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ABSTRACT

Background: Noninferiority (NI) trials should help identify inter-
ventions that offer some benefit (eg, lower financial costs, more
tolerable, or less invasive) without sacrificing noticeable effective-
ness, and researchers should adhere to appropriate standards in the
conduct and reporting of methods. This study describes the char-
acteristics of a systematic sampling of NI studies from an updated
search of recent published oncology trials. Methods: We performed
a cross-sectional analysis of NI research published between 2014 and
2018 in the top 3 medical journals and top 3 oncology journals. We
estimated the percentage of NI trials in oncology that report in-
formative details of study, such as justification for conducting NI
trial, justification of NI margin, analysis population, and alpha
level. Results: There were 94 NI studies and 104 comparisons, and
59.6% (n562) of comparisons declared NI. The median NI margin of
comparisons reporting an odds or hazard ratio was 1.3 (1.05–3.2;
n564). Twenty-three percent (n522) of studies did not provide a
justification for conducting a NI study; 54.3% (n551) of studies did
not provide a justification of the margin they used in their study. Only
approximately 46% (n543) of comparisons used both an intention-to-
treat (ITT) and per-protocol (PP) analysis, and 37.3% (n535) of studies
used a one-sided alpha level of ..025. There is notable variation in
key elements of the conduct and reporting of NI trials, including the
NImargin, the alpha level, and the population analyzed. Furthermore,
a high number of studies do not provide justification for conducting a
NI study or the margin used for determining NI. Conclusions: These
results suggest that there is room for improvement in the reporting
and conduct of NI trials in oncology.
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Background
Noninferiority (NI) trials are being conducted more
frequently, and oncology is numerically 1 of the top
3 medical disciplines for published NI trials.1 These trials
can help to establish treatment options that are less ex-
pensive, less invasive, or more tolerable, but they do not
show that an intervention is superior in terms of efficacy.
In fact, sometimes tested interventions are less effective
than a comparator (inferior) but are still considered
noninferior if they are no worse than a prespecified
margin. With this in mind, researchers, physicians, and
patients are left to balance an acceptable loss in efficacy
for alternative advantages, such as financial, physical, or
ease of administration.2

To determine NI, trials should use predetermined
and acceptable NImargins, provide rigorous rationale on
the use of intention-to-treat (ITT) and/or per-protocol
(PP) populations, use an acceptable sample size and a
valid comparator arm, and have a predetermined and
valid reason for conducting such a study.3,4 Bias in these
types of studies can have notable influence in the in-
terpretation of results because it can often lead to no
difference, but whether the lack of difference is because
there truly is no difference or because bias has mini-
mized the effect size is difficult to determine. For in-
stance, NI can easily be obtained if the control arm has
very poor adherence. In such a case, an experimental arm
may be practically compared with doing nothing. NI
studies in oncology have been anecdotally described,5,6

but in light of the increasing rate of publication in these
types of studies, we seek to describe the characteristics of
a systematic sampling of NI studies in oncology from an
updated search of recent published oncology trials.

Methods

Search Strategy
We searched all original research articles published be-
tween 2014 and 2018 in the top 3 medical journals (New
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England Journal of Medicine, The Lancet, JAMA) and top
3 oncology journals (The Lancet Oncology, Journal of
Clinical Oncology, JAMAOncology), whichwere identified
based on impact factor scores. This is similar to methods
used by other groups.7 We included only articles that
reported on studies that related to oncology, described
NI trials, reported on a single trial, and used a randomized
controlled trial design.

Data Abstraction
For each article, a set of data were abstracted, includ-
ing article title, malignancy type, line of treatment,
experimental and control arm treatments, type of in-
tervention (drug, testing, radiation, behavior, or sur-
gery), primary end point, phase of trial, randomized
sample size, margin, margin justification, justification
of NI design and whether the justification was inferred
or explicitly stated, actual absolute or relative differ-
ence, a level, type of population used in analysis (ITT
or PP), whether the NI margin was met, and study
funders. Point estimates of odds ratio (OR) or hazard
ratio (HR) margin that were ,1 were reported as the
inverse for comparison purposes. The margin justifi-
cation was recoded to none given, explanation given,
or value given but with no explanation of why that
value was used (combined with none given for anal-
ysis). The NI justification was recoded to convenience,
tolerability, expense, or none given. Whether the
NI margin was met was also categorized according
to the Consolidated Standards of Reporting Trials
(CONSORT) results for NI trials, using the originally
reported confidence intervals.8–10 In addition, for trials
in which the absolute risk difference between in-
tervention and control arms was zero and the results
were noninferior, the CONSORT category was coded as
2. When multiple interventions or multiple control
groups were analyzed, we treated them as separate
results. When multiple primary outcomes were ana-
lyzed, we used the first outcome mentioned in the
results. Alpha levels were transformed to an equivalent
one-sided a value. Funding source was recategorized as
pharmaceutical/industry, government/agency/nonprofit
organization, or pharmaceutical plus another type of
funding source. If the responses were not provided in
the main manuscript, we searched the protocol (if
available). We also checked all studies to see whether
the analysis population was the same in the protocol
and the actual study manuscript. All articles were
reviewed by 2 authors (Haslam and Gill).

Statistical Analysis
Descriptive statistics were calculated using R version
3.5.2 (R Foundation for Statistical Computing). Be-
cause some studies had multiple interventions and

multiple conclusions, depending on intervention type,
some data were calculated for the total number of
studies except for these variables, in which case data
were calculated for the number of comparisons: NI
margin, NI met, NI CONSORT, and intervention type.
To test for differences in variables between the dif-
ferent funding categories, chi-square tests were used
for categorical variables (Fisher exact test for small
samples) and analysis of variance was used for con-
tinuous variables. This analysis used publicly available,
nonidentifiable data and did not require Institutional
Review Board approval.

