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 Abstract 
  Background.  Determining the non-inferiority margin is an essential step in the design and interpretation of non-inferiority 
trials, and this margin should be preferably justifi ed on clinical and statistical grounds.  Methods.  After a PubMed search 
for phase III trials in advanced breast cancer (BC) or non-small cell lung cancer (NSCLC) published between January 
1998 and December 2009 in 11 leading journals, non-inferiority trials were selected by manual search of the full papers. 
 Results.  Twenty-four of 195 trials had a primary non-inferiority hypothesis. When the two six-year study periods were com-
pared, there were time trends within BC and NSCLC, with most non-inferiority trials in BC reported in the fi rst six-year 
period, and vice-versa for NSCLC. The median sample size was larger for non-inferiority than superiority trials (p  �    0.01). 
The choice of a non-inferiority margin was reportedly justifi ed in only fi ve cases. Non-inferiority trials were more likely 
than superiority trials to yield positive results (p  �    0.001), as were trials in breast cancer (p  �    0.02).  Conclusions.  Non-
inferiority margins for cancer trials appear to be chosen mostly on historical grounds. Since nearly three-quarters of non-
inferiority trials achieve their primary objective, the extent to which the choice of margins has infl uence on trial results 
remains to be determined.   

 Randomized studies, especially phase III trials, are 
the gold standard approach for evaluating therapeu-
tic interventions in medicine. The goal of phase III 
trials is to compare two or more treatments in order 
to fi nd the one with greater utility in clinical practice. 
Utility may be refl ected by higher effi cacy or quality 
of life, lower toxicity, or greater convenience to the 
patient or health-care system. A trial with the pri-
mary objective of showing that the experimental arm 
is superior to a control arm is commonly termed a 
superiority trial. Although most phase III trials aim 
to demonstrate that an experimental treatment is 
superior to a control intervention, non-inferiority 
phase III trials assess whether a more convenient, 
less toxic or cheaper intervention is at least as 
effi cacious as an existing standard of care, given 
clinically accepted limits [1,2]. Such limits, termed 
non-inferiority margins, bear important implications 
on design, sample-size estimation, analysis, and 
clinical application of results of non-inferiority trials. 
In fact, it has been pointed out that  ‘ determining the 
non-inferiority margin is the single greatest challenge 

in the design, conduct, and interpretation of non-
inferiority trials ’  [3]. 

 Effi cacy determination in non-inferiority trials 
may involve both a statistical comparison of the 
study drug with a concurrent active control and his-
torical evidence that the active control is superior to 
placebo. Moreover, in non-inferiority trials con-
ducted in some medical fi elds, a placebo group as an 
internal control is desirable in order to assure what 
is termed assay sensitivity [4,5]. In oncology, direct 
comparisons with placebo or best supportive care 
(BSC) are not always feasible from an ethical 
standpoint; therefore, even historical data are often 
unavailable for indirect comparisons with placebo 
or BSC in the design of non-inferiority trials of 
novel cancer therapies [3,6,7]. As a result, adequate 
choice of the non-inferiority margin is critical to 
obtaining a meaningful answer in a non-inferiority 
cancer trial. According to the Consolidated Stan-
dards of Reporting Trials Group,  ‘ The margin of 
non-inferiority or equivalence should be specifi ed, 
and preferably justifi ed on clinical grounds ’  and  ‘ its 
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relation to the effect of the reference treatment rela-
tive to placebo in any previous trials should be noted ’  
[2]. Regulatory agencies in Europe and the US have 
issued guidance documents on the choice of the non-
inferiority margins, with details on key considerations 
driving the choice [7], and mathematical approaches 
to calculate a margin based on prior trials when 
possible [3]. 

 The objective of the current study was to assess 
the design features, especially with regard to the 
justifi cation for non-inferiority margins, of recent 
non-inferiority trials in the two tumor types with 
the largest number of phase III trials: breast cancer 
(BC) and non-small cell lung cancer (NSCLC).  

