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Use of Mortality as an Endpoint in Noninferiority Trials May Lead
to Ethically Problematic Conclusions
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BACKGROUND: Noninferiority trials are becoming more
common. Their design often requires investigators to
“trade” a secondary benefit for efficacy. Use of mortality
as an outcome of interest leads to important ethical con-
flicts whereby researchers must establish a minimal clin-
ically important difference for mortality, a process which
has the potential to result in problematic conclusions.
OBJECTIVE: We sought to investigate the frequency of
the use of mortality as an outcome in noninferiority trials,
as well as to determine the average pre-specified noninfe-
riority (“delta”) values.

DESIGN: We searched MEDLINE for reports of parallel-
group randomized controlled noninferiority trials pub-
lished in five high-impact general medical journals.
MAIN OUTCOME MEASURES: Data abstracted from ar-
ticles including trial design parameters, results, and in-
terpretation of results based on CONSORT
recommendations.

RESULTS: One hundred seventy-three manuscripts
reporting 196 noninferiority comparisons were included
in our analysis. Of these, over a third (67 trials) used
mortality either as their sole endpoint (11 trials) or as part
of a composite endpoint (56 trials). Nine trials were consort
A, 21 trials consort B, 19 trials consort C, 12 were consort
F, 4 consort G, and 2 were consort H. Four analyses
showed statistically significant more deaths in the new
treatment arm, while meeting consort criteria as
“inconclusive” (consort G), (Behringer et al. in Lancet.
385(9976):1418-1427, 2015; Kaul et al. in N Engl J Med.
373(18):1709-1719, 2015; Bwakura-Dangarembizi et al.
in N Engl J Med. 370(1):41-53, 2014) and thirteen trials
utilizing mortality as an endpoint and had an absolute
increase of > 3%, and six had an absolute increase of > 5%.
CONCLUSIONS: The use of mortality as an outcome in
noninferiority trials is not rare and scenarios where the
new treatment is statistically worse, but a conclusion of
noninferiority or inconclusive do occur. We highlight these
issues and propose simple steps to reduce the risk of
ethically dubious conclusions.
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INTRODUCTION

Noninferiority trials are increasing in frequency.' > These
trials compare new therapeutic or diagnostic strategies to the
ones of established efficacy. This form of trial was first devel-
oped as a tool for comparing interventions when one has an
intrinsic advantage.4’ S If, for example, an intervention is
cheaper, less toxic, more durable, or easier to use, it may not
need to be clearly more efficacious—only not worse. In such
cases, it may be reasonable to utilize a less stringent standard
when performing our statistical testing.

Figure 1 and Table 1 summarize the CONSORT recom-
mendations regarding the establishment of noninferiority, su-
periority, inferiority, and inconclusive results.® Under this
rubric, a noninferiority trial can result in eight possible desig-
nations (see Table 1).

Superiority and inferiority are established in the typical
manner with an upper or lower confidence interval excluding
zero. Noninferiority, however, is established when the confi-
dence intervals exclude a prespecified margin, sometimes
called the prespecified margin of indifference, noninferiority
margin, or simply delta (see Fig. 1). This margin is selected so
that any differences between the new and old interventions are
small enough to be considered clinically unimportant. While it
is well known that findings may be statistically, but not clin-
ically, significant, noninferiority trials add rigor by requiring
pre-specified clinically meaningful differences. An under-
standing of what constitutes clinically meaningful is therefore
integral to the process of deciding upon what noninferiority
margins should be tolerated.

Pre-established noninferiority margins are often reported
without explanation or with incomplete justification.” Further-
more, many trials include death as an outcome, either primar-
ily or as part of a composite endpoint. Such an arrangement
has the potential to result in some disquieting conclusions. An
intervention may be found to result in statistically more deaths,
and yet still be viewed as “inconclusive” (see Fig. 1, scenario
G), or even “noninferior” (see Fig. 1, scenario D). An impor-
tant question is what constitutes a minimal clinically signifi-
cant difference when death is the outcome. Unlike other out-
comes, the selection of clinically insignificant differences for
mortality may be difficult to establish. This study’s purpose
was to investigate the frequency of mortality as an outcome in
noninferiority trials, determine what previous researchers have
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Fig. 1 CONSORT diagram for interpreting the results of noninferiority trials based on the 95% confidence interval of the difference between
the new treatment and active control. NT new treatment. The triangle represents the prespecified margin of noninferiority.

specified as clinically insignificant, and report the range of
findings in an important subset of noninferiority trials.