Results

All Included Studies
A total of 4,739 original articles were found in the
top 3 medical and oncology journals; of these, 100
studies used an NI design, but 6 were excluded be-
cause they either were nonrandomized, represented
pharmacokinetic studies, did not report NI results, or
were an analysis of multiple studies. Therefore, 94
studies met our inclusion criteria and were used for
the analysis on study characteristics. The total num-
ber of comparisons for NI metrics was 104 because
10 studies had multiple interventions/control groups
(Figure 1).

Of the oncology NI studies, 53.8% had a drug in-
tervention (n556) and 71.3% were of phase III trials
(n567; Table 1). Thirty-four percent of studies were
reported in the Journal of Clinical Oncology (n532)

Potential articles
(N=4,739)

Articles included in final analysis
(n=94)

Comparisons made
(n=104)

• Nonrandomized (n=1)
• Multiple trials (n=2)
• Pharmacokinetics (n=1)
• Noninferiority results not
   reported (n=2)

Excluded (n=6):

• Not noninferiority
   (n=4,636)

Excluded:

Noninferiority studies
(n=100)

Figure 1. Flowchart of article selection process for noninferiority
analysis.
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Table 1. Characteristics of Oncology NI Studies

Variable
Frequency

n (%)

Total, N 94

NI margin, median (range)

Ratio (OR or HR; n564) 1.03 (1.05–3.20)

Absolute difference (n56) 3.2 (0–5.0)

Percent difference (n533) 10.0 (2.5–15.0)

Z-score (n51) 1.96

Justification of margina

None given 51 (54.3)

Explicitly stated in publication 30 (31.9)

Provided in protocol 13 (13.8)

Justification of NI design

More tolerable 51 (54.2)

Not indicated 22 (23.4)

More convenient 11 (11.7)

More convenient and less costly 4 (4.3)

More convenient and more tolerable 1 (1.1)

Less costly 1 (1.1)

Provided in protocol (45more tolerable) 4 (4.3)

Alpha level (one-sided)

#.025 58 (61.7)

.050 28 (29.8)

.100 6 (6.4)

.048 1 (1.1)

Not indicated 1 (1.1)

Analysis population

ITT 39 (41.5)

ITT and PP 43 (45.7)

Not indicated 3 (3.2)

PP 6 (6.4)

Provided in protocol (2 studies used ITT
and 1 used both ITT and PP)

3 (3.2)

NI meta

Yes 62 (59.6)

No 42 (40.4)

NI CONSORTa

Noninferior (ARD.0) 29 (27.9)

Noninferior (ARD,0) 27 (26.0)

Inconclusive (ARD.0) 23 (22.1)

Inferior 14 (13.5)

Superior 7 (6.7)

Inconclusive (ARD,0) 4 (3.8)

(continued)

Table 1. Characteristics of Oncology NI Studies
(cont.)

Variable
Frequency

n (%)

Intervention typea

Drug 56 (53.8)

Radiation 21 (20.2)

Surgery 10 (9.6)

Testing 7 (6.7)

Behavior 4 (3.8)

Other, including a combination of 2 of the
above

6 (5.8)

Phase

III 67 (71.3)

II 2 (2.1)

II/III 1 (1.1)

Not indicated 24 (25.5)

Journal

Journal of Clinical Oncology 32 (34.0)

The Lancet Oncology 31 (33.0)

The Lancet 13 (13.8)

New England Journal of Medicine 10 (10.6)

JAMA Oncology 4 (4.3)

JAMA 4 (4.3)

Year of publication

2018 23 (24.5)

2017 20 (21.3)

2016 21 (22.3)

2015 14 (14.9)

2014 16 (17.0)

Sample size of NI studies, median (range) 687 (72–14,215)

Cancer type

Breast 25 (26.6)

Colorectal 10 (10.6)

General/Multiple 9 (9.6)

Lymphoma 8 (8.5)

Prostate 8 (8.5)

Hematologic 8 (8.5)

Cervical 4 (4.3)

Non–small cell lung 3 (3.2)

Brain 2 (2.1)

Hepatocellular 2 (2.1)

Head and neck 1 (1.1)

Other 14 (14.9)

(continued on next page)
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and 33.0% were reported in The Lancet Oncology
(n531). The cancers on which NI studies reported
most commonly were as follows: breast (26.6%; n525),
colorectal (10.6%; n510), and general/multiple (9.6%;
n59). A total of 54.3% of studies were funded by a
government or nonprofit agency (n551), whereas
44.6% were funded, fully or in part, by a pharmaceu-
tical company or industry (n542). Median sample size
was 687 (range, 72–14,215).

Overall, 59.6% (n562) of comparisons declared NI;
among industry-sponsored comparisons it was 70.4%
(n519), among comparisons that did not have industry
sponsorship it was 64.3% (n536), and among compari-
sons that had both industry and nonindustry sponsor-
ship it was 30% (n56). One trial met NI but did not report
funding.

Median NI margin of comparisons reporting an
OR or HR was 1.30 (range, 1.05–3.20; n564). For
comparisons reporting an absolute difference (n56),
the median margin was 3.2 points (range, 0–5.0). For
comparisons reporting a percent difference (n533),
the median was 10.0 (range, 2.5–15.0). One study used
a z-score (1.96).

Of the 72.4% of studies that provided a justification
for the NI design, 54.2% reported that the intervention
was more tolerable (n551). A total of 23.4% (n522) did
not provide a justification.

A total of 54.3% of studies (n551) did not provide a
justification for the margin they used in their study,
whereas 31.9% (n530) reported a clear justification in the
main manuscript, and 13.8% (n513) reported it in the
protocol.

Approximately 62% of studies used a one-sided a

level of #.025 (61.7%; n558), whereas 29.8% (n528)
used a one-sided a level of 0.05, 6.4% (n56) used a one-
sided a level of 0.1, and 1.1% (n51) did not report the a
level they used.