 Methods  

 Selection of trials 

 We have described our trial selection strategy in a 
previous study on advanced BC [8], and we applied 
the same strategy to NSCLC. In brief, we searched 
PubMed for articles reporting the effi cacy results of 
phase III trials on systemic antineoplastic treatments 
for advanced BC or advanced NSCLC published 
between January 1998 and December 2009 in 11 
leading medical journals ( Annals of Oncology ,  
Breast Cancer Research and Treatment ,  British Journal 
of Cancer ,  Cancer ,  Clinical Cancer Research ,  European 
Journal of Cancer ,  Journal of Clinical Oncology ,  
Journal of the National Cancer Institute ,  The   Lancet , 
 Lancet   Oncology , and  The New England Journal of 
Medicine ). We made no attempt to assess the quality 
of reporting, as done previously by other investiga-
tors, nor have we tried to control for publication 
bias. The aim of our study was to analyze the results 
of trials that are likely to infl uence clinical and 
statistical practice because of their publication in 
widely read journals. Of note, we excluded random-
ized phase II trials, studies on high-dose chemo-
therapy, papers reporting combined analyses of two 
or more separate trials, and studies only on correla-
tive biology or prognostic factors. Non-inferiority or 
equivalence trials were selected by manual search of 
the full paper of all eligible trials and analyzed in 
detail alongside superiority trials.   

 Abstraction of data and defi nitions used 

 For each trial, we abstracted data on its type (non-
inferiority vs. superiority), number of patients and 
arms, journal and year of publication, treatment 
line, primary endpoint, and trial positivity, as ascer-
tained by the original authors. Of note, some studies 
were termed equivalence trials, although most 
assessed non-inferiority (i.e. they had a one-sided 
hypothesis); we therefore analyzed non-inferiority 

and equivalence trials together. We analyzed the 
primary effi cacy endpoint for each trial following 
the authors ’  defi nitions in the papers. When not 
explicitly stated by the authors of the reports, we 
considered the primary endpoint as the one used for 
sample-size calculation or the fi rst endpoint cited in 
the  ‘ Methods ’  or  ‘ Results ’  section of each paper. 
We investigated the statistical aspects relating to 
sample-size calculation, including those related to 
the defi nition of non-inferiority margins. We consid-
ered that such margin was justifi ed when authors 
gave an explicit reason for their choice, regardless of 
whether specifi c methods or references were cited. 
Otherwise, we considered that the margin had not 
been justifi ed by authors. In a previous study on 
breast cancer [9] we have shown that progression-
free survival (PFS), time to tumor progression (TTP) 
and time to treatment failure (TTF) are often used 
interchangeably by investigators, notwithstanding 
their different defi nitions. For the sake of simplicity, 
therefore, we analyzed these three endpoints collec-
tively, and refer to them collectively as PFS.   

 Statistical analysis 

 We used the MedCalc software (Mariakerke, 
Belgium) for statistical analysis and computation of 
95% confi dence intervals (CIs). We performed 
exploratory analyses by comparing superiority and 
non-inferiority trials with regard to the number of 
patients using the Mann-Whitney test, and used 
the  χ  2 -test or Fisher ’ s exact test as appropriate to 
compare proportions.    

 Results  

 General features of trials 

 Our search retrieved 93 trials on BC and 102 on 
NSCLC (a list of such articles is available upon 
request). Twenty-four of these 195 trials (12.3%; 
95% CI 8.0 – 17.8%) had a primary non-inferiority 
hypothesis (12 in BC and 12 in NSCLC). There was 
no trend in the proportion of non-inferiority trials 
when the two six-year periods were compared (11.5% 
vs. 13.0%; p  �    0.83). However, there were opposing 
time trends within BC and NSCLC, with eight of 
12 non-inferiority trials in BC reported in the fi rst 
six-year period, and 10 of 12 NSCLC trials reported 
in the second. 