METHODS

Our search strategy and data extraction method and validation
have been previously described in detail elsewhere.” Briefly,
we searched MEDLINE for reports of parallel-group random-
ized controlled noninferiority trials published in five high-
impact general medical journals. We reviewed the resulting
titles and abstracts to identify articles that met our principal
inclusion criteria: prospective, parallel group, randomized
controlled trials where a primary outcome of mortality (either
alone or as part of a composite endpoint) was tested using a
noninferiority hypothesis. Composite outcomes which re-
quired a pre-condition survival (such as progression-free sur-
vival) were also included. We reviewed full-text manuscripts
for studies passing these initial criteria and excluded trials that
had a cluster randomized design, trials where the data were
incomplete or could not be summarized, and those that used
Bayesian methodology.

We abstracted journal, year of publication, specialty orien-
tation of the trial, treatment in each arm, and primary outcome
and whether the primary outcome or part thereof included

mortality. We abstracted methodological data including pre-
specified noninferiority margin and its justification or lack. A
second author performed an independent data abstraction on a
10% random sample to ensure accuracy and found no
discrepancies.

We characterized trial results in terms of the point esti-
mate and confidence intervals in accord with the CON-
SORT statement and the authors’ conclusions regarding
declarations of noninferiority, superiority, inferiority, and
inconclusive results (see Fig. 1). If the one-sided alpha
used for the analysis was greater than 0.025, we
recalculated, where possible, a 2-sided 95% confidence
interval for comparison to CONSORT recommendations
and documented whether the conclusions were different
than the original alpha. For trials that reported co-primary
or multiple outcomes, we used the first mentioned outcome
as the primary outcome. Some trials compared multiple
treatments, e.g., multiple doses of a new drug against one
comparator group and we considered these to represent
separate comparisons. In determining if justification for
the selection of a noninferiority margin value was present-
ed, we coded trials as having “none” if no mention was
made as to how it was selected, “abstract” if some mention
was made but it was vague or irreproducible, and “concrete” if
an explicit reproducible justification was provided.

Table 1 Consort Classification and Description Thereof as well as Number of Trials in Our Cohort in Each Class. Significance Defined as
P <0.05; NT new treatment, AC active control

Consort classification Consort designation Consort description Trials, n
A Superior Point estimate significantly favors NT, and delta is excluded 7

B Noninferior Point estimate nonsignificantly favors NT, delta is excluded 15

C Noninferior Point estimate nonsignificantly favors AC, delta is excluded 15

D Noninferior Point estimate significantly favors AC, but delta is excluded: 0

E Inconclusive Point estimate nonsignificantly favors NT, delta is not excluded 0

F Inconclusive Point estimate nonsignificantly favors AC, delta is not excluded: 12

G Inconclusive Point estimate significantly favors AC, delta is not excluded: 4

H Inferior Point estimate significantly favors AC, delta is excluded by lower bound CI 2
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We pooled the reported mortality using a random effects ap-
proach. When pre-specified deltas were given as a relative mea-
sure, such as hazard ratio, we converted them to absolute risk
reduction for use in direct comparison (Fig. 2). A weighted average
was for the noninferiority margin was calculated. For other relevant
clinical variables, we compared central tendency and frequency
using the two-sample ¢ test or Mann-Whitney U test where appro-
priate for continuous variables, and the x2 test or the Fisher’s exact
test when sample size was small for dichotomous covariates. All
displayed p values are two-sided with a significance level of
p<0.05 (STATA v. 15.1, College Station, TX).

RESULTS

One hundred seventy-three manuscripts reporting 196 nonin-
feriority comparisons met inclusion criteria. Of these, over a

third (67 trials) used mortality either as their sole endpoint (11
trials) or as part of a composite endpoint (56 trials). Trials
utilizing mortality as an endpoint were most frequently found
in cardiology, oncology, and infectious disease trials. Approx-
imately two thirds of these were industry-sponsored trials,
which were more likely to utilize mortality as an endpoint
(p =0.03).