Approximately 42% of studies reported use of
an ITT analysis only (n539), whereas 45.7% (n543) of
comparisons used ITT and PP analyses, 6.4% (n56)
used PP analysis only, and 3.2% (n53) did not report
the type of population analysis. Of the studies that did
not report the type of analysis in the main manuscript,
3 had the analysis type indicated in the protocol
(2 specified ITT and 1 specified PP). Of the 44 studies
that reported the type of analysis in both the study and
the protocol, 13 study protocols specified doing both
ITT and PP but only reported results of either PP (n52)
or ITT (n511); 5 performed ITT and PP analyses when
the protocol specified only ITT and 1 performed PP
analysis when the protocol specified ITT.

The most common NI outcomes were as follows:
overall survival (17.0%; n516), progression-free survival
(17.0%; n516), and disease-free survival (11.7%; n511).

Drug Intervention Studies
For comparisons that used a drug intervention
(Table 2) and reported an OR or HR, the median ratio
was 1.23 for pharmaceutical/industry funding, 1.31
for nonpharmaceutical/nonindustry funding, and 1.25
for funding by pharmaceutical/industry plus another
organization. For studies using a drug intervention,
60.9% of those funded by pharmaceutical/industry,
29.4% funded by a nonpharmaceutical/nonindustry
source, and 25% funded by pharmaceutical/industry
plus another organization clearly indicated their margin
justification in the text or protocol (P5.06). A one-sided
alpha level of#.025 was used by 91.3% (n521) of studies
funded by pharmaceutical/industry, 64.7% (n511) of
those funded by nonpharmaceutical/nonindustry, and
50.0% (n56) of those funded by pharmaceutical plus
another organization (P5.03). Characteristics of on-
cology NI studies for other intervention types strati-
fied by funding source are presented in supplemental
eTables 1–3 (available with this article at JNCCN.org),
and a list of included studies is presented in supple-
mental eAppendix 1.

Discussion
In our sample of high-impact journals, we found that
althoughmost studies declared that NI wasmet (59.6%),

Table 1. Characteristics of Oncology NI Studies
(cont.)

Variable
Frequency

n (%)

NI outcome

OS 16 (17.0)

PFS 16 (17.0)

DFS 11 (11.7)

Local recurrence 8 (8.5)

QoL 7 (7.4)

CR 4 (4.3)

Skeletal-related events 4 (4.3)

EFS 4 (4.3)

Other 24 (25.5)

Funding source

Government/Agency/NPO 51 (54.3)

Pharmaceutical/Industry 24 (25.5)

Pharmaceutical plus another 18 (19.1)

Not indicated 1 (1.1)

Abbreviations: ARD, absolute risk difference; CR, complete response; DFS,
disease-free survival; EFS, event-free survival; HR, hazard ratio; ITT, intention-to-
treat; NI, noninferiority; NPO, nonprofit organization; OR, odds ratio; OS, overall
survival; PFS, progression-free survival; PP, per-protocol; QoL, quality of life.
aSample size was 104 because of multiple comparisons.
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23.4% of studies did not provide justification for per-
forming the NI study, and only 45.7% of studies provide
clear justification for the margin used in their analysis.
There is also a wide range of NI margins and a consid-
erable percentage of studies using a levels greater than
the standard .05 (2-sided), suggesting the arbitrary
and subjective nature of determining these values or

conducting these types of studies. Furthermore, only
approximately 46% of studies corroborate NI results in
both ITT and PP analysis. PP analysis is important for
NI trials because it adds an additional approach to
validate study results. In superiority trials, in which
patients cross over, ITT is the preferred popula-
tion to analyze because it provides a more conservative

Table 2. Characteristics of Oncology NI Studies Using Drug Intervention, Stratified by Funding Source
(2014–2018)

Pharmaceutical/
Industrya

n (%)

Nonpharmaceutical/
Nonindustrya

n (%)

Pharmaceutical/Industry
Plus Another Organizationa

n (%) P Valuea

Total,b N 23 17 12

Margin, median (range) c

Ratio (OR or HR; n539) 1.23 (1.05–1.50) 1.31 (1.12–1.72) 1.25 (1.08–1.39)

Absolute difference (n52) 0.0 (n51) 0.6 (n51) —

Percent difference (n514) 15 (10–15) 7 (4–10) 4 (n51)

Z-score (n51) 1.96 — —

Justification of margin in text or protocol 14 (60.9) 5 (29.4) 3 (25.0) .06

Justification of NI provided in text or protocol 14 (60.9) 13 (76.5) 8 (66.7) .56

Sample size of NI studies, median (range) 725 (207–14,215) 618 (109–6,088) 1,440.5 (284.0–8,381.0) .23 (ANOVA)

Alpha level (one-sided) .03

.050 2 (8.7) 5 (29.4) 3 (25.0)

.100 0 0 2 (16.7)

#.025 21 (91.3) 11 (64.7) 6 (50.0)

.048 0 0 1 (8.3)

Not indicated 0 1 (5.9) 0

Population analysis .02

ITT 9 (39.1) 4 (23.5) 8 (66.7)

ITT and PP 11 (47.8) 11 (64.7) 2 (16.7)

Not indicated 0 2 (11.8) 0

PP 3 (13.0) 0 2 (16.7)

NI met .07

Yes 17 (73.9) 11 (64.7) 4 (33.3)

NI outcome .16

OS 7 (30.4) 2 (11.8) 3 (25.0)

PFS 5 (21.7) 3 (17.6) 2 (16.7)

DFS 0 3 (17.6) 4 (33.3)

Local recurrence 0 0 1 (8.3)

QoL 1 (4.3) 0 0

CR 3 (13.0) 1 (5.9) 0

Skeletal-related events 2 (8.7) 1 (5.9) 1 (8.3)

EFS 0 4 (23.5) 0

Other 5 (21.7) 3 (17.6) 1 (8.3)