 The median number of patients per arm for non-
inferiority and superiority trials were 250 (range, 
80 – 835) and 160 (range, 34 – 846) patients, respec-
tively (p  �    0.01). The primary endpoint for non-
inferiority trials was overall survival (OS), PFS 
and response rate (RR) in 10, fi ve and nine cases, 
respectively, whereas the corresponding fi gures for 
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superiority trials were 75, 51 and 34 (in addition, 
quality of life was the primary endpoint in nine cases, 
and time to response or clinical benefi t rate in one 
case each among superiority trials). Table I summa-
rizes these and other selected features of the trials 
analyzed.   

 Non-inferiority margins 

 Table II displays selected features of the 24 non-
inferiority trials, all of which reported the non-
inferiority margin [references are available online at 
http://informahealthcare.com/10.3109/0284186X.
2012.702924]. Among trials with time-to-event end-
points (n  �    11), all used the lower limit of the 95% 
CI for the hazard ratio for the primary endpoint as 
the non-inferiority margin. For those 11 trials, 
the non-inferiority margin ranged from 0.75 to 0.86, 
with mean and median of 0.8. For 12 of the trials 
with a categorical endpoint (RR in nine cases and 
one-year OS in three), the non-inferiority margin 
corresponded to a lower limit of the 95% CI for 
the difference in proportion between groups, and 
this margin ranged from 10% to 25%, with mean of 
16% and median of 15%. In one trial with one-year 
OS as the primary endpoint, an equivalence limit 
of 2% was reportedly used. 

 The choice of a non-inferiority margin was justi-
fi ed in the publication for only fi ve of the 24 trials. 
In three of these cases, the margin was determined 
on the basis of previous direct comparisons between 
the control group used in the current trial and either 
placebo or active treatment, in both cases using 
the hazard ratio for OS. In the other two cases, the 
margin was determined on the basis of theoretical 
considerations regarding a maximum decrease in 
RR that would not be associated with decreased sur-
vival or to the risk of death that was deemed worth 
the toxicity associated with one of the treatments. 
For the other 19 trials, the non-inferiority margin 
was presented with no explicit clinical or statistical 
justifi cation for its choice.   

 Other statistical features of non-inferiority trials 

 The type I error rate, mentioned in 22 of 24 reports, 
ranged from 2.5% to 10%, with median and mode 
(n  �    14) of 5%. In 14 of 17 reports for which this 
information was available, one-sided type I error 
rates were used. On the other hand, a one-sided type 
I error rate of 2.5% or a two-sided type I error 
rate of 5% were reportedly used in only seven of 
17 trials with complete information. Power was 
reported in 21 papers, and ranged from 59% to 90%, 
with median and mode (n  �    15) of 80%. 

 In terms of patient accrual, 15 of 18 trials 
reporting the target number of patients to be accrued 
(and not exclusively the number of events to be 
observed) actually included at least that number of 
patients. For the other three trials, fi nal accrual 
ranged from 58% to 78% of target accrual. All 
24 trials described the population used for the pri-
mary analysis of non-inferiority. In 20 cases, the 
intent-to-treat (ITT) population was explicitly men-
tioned or the primary analysis was reportedly con-
ducted with all randomized patients. In one case, 
the primary analysis was conducted using both ITT 
and per-protocol (PP) populations, and, the PP or 
response-evaluable population was used in the 
remaining three trials.   

 Positivity of non-inferiority and superiority trials 

 We could ascertain whether the primary objective of 
demonstrating non-inferiority of the experimental 
regimen could be achieved in 22 of the 24 trials 
(Table II). For one trial with RR as the primary 
endpoint, the 95% CI for the difference in RRs was 
not reported, nor were claims of non-inferiority 
made. In a second trial with the aim of demonstrat-
ing equivalence in one-year OS between groups, 
results were only presented for a superiority test, 
which yielded a non-signifi cant result. Seventeen of 

  Table I. Summary features of non-inferiority and superiority trials.  