The mean pooled pre-specified noninferiority margin for
these trials ranged from 0.4 to 19.1% with a mean of 2.8%.
This noninferiority margin was more conservative than trials
that did not utilize mortality as an endpoint that had an average
delta 10.0% ranging from 0.6-25% (p <0.001). Of the 67
trials, only 15 had concrete and explicit justification for their
choice of delta, and an additional 3 had incomplete justifica-
tion, with the remaining 49 trials offering no justification for
their chosen noninferiority margin.

Study %
D E8/(95% C) Weight
Consort A
Engert2 (2012) —— 40.05(-0.08, -0.01) 0.80
Engert3 (2012) — 0.04(-007,-000) 083
Rummel (2013) —_—— <0:47{-0.26, -0.09) 0.16
Lo-Coco (2013) —_—— 0:42(-0.19, -0.04) 021
Buller2 (2015) —_—— ©026(038,-0.14)  0.08
Urban (2015) - 40.04(-0.06, -0.01) 1.35
Uesaka (2016) —_—— 0:19(-0.29, -0.10) 0.13
Marso (2016) z -0.02(-0.03, -0.00) 259
Marso (2016) ©002(-004,-000) 202
Subtotal (I-squared = 82.5%, p = 0.000) pe 007{-0.09,-0.04) 818
Consort B l
Smith (2011) —— “0.01+(-0.08, 0.05) 0.28
stefanini (2011) —— 0.04-0.08, -0.00) 069
Aversano (2012) * 0.00-0.00, 0.00) 4.30

Engert (2012) —— <0.01+(-0.05, 0.03) 073
Schuiman (2013) * 0.001-0.00, 0.01) 3.43
Wise (2013) oo -0.01, 0.01) 331
White (2013) 00(-0.02, 0.01) 216
Cohen (2013) 2% 0.01,0.01) 857
Wise2 (2013) 0.00(-0.01, 0.01) 331
Agneli (2013) 0.00(-0.01, 0.00) 858
Adams (2014) —— 40.05(-0.10, 0.01) 0.39
Jindani2 (2014) —r 0.021-0.06, 0.03) 0.59
Healey (2015) 0.01-(-0.03, 0.01) 1.70
Buller (2015) —_— “0.04(-0.17,0.10) 0.07
Kehoe (2015) —4.— 0.02(-0.10, 0.06) 0.19
Green (2015) 0.001-0.01,0.01) 333
Maertens (2016) = .02(-0.08, 0.05) 024
Mehana (2016) T 0.01+(-0.08, 0.06) 0.25
Nissen (2016) 0.00(-0.01, 0.00) 393
McMurray (2016) <0.01(-0.04, 0.02) +.20
Leon (2016) —— 0.02-0.05, 0.02) 0.81
Subtotal (I-squared = 0.0%, p = 0.867) ‘ “0.001-0.00, 0.00) 38.06
Consort C
Crook (2012) — 0.02(-0.03, 0.07) 0.42
EINSTEIN-PE (2012) * 0.001-0.00, 0.01) 369
motzer (2013) —— 0.021-0.04, 0.08] 0.33
scirica (2013) 0.001-0.01, 0.01 361
Jacobs (2013) 0.001-0.02, 0.02] 1.60
Smits (2013) % 0.001-0.01, 0.02] 213
feres (2013) 0.001-0.01, 0.02] 223
von Birgelen (2014) - 0.014-0.01, 0.03; 1.70
Pritchard-Jones (2015) — 0.041-0.01, 0.09] 0.47
Pilgrim (2015) - 0.001-0.02, 0.02] 1.70
Adrehali (2015) —_—— 0.031-0.04, 0.10) 0.23
Elis (2015) el 0.024-0.01, 0.04] 151
Pleffer (2015) 0.001-0.01, 0.02] 213
Raungaard (2015) 0.004-0.01, 0.02] 236
Stone (2016) 0.011-0.03, 0.04) 0.93
Rosenfield (2016) 0.001-0.01, 0.03] 191
Peters (2016) 0.001-0.00, 0.00) 431
Stempel (2016) 0.001-0.00, 0.00] 434
Stempel (2016 0.004-0.00, 0.01 417
Subtotal (I-squared = 0.0%, p = 0.983) 0.00-0.00, 0.00] 89.78