Abbreviations: CR, complete response; DFS, disease-free survival; EFS, event-free survival; HR, hazard ratio; NI, noninferiority; OR, odds ratio; OS, overall survival;
PFS, progression-free survival; PP, per-protocol; QoL, quality of life.
aAll tests use Fisher exact test, unless otherwise indicated.
bNumber of NI studies, not comparisons.
cTesting of differences not performed because of low numbers.
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estimate of the effect.11 However, this conservative esti-
mate increases the likelihood of NI being met. When both
ITT and PP analyses are used, one can be more confident
that the intervention is noninferior. Furthermore, analysis
with both ITT and PP has been suggested by several
authors and has been incorporated into several guidelines
on the conducting and reporting of NI trials.4,12

Our results are similar to other NI reviews that
have found a low reporting of margin justification in
both oncology studies and randomized controlled
trials in general.4,6 Median margins were also com-
parable to a previous study,5 but the margins in our
study had a very wide range, with 5 studies using an HR
margin.2.0. Under the classic method of determining
appropriate margin sizes for equivalence, response
rate is factored into the margin size, but generally,
margin size should be,20%.13 The median margin size
for studies using an HR was .20%, suggesting wide-
spread use of overly liberal margin sizes. These results
of high HR margins, in light of nearly 28% of studies
that met NI having a point estimate.1, are concerning
because they indicate that practitioners are willing to
take the risk of less efficacy and, in some cases, a rather
significant risk to achieve some other sort of benefit. In
the 5 studies with anHRmargin.2.0, no clear justification
was given for the margin chosen, but the justification for
conducting the NI study was that either less treatment was
given or there were fewer postoperative complications.

The high NI margins are especially concerning when
considering that themost commonoutcomeswere overall
and progression-free survival. Justifying less expense or
better convenience becomes much more difficult when
the trade-off is reduced survival or poorer health.

Even among studies that do report justification for
the margin used, the margin is sometimes uninformative
because of other biases in the study. For example, the
choice of what to use in the control arm of an NI trial
needs to be based on validated reasoning; otherwise, it is
difficult to determine whether both drugs were either
similarly effective or similarly ineffective.14 Use of con-
trols that are not validated or controls approved on prior
NI trials weakens the validity of the effectiveness of
future drugs that may be approved with these types of
studies because the combined difference in multiple
trials (ie, bio-creep) may be undesirably high.15

Our findings show a slightly higher prevalence of
oncology trials not reporting a justification for per-
forming an NI study compared with a previous report
(23% vs 17%).5 This prior study included trials that
were published between 2001 and 2011, whereas ours
were published between 2014 and 2018. Whether
this difference is due to study search methods and the
methodology of data extraction or fewer studies reporting
justification in more recent years is unknown. We did

see a higher percentage of NI studies not reporting
justification in 2017 than in 2014, but the percentage
was lowest in 2018.

Interestingly, for several of the reporting variables
we examined, studies funded by industry tended to do
better, possibly because it is common for these studies to
be written in part by professional industry-paid writers
who are familiar with elements of study reporting.16

Our study has several limitations. One is that the
results may not be generalizable to NI trials as a whole.
Oncology NI trials may be different from NI trials in other
medical disciplines, such as cardiology, partly because of
the more frequent use of composite outcomes in cardi-
ology, which include softer endpoints and affect the NI
margin required.17 Another limitation is that we only used
information reported in the study, and if authors did not
provide information or justification, even if there was
unreported justification, we may not have categorized
these studies correctly. The larger issue with this is that
certain elements of the methods are important for inter-
preting the context of the study’s results and are openly
recommended as key elements in the conducting and
reporting of studies.18,19 Another limitation is that publi-
cation bias may have influenced our findings. We limited
included articles to those published in the top 3 medical
and top 3 oncology journals, which, although reducing the
number of articles we analyzed, theoretically should have
resulted in higher-quality studies and, consequently, more
favorable outcomes. Finally, we do not know what the
journal editors and reviewers required for publication of
the NI trial, which may have influenced how data were
reported (eg, ITT or PP analysis). Our analysis is focused on
the reporting of the trial, but we did review the protocol
for information not provided in the main manuscript.

Conclusions
Among NI studies in oncology, our findings showed that
28.0% do not provide adequate justification for con-
ducting a NI study, and 68.1% do not provide adequate
justification for the NI margin. Most comparisons,
however, conclude that NI is met (59.6%). There is
variation in the margin used to determine NI and the
a level used in these types of analyses. These results suggest
that there is room for improvement in the reporting of
NI trials and in the conduct of these trials.
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eTable 1. Characteristics of NI Studies Using Surgical Intervention, Stratified by Funding Source

Nonpharmaceutical/Nonindustry
n (%)

Pharmaceutical/Industry
Plus Another Organization

n (%) P Valuea

Total, N 8 2

Margin, median (range) b

Ratio (OR or HR; n54) 1.40 (1.25–2.00) —

Absolute difference (n50) — —

Percent difference (n56) 11.5 (6.0–15.0) 6.1 (5.0–7.2)

Justification of margin in text or protocol 3 (37.5) 1 (50.0) 1.00

Justification of NI provided in text or protocol 7 (87.5) 2 (100.0) 1.00

Sample size of NI studies, median (range) 525 (340–4,806) 837.5 (631.0–1,044.0) .82 (ANOVA)

Alpha level (one-sided) 1.00

.050 4 (50.0) 1 (50.0)

.100 2 (25.0) 0

#.025 2 (25.0) 1 (50.0)

Population analysis 1.00

ITT 5 (62.5) 2 (100.0)

ITT and PP 3 (37.5) 0

NI met

Yes 5 (62.5) 1 (50.0) 1.00

Abbreviations: HR, hazard ratio; ITT, intention to treat; NI, noninferiority; OR, odds ratio; PP, per protocol.
aAll tests use Fisher exact test, unless otherwise indicated.
bTesting of differences not performed because of low numbers.
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eTable 2. Characteristics of NI Studies Using Radiation Intervention, Stratified by Funding Source

Nonpharmaceutical/Nonindustry
n (%)