   Characteristic 

 N or value 

 p-value 

 Non-
inferiority 

trials (n  �    24) 

 Superiority 
trials 

(n  �    171) 

Journal of publication 0.32
Journal of Clinical 

Oncology
13 103

Annals of Oncology 5 20
British Journal of Cancer 0 13
Other journals ∗ 6 35

Patients per arm, median 
(range)

250   (80 – 835) 160   (34 – 846) 0.01

Treatment line 0.48
First only 15 122
First and others, 

including 
maintenance therapy

3 23

Others except fi rst, 
excluding 
maintenance therapy

6 26

Primary end point 0.16
Overall survival 10 75
Progression-free survival 5 51
Response rate 9 34
Others 0 11

     ∗ European Journal of Cancer (n  �    9), Breast Cancer Research and 
Treatment (n  �    7), Cancer (n  �    7), The New England Journal of 
Medicine (n  �    7), The Lancet (n  �    5), Journal of the National 
Cancer Institute (n  �    3), Lancet Oncology (n  �    3).   
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the 22 NI trials for which positivity could be ascer-
tained achieved their primary objective (nine in 
BC and eight in NSCLC). For two of the fi ve non-
inferiority trials that were negative for their primary 
objective, the absence of signifi cant treatment 
differences between groups was mentioned in the 
abstract of the paper. 

 We could ascertain trial positivity for the primary 
endpoint in all superiority trials (n  �    171), 60 of 
which were positive. Thus, non-inferiority trials 
were more likely than superiority trials to yield posi-
tive results (p  �    0.001). Tumor type was also a sig-
nifi cant predictor of trial positivity (48.9% in BC vs. 
26.4% in NSCLC; p  �    0.02), whereas number of 
patients per arm and study period were not associ-
ated with trial positivity (data not shown).    

 Discussion 

 In the current study, we found that nearly one in 
eight recent phase III trials in advanced BC and 
advanced NSCLC had a non-inferiority primary 
hypothesis, which was demonstrated in nearly 80% 
of cases. There appears to be a perceived notion 
that non-inferiority cancer trials are increasing in 
frequency, but if we found evidence of such trend 
in NSCLC, we observed the opposite trend in BC. 
More importantly, our work demonstrates that 
most trials use non-inferiority margins with no 
reported justifi cation for their choice. The frequent 
similarities in the margins used both across trials 
with time-to-event endpoints (typically, a lower limit 
of the 95% CI for the hazard ratio of 0.8) and those 
with categorical endpoints (a lower limit of the 95% 
CI for the difference between groups ranging from 
10% to 25%) suggest that such margins are based 
on tradition rather than on statistical calculations 
specifi c to each situation. Of note, the current study 
suggests that only a small fraction of non-inferiority 
trials in oncology use the frequently recommended 
one-sided type I error rate of 2.5% [1,3]. Few trials 
use the PP population as the primary analysis popu-
lation, which arguably leads to more conservative 
inference about non-inferiority, though this is a 
matter of debate [10,11]. Even though the median 
number of patients was signifi cantly higher in 
non-inferiority trials than in superiority trials, still 
higher sample sizes would be needed if most trials 
used one-sided type I error rates of 2.5% (rather than 
5%). Finally, our study demonstrates that non-
inferiority trials are more likely to yield positive 
results than superiority trials. This fi nding, per se, is 
of no major concern; however, we believe that the 
infl uence of non-inferiority margin width on trial 
results should be further investigated. 

 The most important limitation of the current 
study is publication bias, as we have only analyzed 
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[15 – 17]. In addition to this  ‘ effect retention method ’ , 
other techniques may be used for selecting the 
non-inferiority margin. However, there is no consen-
sus regarding which technique is superior. What is 
most important is that physicians participating in 
a trial, the larger community of physicians and 
patients, and regulatory agencies have a clear under-
standing of what should be a clinically relevant 
difference in a given clinical setting [18]. 