Consort F
Brousser (2011) * 0.001-0.01, 0.01) 3.43
Kirchhhof (2012) —_—— 0.071-0.02, 0.15) 0.16
Christiansen (2013) - 0.01{-0.01,0.02) 248
Hussain (2013) 0.051-0.00, 0.09) 0.46
Paton (2014) - 0.04(-0.02, 0.11) 0.26
Merle (2014) —— 0.041-0.00, 0.08) 0.60
Paul (2015) T 0.10-0.01,0.22) 0.09
Park (2015) — 0.03{-0.01,0.07) 0.69
Radford (2015) — 0.04-0. oz. 0.09) 0.35
Johnson (2016) - 0.011-0.03, 0.06) 052
Anderson (2016) —8- 00210 m 0.06) 0.82
Subtotal (I-squared = 28.7%, p = 0.172) 0.0210.01, 0.03) 987
Consort G |
Bwakura-Dangarembizi (2014) —— 0.0610.01,0.11) 041
Kaul (2015) - 0.03{0.01, 0.04) 197
Behringer2 (2015) —— 0.0410.01, 0.07) 0.89
Behringer (2015) —— 0:4210.06, 0.18) 033
Subtotal (I-squared = 68.0%, p = 0.025) = 0.0510.02, 0.09) 861
Consort H
Jindani (2014) —— 0:1310.06, 0.20) 025
Behringer3 (2015) g 0:1610.09, 0.22) 026
Subtotal (I-squared = 0.0%, p = 0.620) 0:4510.10, 0.19) 051
Overall (I-squared = 68.8%, p = 0.000) 0.001-0.00, 0.00) 100.00
—NOTE: Weights are from random eﬂlec!s analysis t T
-.38 0 .38

Fig. 2 Forest plot for mortality outcomes by consort designation. All outcomes are reported as absolute risk reduction (ARR).
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Table 1 describes trials with mortality as an endpoint as well
as their consort classification. We found 9 trials were consort
A (point estimate significantly favors NT, and delta is exclud-
ed), 21 trials were consort B (point estimate non-significantly
favors NT, delta is excluded), 19 trials were consort C (point
estimate non-significantly favors old, but “noninferior”), 12
were consort F (point estimate non-significantly favors old,
but “inconclusive”), 4 were consort G (point estimate signif-
icantly favors old, but “inconclusive”), and 2 were consort H
(point estimate significantly favors old).

Mean absolute risk reduction for trials utilizing mortality as
an endpoint was 0.1% [95% CI (— 0.3%, 0.4%)], where neg-
ative risk reduction favors the new intervention, and was
similar to trials not utilizing mortality as an endpoint (p =
0.96) (Table 2). In our dataset, 12 studies had a non-
significantly higher mortality, with an “inconclusive” nonin-
feriority conclusion (consort F). 23733 38 Additionally, four
analyses showed statistically significantly greater mortality
in the new treatment arm, while meeting consort criteria as
“inconclusive” (consort G),>*>¢ and 13 trials utilizing mor-
tality as an endpoint (either alone or in composite) had an

absolute increase of > 3%, while 6 had an absolute increase
of >5%.

DISCUSSION

Noninferiority trials are important but must be undertaken with
a clear understanding of their strengths and limitations. We
previously demonstrated that the structure of noninferiority
trials could create bias favoring the new treatment.” ** Trials
that utilize mortality as an outcome have an additional ethical
obligation to carefully define what constitutes a “clinically
insignificant” difference. Otherwise, they may result in conclu-
sions which are counter to ethical reasoning (increased mortality
but noninferiority). This is because the logic of noninferiority
requires us to establish a threshold (noninferiority margin)
below which any difference would be “clinically insignificant.”
Such a threshold is difficult to establish when mortality is part of
the outcome. If; in fact, one of the proper ends of medicine is
fostering the health and well-being of each individual patient,
then a lack of meaningful acknowledgement of any difference

Table 2 Trials Utilizing Mortality as an Endpoint Whose Point Estimate Favor the Active Control. Negative Risk Reduction Favors the New