Pharmaceutical/Industry
Plus Another Organization

n (%)
Not Indicated

n (%) P Valuea

Total, N 16 1 1

Margin, median (range) b

Ratio (OR or HR; n513) — 1.38 (1.11–2.50) 1.15 (n51)

Absolute difference (n50) — — —

Percent difference (n56) — 7.5 (1.5–10.0) —

Not indicated (n51) — — —

Justification of margin in manuscript or protocol 7 (43.8) 0 1 (100.0) .71

Justification of NI provided in text or protocol 16 (100.0) 1 (100.0) 1 (100.0) NA

Sample size of NI studies, median (range) 830 (98–3,451) 320 (NA) 203 (NA) .52 (ANOVA)

Alpha level (one-sided) 64

.050 10 (62.5) 0 1 (100.0)

.100 1 (6.2) 0 0

#.025 5 (31.2) 1 (100.0) 0

Population analysis 1.00

ITT 9 (56.2) 1 (100.0) 1 (100.0)

ITT and PP 7 (43.8) 0 0

NI met .57

Yes 11 (68.8) 0 1 (100.0)

Abbreviations: ANOVA, analysis of variance; HR, hazard ratio; ITT, intention to treat; NA, not applicable; NI, noninferiority; OR, odds ratio; PP, per protocol.
aAll tests use Fisher exact test, unless otherwise indicated.
bTesting of differences not performed because of low numbers.
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eTable 3. Characteristics of NI Studies Using Othera Interventions, Stratified by Funding Source

Pharmaceutical/Industry
n (%)

Nonpharmaceutical/
Nonindustry

n (%)

Pharmaceutical/Industry
Plus Another Organization

n (%) P Valueb

Total, N 1 10 3

Margin, median (range) c

Ratio (OR or HR; n57) — 1.18 (1.15–1.25) 2.65 (2.10–3.20)

Absolute difference (n54) — 4 (2.5–5.0) —

Percent difference (n56) 5.0 (n51) 12.5 (5.0–15.0) 6 (n51)

Not indicated (n51)

Justification of margin in manuscript or protocol 1 (100.0) 8 (80) 0 .03

Justification of NI provided in text or protocol 0 7 (70.0) 3 (100.0) .16

Sample size of NI studies, median (range) 180 (NA) 525.5 (72–1,024) 1,137 (1,013–1,950) .02 (ANOVA)

Alpha level (one-sided) 1.00

.050 0 2 (20.0) 0

.100 0 1 (10.0) 0

#.025 1 (100.0) 5 (50.0) 3 (100.0)

Population analysis .61

ITT 0 2 (20.0) 0

ITT and PP 1 (100.0) 7 (70.0) 2 (66.7)

PP 0 0 1 (33.3)

Not indicated 0 1 (10.0) 0

NI met

Yes 1 (100.0) 8 (80.0) 1 (20.0) .43

Abbreviations: HR, hazard ratio; ITT, intention to treat; NA, not applicable; NI, noninferiority; OR, odds ratio; PP, per protocol.
aIncludes behavior, testing, device, treated blood products, or a combination of intervention types (drug, behavior, surgery).
bAll tests use Fisher exact test, unless otherwise indicated.
cTesting of differences not performed because of low numbers.
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eAppendix 1. Oncology Noninferiority Studies Included in Analysis

Journal Year of Publication Article Title Author

NEJM 2018 Minimally invasive versus abdominal radical hysterectomy for cervical cancer Ramirez et al

NEJM 2018 Sunitinib alone or after nephrectomy in metastatic renal-cell carcinoma Mejean et al

NEJM 2018 Adjuvant chemotherapy guided by a 21-gene expression assay in breast cancer Sparano et al

NEJM 2018 MRI-targeted or standard biopsy for prostate-cancer diagnosis Kasivisvanathan et al

NEJM 2018 Edoxaban for the treatment of cancer-associated venous thromboembolism Raskob et al

NEJM 2016 Adapted treatment guided by interim PET-CT scan in advanced Hodgkin’s lymphoma Johnson et al

NEJM 2016 PET-CT surveillance versus neck dissection in advanced head and neck cancer Mehanna et al

NEJM 2016 Results of a trial of PET-directed therapy for early-stage Hodgkin’s lymphoma Radford et al

NEJM 2015 A randomized trial of laparoscopic versus open surgery for rectal cancer Bonjer et al

NEJM 2015 A 9-valent HPV vaccine against infection and intraepithelial neoplasia in women Joura et al

The Lancet 2018 Robot-assisted radical cystectomy versus open radical cystectomy in patients with
bladder cancer (RAZOR): an open-label, randomised, phase 3, non-inferiority trial

Parekh et al

The Lancet 2018 Lenvatinib versus sorafenib in first-line treatment of patients with unresectable
hepatocellular carcinoma: a randomised phase 3 non-inferiority trial

Kudo et al

The Lancet 2017 PET-guided treatment in patients with advanced-stage Hodgkin’s lymphoma (HD18):
final results of an open-label, international, randomised phase 3 trial by the German
Hodgkin Study Group

Borchmann et al

The Lancet 2017 Partial-breast radiotherapy after breast conservation surgery for patients with early
breast cancer (UK IMPORT LOW trial): 5-year results from a multicentre, randomised,
controlled, phase 3, non-inferiority trial

Coles et al

The Lancet 2017 Alectinib versus crizotinib in patients with ALK-positive non-small-cell lung cancer
(J-ALEX): an open-label, randomised phase 3 trial

Hida et al

The Lancet 2016 Dexamethasone and supportive care with or without whole brain radiotherapy in
treating patients with non-small cell lung cancer with brain metastases unsuitable for
resection or stereotactic radiotherapy (QUARTZ): results from a phase 3, non-
inferiority, randomised trial

Mulvenna et al

The Lancet 2016 Adjuvant chemotherapy of S-1 versus gemcitabine for resected pancreatic cancer: a
phase 3, open-label, randomised, non-inferiority trial (JASPAC 01)