 A critical issue regarding non-inferiority trials
is the importance of seeing them through to planned 
completion. The key premise of these trials is that 
the difference in effi cacy between the treatments 
under comparison is suffi ciently small to permit 
use of the one that provides other benefi ts. The 
estimated effi cacy difference between treatments 
becomes more precise as information accumulates, 
and thus early stopping is rarely warranted or desir-
able in non-inferiority trials [18]. In the current 
study, we have found that most of the non-inferiority 
trials analyzed achieved their target accrual, although 
such feature could not be ascertained for the six 
trials in which the planned number of patients was 
not reported. 

 For superiority trials, the ITT population is 
considered the primary analysis population because 
it tends to avoid the over-optimistic estimates of 
effi cacy that may result from a PP population [19]. 
The withdrawal of patients after inclusion in the 
study may introduce bias towards the type I error, 
i.e. an exacerbation of differences between groups 
[20]. Thus, it may be of interest to conduct the 
primary analysis of non-inferiority trials in the PP 
population, as some authors have argued that this 
is a more conservative approach in these trials 
[2,10]. However, there is no consensus among stat-
isticians and researchers about the best population 
for primary analysis in non-inferiority trials, and it 
has been argued that both ITT and PP analyses 
should be conducted and reported [11,13,19,21]. 
Interestingly, only four trials analyzed herein reported 
primary analyses involving the PP population, 
whereas the vast majority gave precedence to the 
ITT population. 

 In summary, the current study suggests that 
non-inferiority margins for cancer trials are often 
chosen on historical grounds. Given the fact that 
most non-inferiority trials achieve their primary 
objective, the extent to which the choice of mar-
gins has infl uence on such results remains to be 
determined. 

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

papers on two tumor types published within a limited 
period of time in selected medical journals. By 
using this study design, we have not been able to 
ascertain whether non-inferiority trials on other 
tumor types, or if those that that remain unpublished 
or that have been published in other journals have 
different features from the sample of trials analyzed 
herein. However, BC and NSCLC are the two tumor 
types with the largest number of randomized trials, 
and the journals analyzed publish most of the trials 
that are likely to infl uence practice. Lange and 
Freitag have conducted a systematic review of 332 
non-inferiority and equivalence trials, 29 of which 
in oncology [12]. Notwithstanding the fact that no 
details particular to the oncology trials were pre-
sented in their broad review, the general fi ndings 
of their study suggested substantial variability on 
the choice of non-inferiority/equivalence margins. 
Moreover, ideal requirements concerning the choice 
of such margins were fulfi lled in only about 8% of 
all trials. 

 In the present study, 100% of the trials reported 
the non-inferiority margin, but with some justifi ca-
tion in only 20.8% of cases. Similarly, the non-
inferiority or equivalence margin was specifi ed in 
96.3% of 162 reports retrieved by French investiga-
tors through MEDLINE and the Cochrane Central 
Register of Controlled Trials and published in a 
two-year period, but a justifi cation for the margin 
was provided in only 20.4% of reports [13]. Like-
wise, the rate of positive results that we found is 
nearly the same as the one reported by Dutch inves-
tigators in a recent meta-analysis of non-inferiority 
trials conducted in various medical fi elds. The 170 
trials analyzed had been published in 121 core clini-
cal journals, and the experimental treatment was 
considered to be non-inferior in 74% of cases [14]. 
Given the similarities between the main results of our 
study in two important fi elds in medical oncology 
and the results from broader assessments [12 – 14], 
we believe our results allow for an overview of 
contemporary statistical practice regarding non-
inferiority trials in medical oncology. 

 The choice of the non-inferiority margin involves 
statistical and clinical reasoning, especially in oncol-
ogy. For medical fi elds and clinical settings for which 
a placebo control is appropriate, the choice of the 
non-inferiority margin aims at retaining some of the 
effect of active control over placebo. As a result, such 
choice may be done following a few possible rules, 
one of which is to defi ne the non-inferiority margin 
as 50% of the treatment effect when the active con-
trol was compared with placebo in a previous trial 
[1,3]. In fact, three of the fi ve non-inferiority trials 
with margin justifi cation reportedly used such 
method for determining the non-inferiority margin 
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