience and what you con-
sider to be the values and preferences
of most of your patients regarding the
outcomes under consideration, try to
estimate the noninferiority threshold:
the maximum increase in risk of the
primary outcome that your patients
would, on average, be willing to accept
in exchange for the novel treatment’s
reduction in harms or burden.

When you consider your patients as
a group—ie, the typical patient—you
may want to refer to published studies
that provide insight into patients’ val-
ues and preferences.21 Having done this,
now look at the upper boundary of the
CI for the primary outcome and note
the extent to which it exceeds your
threshold. If the upper boundary is
substantially greater than your thresh-
old—as, in our judgment, it was in
PORTEC-2—you may choose not to

Box 3. Users’ Guides Approach
to Evaluating a Noninferiority Trial
A. Are the Results Valid?

Did novel and standard treat-
ment groups start with the same
prognosis?

Was prognostic balance main-
tained as the trial progressed?

Were the groups prognostically
balanced at the completion of the
trial?

Did the investigators guard against
an unwarranted conclusion of
noninferiority?a

Was the effect of the standard
treatment preserved?

Did the investigators analyze pa-
tients according to the treatment
they received, as well as to the
groups to which they were as-
signed?

B. What Are the Results?
C. How Can I Apply the Results to

Patient Care?

Were the study patients similar to
my patient?

Were all patient-important out-
comes considered?

Are the likely advantages of the
novel treatment worth the poten-
tial harm and costs?a

aIncludes issues specific to noninferior-
ity trials.
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offer the novel treatment to your pa-
tients. However, if the upper bound-
ary of the CI is near your threshold—
that is, the balance between desirable
and undesirable consequences is a close
one—the decision must rest with each
individual patient.

Back to the Clinical Scenario:
Applicability of the Pulmonary
Embolism Trial Results

Your patient’s clinical profile suggests
a relatively low risk of death from pul-
monary embolism. She would thus
have been eligible for the trial, and its
results are directly applicable to her
care. Point estimates suggest similar
and very low risks of recurrent VTE (6
in 1000); the difference in important
bleeding is somewhat greater (18
more bleeds per 1000 in the outpa-
tient group). The CIs raise more con-
cern and include an increase in embo-
lism of 2.7% (27 in 1000) and an
increase in bleeding of 4.5% (45 in
1000), both within 90 days, in the
outpatient care group.

Because theirnoninferioritymargin for
VTE has been met, the authors con-
clude that “[i]n selected low-risk pa-
tients with pulmonary embolism, out-
patient care can safely and effectively be
used in place of inpatient care.” Indi-
viduals who, all else being equal, would
much prefer home treatment and are
ready to focus on the point estimates that
suggest that rates of adverse events (at
least VTE) are likely similar with outpa-
tient management, might agree. On the
other hand, risk-averse individuals who
perceive the possibility of increased risk
of VTE and bleeding with outpatient
management as not being worth the ben-
efit of receiving treatment at home would
not agree with this conclusion. We be-
lieve that there are likely to be a sub-
stantial number of such risk-averse in-
dividuals. Reliance on the authors’
noninferiority would not serve such pa-
tients well.

CONCLUSIONS
Critical appraisal of noninferiority stud-
ies closely follows the principles and

criteria for assessing any study of novel
management strategies. With respect to
validity, they require special attention
to the optimal use of the standard treat-
ment and to the results of the as-
randomized and per-protocol analy-
ses. With respect to the trade-offs
between desirable and undesirable con-
sequences, they require close atten-
tion to best estimates and CIs around
the difference in effectiveness out-
comes between novel and standard
treatments. In particular, clinicians
should consider whether patients would
be willing to accept loss in the effec-
tiveness outcome suggested by the up-
per boundary of the 95% CI, irrespec-
tive of whether this interval lies below
or above the investigators’ choice of
noninferiority threshold.
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