Uesaka et al

The Lancet 2016 Anastrozole versus tamoxifen for the prevention of locoregional and contralateral
breast cancer in postmenopausal women with locally excised ductal carcinoma in situ
(IBIS-II DCIS): a double-blind, randomised controlled trial

Forbes et al

The Lancet 2016 5-year results of accelerated partial breast irradiation using sole interstitial
multicatheter brachytherapy versus whole-breast irradiation with boost after breast-
conserving surgery for low-risk invasive and in-situ carcinoma of the female breast: a
randomised, phase 3, non-inferiority trial

Strnad et al

The Lancet 2015 Omission of doxorubicin from the treatment of stage II–III, intermediate-risk Wilms’
tumour (SIOP WT 2001): an open-label, non-inferiority, randomised controlled trial

Pritchard-Jones

The Lancet 2015 Primary chemotherapy versus primary surgery for newly diagnosed advanced ovarian
cancer (CHORUS): an open-label, randomised, controlled, non-inferiority trial

Kehoe et al

The Lancet 2015 Omission of dacarbazine or bleomycin, or both, from the ABVD regimen in treatment
of early-stage favourable Hodgkin’s lymphoma (GHSG HD13): an open-label,
randomised, non-inferiority trial

Behringer et al

The Lancet 2014 Risk-adapted targeted intraoperative radiotherapy versus whole-breast radiotherapy
for breast cancer: 5-year results for local control and overall survival from the TARGIT: a
randomised trial

Vaidya et al

JAMA 2017 Effect of longer-interval vs standard dosing of zoledronic acid on skeletal events in
patients with bone metastases: a randomized clinical trial

Himelstein et al

JAMA 2017 Effect of axillary dissection vs no axillary dissection on 10-year overall survival among
women with invasive breast cancer and sentinel node metastasis: the ACOSOG Z0011
(Alliance) randomized clinical trial

Giuliano et al

JAMA 2015 Effect of laparoscopic-assisted resection vs open resection of stage II or III rectal cancer
on pathologic outcomes: the ACOSOG Z6051 randomized clinical trial

Fleshman et al

JAMA 2015 Effect of laparoscopic-assisted resection vs open resection on pathological outcomes
in rectal cancer: the ALaCaRT randomized clinical trial

Stevenson et al
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eAppendix 1. Oncology Noninferiority Studies Included in Analysis (cont.)

Journal Year of Publication Article Title Author

JCO 2018 Three-year outcomes with hypofractionated versus conventionally fractionated whole-
breast irradiation: results of a randomized, noninferiority clinical trial

Shaitelman et al

JCO 2018 Effects of surgery with salvage stereotactic radiosurgery versus surgery with whole-
brain radiation therapy in patients with 1–4 brain metastases (JCOG0504): a phase III,
noninferiority, randomized controlled trial

Kayama et al

JCO 2018 FOLFOX or CAPOX in stage II to III colon cancer: efficacy results of the Italian Three or
Six Colon Adjuvant trial

Sobrero et al

JCO 2018 Prospective international randomized phase II study of low-dose abiraterone with food
versus standard dose abiraterone in castration-resistant prostate cancer

Szmulewitz et al

JCO 2018 Placebo-controlled, double-blinded phase III study comparing dexamethasone on day
1 with dexamethasone on days 1 to 3 with combined neurokinin-1 receptor antagonist
and palonosetron in high-emetogenic chemotherapy

Ito et al

JCO 2018 Reduced-intensity delayed intensification in standard-risk pediatric acute
lymphoblastic leukemia defined by undetectableminimal residual disease: results of an
international randomized trial (AIEOP-BFM ALL 2000)

Schrappe et al

JCO 2017 SIMPLIFY-1: a phase iii randomized trial of momelotinib versus ruxolitinib in janus
kinase inhibitor–naı̈ve patients with myelofibrosis

Mesa et al

JCO 2017 Phase III study comparing a reduced dose of cabazitaxel (20 mg/m2) and the currently
approved dose (25 mg/m2) in postdocetaxel patients with metastatic castration-
resistant prostate cancer—PROSELICA

Eisenberger et al

JCO 2017 Prospective randomized comparison of idarubicin and high-dose daunorubicin in
induction chemotherapy for newly diagnosed acute myeloid leukemia

Lee et al

JCO 2017 Anthracyclines in early breast cancer: the ABC trials—USOR 06-090, NSABP B-46-I/
USOR 07132, and NSABP B-49 (NRG Oncology)

Blum et al

JCO 2017 Tai Chi Chih comparedwith cognitive behavioral therapy for the treatment of insomnia
in survivors of breast cancer: a randomized, partially blinded, noninferiority trial

Irwin et al

JCO 2017 Randomized trial of a hypofractionated radiation regimen for the treatment of
localized prostate cancer

Catton et al

JCO 2017 Early positron emission tomography response–adapted treatment in stage I and II
Hodgkin lymphoma: final results of the randomized EORTC/LYSA/FIL H10 trial

Andre et al

JCO 2017 Fentanyl sublingual tablets versus subcutaneous morphine for the management of
severe cancer pain episodes in patients receiving opioid treatment: a double-blind,
randomized, noninferiority trial

Zecca et al

JCO 2017 Improved outcomes with retinoic acid and arsenic trioxide comparedwith retinoic acid
and chemotherapy in non–high-risk acute promyelocytic leukemia: final results of the
randomized Italian-German APL0406 trial

Platzbecker et al

JCO 2017 Randomized prospective biomarker trial of ERCC1 for comparing platinum and
nonplatinum therapy in advanced non–small-cell lung cancer: ERCC1 trial (ET)

Lee et al

JCO 2017 Trastuzumab emtansine with or without pertuzumab versus trastuzumab plus taxane
for human epidermal growth factor receptor 2–positive, advanced breast cancer:
primary results from the phase III MARIANNE study