Intervention. Delta is Reported as Absolute Risk Reduction

Author Endpoint Delta (%) ARR (95% CI) Consort class
Schulman® Recurrent or fatal VTE 2.8 0.5(—0.3t01.5) C
Motzer’ Progression-free survival 14.5 2.0(-39t07.7) C
von Blrﬁelen Target vessel failure (includes death) 3.6 0.9 (-1.2 to 3.0) C
Pllgrlm Death, M1, revascularization 3.5 0.14 (2.2 t0 2.0) C
Biiller'? Symptomatic recurrent VTE (includes death) 1.8 0.2 (—0.5to 1.0) C
Raungaardl Death, M1, or revascularization 2.5 0.25(-1.3 to 1.8) C
Feres NACCE (includes death, myocardial infarction, 2.7 0.2 (—1.5t0 1.8) C
stroke, or major bleeding)
Jacobs!® MACE (includes death, myocardial infarction, 4.7 0.09 (—2.1 to 2.3) C
revascularization, and stroke)
Ellis'® Cardiac death, target-vessel myocardial infarction, 4.5 1.7 (0.6 to 4.0) C
or ischemia-driven target-lesion revascularization
Smits!’ Death, MI, revascularization 4.0 0.36 (—1.4to0 2.1) C
Pritchard-Jones'® Event-free survival at 2 years after diagnosis 10.0 4.1 (=0.7 to 8.9) C
Rosenﬁeld19 Death, stroke, or MI 3.0 04 (—121t02.6) C
Crook?° Survival 8.0 2.1 (=3.0t07.2) C
Ardrehah21 30-day patient/graft survival 10.0 2.8(—431t09.9) C
Stone?” Death, stroke, MI at 3 years 4.0 0.7 (—2.5t03.9) C
Merle?? Treatment failure, recurrence, or death or study 6.0 3.8 (=04 to 8.0) F
dropout during treatment
Christiansen* Death, M1, stent thrombosis, revascularization 2.0 0.92 (—0.6 to 2.3) F
Paton “Good HIV control” (see text, included survival) 10.0 44 (—23t0 11.0) F
Kirchhhof>® Time to persistent atrial fibrillation or death 12.0 6.8 (—1.6 to 15.3) F
Johnson?’ 3-year progression free survival 5.0 1.4 (=3.1 to 6.0) F
Radford*® Progression-free survival 7.0 3.8(-191t09.3) F
Park® Death, M1, revascularization 4.0 3.1 (0.8 t0 6.9) F
Anderson®® Death or disability at 90 days 33 2.1 (=13 to 5.5) F
Bousse Fatal or non-fatal ischemic stroke, fatal or non-fatal 0.55 0.29 (=0.6 to 1.1) F
myocardial infarction, or other vascular death
Paul* MRSA infections treatment failure at day 7 15 10.4 (- 1.1 to 21.9) F
including death
Hussain®*® Survival 11.6 4.5 (03 t0 9.4) F
Behrmger3 (analysis #1) Freedom from treatment failure 6.0 11.8 (6.0 to 17.6) G
Behrmger3 (analysis #2) Freedom from treatment failure 6.0 4.0 (0.7 to 7.3) G
Kaul® Cardiac death, target-vessel myocardial infarction, 4.0 2.7 (0.78 to 4.5) G
or ischemia-driven target-vessel revascularization
Bwakura-Dangaremblzl Hospitalization or death 3.0 6.0 (0.9 to 11.2) G
Behringer™* (Analysis #3) Freedom from treatment failure 6.0 15.7 (9.1 to 22.4) H
Jindani “Unfavorable response” (see text) 6.0 13.3 (6.5 to 20.0) H

HIV human immunodeficiency virus, MI myocardial infarction, MRSA methicillin-resistant Staphylococcus aureus, NACCE net adverse cardiac and
cerebral events, MACE major adverse cardiac event, VTE venous thromboembolism
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in mortality, even within the context of noninferiority, is ethi-
cally dubious and such findings should be a central consider-
ation in the discussion of these studies and how their results may
impact clinical practice.