Perez et al

JCO 2016 Randomized phase III study comparing gefitinib with erlotinib in patients with
previously treated advanced lung adenocarcinoma: WJOG 5108L

Urata et al

JCO 2016 Randomized noninferiority trial of telephone delivery of BRCA1/2 genetic counseling
compared with in-person counseling: 1-year follow-up

Kinney et al

JCO 2016 Randomized phase III noninferiority study comparing 2 radiotherapy fractionation
schedules in patients with low-risk prostate cancer

Lee et al

JCO 2016 A randomized, open-label, multicenter, phase iii study of epoetin alfa versus best
standard of care in anemic patients with metastatic breast cancer receiving standard
chemotherapy

Leyland-Jones et al

JCO 2016 Adjuvant lapatinib and trastuzumab for early human epidermal growth factor receptor
2–positive breast cancer: results from the randomized phase III adjuvant lapatinib and/
or trastuzumab treatment optimization trial

Piccart-Gebhart et al

JCO 2016 Radiotherapy with 4 Gy 3 5 versus 3 Gy 3 10 for metastatic epidural spinal cord
compression: final results of the SCORE-2 trial (ARO 2009/01)

Rades et al

JCO 2015 International atomic energy agency randomized phase III study of radiation therapy in
elderly and/or frail patients with newly diagnosed glioblastoma multiforme

Roa et al
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eAppendix 1. Oncology Noninferiority Studies Included in Analysis (cont.)

Journal Year of Publication Article Title Author

JCO 2015 Paclitaxel plus carboplatin versus paclitaxel plus cisplatin in metastatic or recurrent
cervical cancer: the open-label randomized phase III trial JCOG0505

Kitagawa et al

JCO 2015 Linifanib versus sorafenib in patients with advanced hepatocellular carcinoma: results
of a randomized phase III trial

Cainap et al

JCO 2014 Cyclophosphamide compared with ifosfamide in consolidation treatment of standard-
risk Ewing Sarcoma: results of the randomized noninferiority Euro-EWING99-R1 trial

Le Deley et al

JCO 2014 Comparison of doxorubicin and cyclophosphamide versus single-agent paclitaxel as
adjuvant therapy for breast cancer in women with 0 to 3 positive axillary nodes: CALGB
40101 (Alliance)

Shulman et al

JCO 2014 Omitting radiotherapy in early positron emission tomography–negative stage I/II
Hodgkin lymphoma is associated with an increased risk of early relapse: clinical results
of the preplanned interim analysis of the randomized EORTC/LYSA/FIL H10 trial

Raemaekers et al

JCO 2014 Phase III study comparing amrubicin plus cisplatin with irinotecan plus cisplatin in the
treatment of extensive-disease small-cell lung cancer: JCOG 0509

Satouchi et al

JCO 2014 Randomized noninferiority trial of telephone versus in-person genetic counseling for
hereditary breast and ovarian cancer

Schwartz et al

JCO 2014 Mindfulness-based stress reduction compared with cognitive behavioral therapy for
the treatment of insomnia comorbid with cancer: a randomized, partially blinded,
noninferiority trial

Garland et al

The Lancet Oncology 2018 Axillary dissection versus no axillary dissection in patients with breast cancer and
sentinel-node micrometastases (IBCSG 23-01): 10-year follow-up of a randomised,
controlled phase 3 trial

Galimberti et al

The Lancet Oncology 2018 Near-infrared fluorescence for detection of sentinel lymph nodes in women with
cervical and uterine cancers (FILM): a randomised, phase 3, multicentre, non-inferiority
trial

Frumovitz et al

The Lancet Oncology 2018 Oral arsenic plus retinoic acid versus intravenous arsenic plus retinoic acid for non-
high-risk acute promyelocytic leukaemia: a non-inferiority, randomised phase 3 trial

Zhu et al

The Lancet Oncology 2018 Efficacy and safety of ABP 980 compared with reference trastuzumab in women with
HER2-positive early breast cancer (LILAC study): a randomised, double-blind, phase 3
trial

von Minckwitz et al

The Lancet Oncology 2018 Modified XELIRI (capecitabine plus irinotecan) versus FOLFIRI (leucovorin, fluorouracil,
and irinotecan), both either with or without bevacizumab, as second-line therapy for
metastatic colorectal cancer (AXEPT): a multicentre, open-label, randomised, non-
inferiority, phase 3 trial

Xu et al

The Lancet Oncology 2018 Concurrent chemoradiotherapy with nedaplatin versus cisplatin in stage II–IVB
nasopharyngeal carcinoma: an open-label, non-inferiority, randomised phase 3 trial

Tang et al

The Lancet Oncology 2018 3 versus 6 months of adjuvant oxaliplatin-fluoropyrimidine combination therapy for
colorectal cancer (SCOT): an international, randomised, phase 3, non-inferiority trial

Iveson et al

The Lancet Oncology 2018 Denosumab versus zoledronic acid in bone disease treatment of newly diagnosed
multiple myeloma: an international, double-blind, double-dummy, randomised,
controlled, phase 3 study

Raje et al

The Lancet Oncology 2017 Accelerated versus standard epirubicin followed by cyclophosphamide, methotrexate,
and fluorouracil or capecitabine as adjuvant therapy for breast cancer in the
randomised UK TACT2 trial (CRUK/05/19): a multicentre, phase 3, open-label,
randomised, controlled trial

Cameron et al

The Lancet Oncology 2017 Optimal fractionation of preoperative radiotherapy and timing to surgery for rectal
cancer (Stockholm III): a multicentre, randomised, non-blinded, phase 3, non-inferiority
trial

Erlandsson et al

The Lancet Oncology 2016 Bevacizumab plus paclitaxel versus bevacizumab plus capecitabine as first-line
treatment for HER2-negative metastatic breast cancer (TURANDOT): primary
endpoint results of a randomised, open-label, non-inferiority, phase 3 trial

Zielinski et al

The Lancet Oncology 2016 Conventional versus hypofractionated high-dose intensity-modulated radiotherapy for
prostate cancer: 5-year outcomes of the randomised, non-inferiority, phase 3 CHHiP
trial

Dearnaley et al

The Lancet Oncology 2016 First-line chemoimmunotherapy with bendamustine and rituximab versus fludarabine,
cyclophosphamide, and rituximab in patients with advanced chronic lymphocytic
leukaemia (CLL10): an international, open-label, randomised, phase 3, non-inferiority
trial

Eichhorst et al

The Lancet Oncology 2016 Hypofractionated versus conventionally fractionated radiotherapy for patients with
prostate cancer (HYPRO): late toxicity results from a randomised, non-inferiority, phase
3 trial

Aluwini et al
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eAppendix 1. Oncology Noninferiority Studies Included in Analysis (cont.)

Journal Year of Publication Article Title Author

The Lancet Oncology 2016 Palonosetron versus ondansetron for prevention of chemotherapy-induced nausea
and vomiting in paediatric patients with cancer receiving moderately or highly
emetogenic chemotherapy: a randomised, phase 3, double-blind, double-dummy,
non-inferiority study

Kovacs et al

The Lancet Oncology 2016 Nab-paclitaxel versus solvent-based paclitaxel in neoadjuvant chemotherapy for early
breast cancer (GeparSepto—GBG 69): a randomised, phase 3 trial

Untch et al

The Lancet Oncology 2016 Bendamustine plus rituximab versus fludarabine plus rituximab for patients with
relapsed indolent and mantle-cell lymphomas: a multicentre, randomised, open-label,
non-inferiority phase 3 trial

Rummel et al

The Lancet Oncology 2016 Taxanes versus S-1 as the first-line chemotherapy for metastatic breast cancer (SELECT
BC): an open-label, non-inferiority, randomised phase 3 trial

Takashima et al

The Lancet Oncology 2015 Chemotherapy plus lenalidomide versus autologous transplantation, followed by
lenalidomide plus prednisone versus lenalidomide maintenance, in patients with
multiple myeloma: a randomised, multicentre, phase 3 trial

Francesca et al

The Lancet Oncology 2015 Maintenance strategies after first-line oxaliplatin plus fluoropyrimidine plus
bevacizumab for patients with metastatic colorectal cancer (AIO 0207): a randomised,
non-inferiority, open-label, phase 3 trial

Hegewisch-Becker

The Lancet Oncology 2015 Cisplatin plus gemcitabine versus paclitaxel plus gemcitabine as first-line therapy for
metastatic triple-negative breast cancer (CBCSG006): a randomised, open-label,
multicentre, phase 3 trial

Hu et al

The Lancet Oncology 2015 Hypofractionated versus conventionally fractionated radiotherapy for patients with
prostate cancer (HYPRO): acute toxicity results from a randomised non-inferiority
phase 3 trial

Aluwini et al

The Lancet Oncology 2014 Radiotherapy or surgery of the axilla after a positive sentinel node in breast cancer
(EORTC 10981-22023 AMAROS): a randomised, multicentre, open-label, phase 3 non-
inferiority trial

Donker et al

The Lancet Oncology 2014 Sequential paclitaxel followed by tegafur and uracil (UFT) or S-1 versus UFT or S-1
monotherapy as adjuvant chemotherapy for T4a/b gastric cancer (SAMIT): a phase 3
factorial randomised controlled trial

Tsuburaya et al

The Lancet Oncology 2014 Open versus laparoscopic surgery for mid-rectal or low-rectal cancer after neoadjuvant
chemoradiotherapy (COREAN trial): survival outcomes of an open-label, non-
inferiority, randomised controlled trial

Jeong et al

The Lancet Oncology 2014 Panitumumab versus cetuximab in patients with chemotherapy-refractory wild-
type KRASexon 2metastatic colorectal cancer (ASPECCT): a randomised, multicentre,
open-label, non-inferiority phase 3 study

Price et al

The Lancet Oncology 2014 4 Gy versus 24 Gy radiotherapy for patients with indolent lymphoma (FORT): a
randomised phase 3 non-inferiority trial

Hoskin et al

The Lancet Oncology 2014 Triage by methylation-marker testing versus cytology in women who test HPV-positive
on self-collected cervicovaginal specimens (PROHTECT-3): a randomised controlled
non-inferiority trial

Verhoef et al

The Lancet Oncology 2014 Single versus multiple fractions of repeat radiation for painful bone metastases: a
randomised, controlled, non-inferiority trial

Chow et al

The Lancet Oncology 2014 Surgical excision versus imiquimod 5% cream for nodular and superficial basal-cell
carcinoma (SINS): a multicentre, non-inferiority, randomised controlled trial

Bath-Hextall et al

The Lancet Oncology 2014 Oral ibandronic acid versus intravenous zoledronic acid in treatment of bone
metastases from breast cancer: a randomised, open label, non-inferiority phase 3 trial

Barrett-Lee

JAMA Oncology 2018 Effect of adjuvant trastuzumab for a duration of 9 weeks vs 1 year with concomitant
chemotherapy for early human epidermal growth factor receptor 2–positive breast
cancer: the SOLD randomized clinical trial

Joensuu et al

JAMA Oncology 2018 Comparison of the hemostatic efficacy of pathogen-reduced platelets vs untreated
platelets in patients with thrombocytopenia and malignant hematologic diseases: a
randomized clinical trial

Garban et al

JAMA Oncology 2017 Continued treatment effect of zoledronic acid dosing every 12 vs 4 weeks in women
with breast cancer metastatic to bone: the OPTIMIZE-2 randomized clinical trial

Hortobagyi et al

JAMA Oncology 2017 Effect of standard radiotherapy with cisplatin vs accelerated radiotherapy with
panitumumab in locoregionally advanced squamous cell head and neck carcinoma: a
randomized clinical trial

Siu et al

Abbreviations: NEJM, New England Journal of Medicine: JCO, Journal of Clinical Oncology.
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