Gladstone and Vach previously have described a method
they term the advantage deficit assessment (ADA)*® where the
loss of efficacy is explicitly compared to the secondary advan-
tage gained. Utilizing such a method (even conceptually), one
is forced to clarify what secondary advantage (ease of use,
reduced cost, etc.) would be necessary to justify a loss in
efficacy (in this case higher mortality). Such a cost-benefit
analysis is not new to medical decision-making, either in
research or clinical practice, and attempts have been made
previously to quantify such reasoning. For example, quality-
adjusted-life-years (QALYs) are one common conceptualiza-
tion used to compare the cost-effectiveness of treatments
(cost/QALY). While this form of analysis allows for ease of
comparison, it raises a litany of ethical concerns which have
been voiced elsewhere.*! An advantage deficit analysis can be
thought of in similar terms, where a secondary benefit is
considered “per life-year.” Formulating this kind of analysis
explicitly is extremely difficult and ethically fraught, and we
do not suggest it necessary to attempt to precisely calculate
such a metric. Nevertheless, it seems worthwhile, both for
researchers undertaking and clinician evaluating a study, to
consider what benefit might be required to justify an increase
in mortality. A proposed benefit may in fact be sufficiently
trivial that no increase in mortality may be justified. In such a
case, a noninferiority trial would be inappropriate.

Our findings demonstrate that the use of mortality as an
outcome in noninferiority trials is not rare (approximately one
third of our analyzed cohort), and scenarios where the new
treatment is statistically worse, but a conclusion of noninferi-
ority or inconclusivity do occur—i.e., consort G or H (6/67).
One simple solution to this dilemma would be to establish a
priori the accepted noninferiority margin with a carefully
reasoned explanation of why this particular value was chosen,
given the nature of the outcome (death). One would then
perform a two-step process whereby trials would be judged
first according to standard statistical reasoning (i.c., via a two-
sided alpha of < 0.05), and then, only if superiority or inferi-
ority is not established, formal noninferiority can be tested.
This approach appears to be what many authors undertake de
facto. Authors of the six consort G and H analyses uniformly
concluded the new treatment to be inferior. Such an approach
would not necessarily be exclusive to trials which utilize
mortality as an endpoint, and evidence exists that performing
both tests would not incur the “statistical penalty” normally
associated with multiple hypothesis testing.’

Our study has several limitations. We include only a limited
sample of noninferiority trials, albeit the ones from an impor-
tant set of journals (the five highest impact general medicine
publications). Nevertheless, the possibility of publication bias
exists given our limited sample and narrow journal selection,

and our sample may not reflect the overall rate in the use of
mortality as an endpoint in noninferiority trials. Future studies
should look to expand upon our analysis using a larger, more
inclusive, sample.

In addition, 11 trials in our cohort used mortality as a sole
primary endpoint with a prespecified delta as high as 11.6%;>>
the remainder of trials in our cohort included mortality as part
of a composite. In such cases, the contribution of death to the
overall outcome is often unclear and may in point-of-fact be
small. Such a scenario further complicates the ability to draw
useful conclusions as an increase in an unfavorable composite
endpoint may be driven largely but a “less important” com-
ponent (for example coronary revascularization in the case of
major adverse cardiac event). Such complexity requires that
readers consider each trial on case-by-case basis, but it may be
helpful to ask what increase in mortality might a researcher or
reader deem acceptable for the proposed benefit. Despite these
limitations, we feel our analysis adds a novel perspective on an
important and expanding group of trials.

CONCLUSION

Noninferiority trials are an important methodology in our
armamentarium of clinical investigations. They must however
be undertaken with full knowledge of their limitations—chief
among them is the fact that they ask the investigator to “trade”
some secondary benefit for efficacy. Such a trade may be
justified when the loss of efficacy can reasonably be viewed
as clinically insignificant. This however does not appear to be
the case when mortality is an endpoint of interest. Our data
show that a mortality endpoint is often used in noninferiority
trials, and that the seemingly contradictory scenario where a
new treatment is simultaneously inferior to (in terms of a
superiority test), but inconclusive, does occur. Given the dif-
ficulty in clearly defining a minimum clinically significant
threshold for mortality—the use of mortality as an endpoint
must be undertaken in noninferiority trials with caution. At the
very least, studies that include mortality must be careful in
selecting and defending what is an acceptable “clinically
insignificant” difference.
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