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1General introduction 





Non-inferiority trials
Efficacy of new drug treatments is preferably tested by randomized placebo-controlled 

trials (the gold standard). When properly designed and conducted, these trials can 

substantiate both efficacy and safety of these new drugs [1, 2]. Nevertheless, these trials 

are not ethically acceptable in many conditions when the use of placebo deprives patients 

from a well-established drug treatment [3-8]. One of the main purposes of active-controlled 

trials, which are useful in these conditions, is to establish non-inferiority of a new drug to 

an active comparator (mostly the standard drug treatment), unless superiority is expected 

[3-8]. These trials are especially useful when researchers believe that the new drug has 

advantages in terms of for instance safety or usage over the active comparator. Non-

inferiority is demonstrated if the efficacy of the new drug is not inferior compared to 

the active comparator by more than an acceptable limit (i.e. the non-inferiority margin). 

The use of non-inferiority trials has increased over the last years (from no trials reported 

in PubMed before 2000 to over 2,000 in 2018). However, non-inferiority trials have an 

intrinsic weakness: the lack of a direct indicator of achieving assay sensitivity, i.e. the ability 

of a trial to distinguish an effective treatment from an ineffective one [3-16]. 

Assay sensitivity in non-inferiority trials  
Achieving assay sensitivity in clinical trials is conditional on having an optimal trial design 

and conduct [3-7, 9, 13]. However, considerations about assay sensitivity in trials that 

intend to show superiority are different to those that are designed for non-inferiority or 

equivalence purposes [3-7, 9, 13]. In the absence of assay sensitivity in superiority trials, 

there is a chance that the trial will fail to show superiority of the new drug to the comparator 

even if the former is actually superior to the placebo/active comparator. This might 

be for instance the case when the power of a study is too low; which could result in 

major consequences such as losing resources and the failure to approve an effective  

drug [3-7, 9, 13]. 

Assay sensitivity in a non-inferiority trial is achieved if the trial has the ability to distinguish 

a non-inferior drug from an inferior one with regard to the active comparator [3-7, 9, 13].  

The lack of assay sensitivity in these trials will increase the chance of demonstrating 

similarity between the test groups (thus incorrectly accepting non-inferiority) and 

consequently incorrectly accepting indirect prove of superiority compared to placebo 

[3-7, 9, 13]. Unlike superiority trials, non-inferiority trials do not have a direct indicator 

of assay sensitivity. However, its presence can be assumed based on certain external and 

internal factors. The external factors are the historical evidence of sensitivity to drug effects 

(HESDE) and the constancy assumption. HESDE means that the historical superiority trials 

of the active comparator (whether or not pooled in a meta-analysis) showed that the active 

comparator outperformed placebo. In the presence of HESDE, it can be assumed that 

the active comparator would have been superior to placebo if placebo had been included 

in the non-inferiority trial. The constancy assumption states that the effect of the active 



comparator in the non-inferiority trial was the same in the historical superiority trials. This 

requires a close resemblance of patient eligibility criteria and all features of the design and 

conduct of the non-inferiority trial to those of the historical trials of the active comparator. 

The internal factors are the optimal trial design and conduct. One way of having a direct 

indicator of achieving assay sensitivity in non-inferiority trials is the inclusion of a placebo  

arm [3-7, 9, 13]. The inclusion of a placebo arm in these trials would provide a direct 

indication of achieving assay sensitivity if non-inferiority of the test drug to the active 

comparator was demonstrated, and the superiority of both drugs to placebo was  

achieved [3-7, 9, 13]. However, the inclusion of placebo in these trials is uncommon (only 

6% of non-inferiority trials include a placebo arm) due to the unethical use of placebo in 

many conditions for which an approved standard drug treatment option is available [17]. 

Challenges in the design of non-inferiority trials
An optimal design of non-inferiority trials may provide high assurance of achieving assay 

sensitivity. However, achieving an optimal design in these trials is more difficult compared 

with superiority trials due to their reliance on external data (i.e. the design, patient 

selection, and the results of the historical trials of the active comparator) [3-7, 9, 13]. One 

of the most crucial and challenging aspect in designing these trials is defining the non-

inferiority margin [4-15]. The idea of setting a non-inferiority margin is to determine 

the fraction of the effect of the active comparator (established in its historical placebo-

controlled trials) that must be preserved by the new drug. This requires, as recommended 

by regulators, extensive statistical work to summarize the effect of the active comparator 

from the historical placebo-controlled trials followed by choosing the fraction of this effect 

that is clinically relevant and must be preserved by the new drug [4-15]. It is still largely 

unknown whether the recommendations of regulators to define the non-inferiority margin 

are being followed. This is due to the substantial under-reporting of the approaches of 

defining the non-inferiority margin in published non-inferiority trials [17-21]. Additionally, 

there is no consensus among regulators on the preferred method to define the non-

inferiority margin and whether the application of different methods lead to consistent 

conclusions of non-inferiority [4-15].

Use of real-world data to emulate non-inferiority 
trials through observational studies 
In a randomized trial, the randomization balances the measured and unmeasured 

confounders between treatment arms, which makes it the ideal study design to assess drug 

efficacy [23-28]. Nevertheless, controversies exist over their usefulness in assessing actual 

drug effectiveness in daily practice because randomized trials are often conducted under 

controlled conditions with strict eligibility criteria being applied [26, 27]. Alternatively, 

effects estimated from observational studies using electronic health care real-world data 

are intended to reflect those effects of drug effectiveness that are to be expected in 



daily practice [27-31]. However, besides the confounding by indication problem, most 

of the observational effectiveness and safety studies do not have the rigorous design of 

the randomized trials regarding the quality of exposure and outcome assessment, and 

completeness of patient data [27-32]. As an approach to determine the proper application 

of observational studies to address drug effectiveness, there have been investigations 

into whether efficacy results of clinical trials can be replicated in observational studies 

that are designed to emulate the strict design of clinical trials (including the essential 

statistical tools to adjust for bias) using real-world data [33-39]. For example, the U.S. Food 

and Drug Administration (FDA) is funding an observational study to emulate the results 

of 30 clinical trials to have more insight into the possible use of observational studies 

in regulatory decisions [39]. Nevertheless, the number of these observational emulation 

studies in general that are aimed to replicate the results of a non-inferiority trial is limited 

and none was designed to analyze non-inferiority. An observational study that emulates 

the strict design of a well-designed non-inferiority trial may provide more insight to our 

understanding of differences between the results of trials and observational studies other 

than those attributed to having different eligibility criteria (i.e. represent different patient 

populations). Additionally, this comparison may provide a chance to evaluate the factors 

that contribute to the differences in the results that may be inherent to non-inferiority 

observational studies (e.g., whether the non-inferiority margin used in the trial could also 

be used in the observational study). 

Knowledge gap
The previous sections show that there is a gap in the knowledge of designing non-inferiority 

trials and in the application of non-inferiority observational studies. The knowledge gap 

in the design of non-inferiority trials mainly concerns the approaches of defining the non-

inferiority margin, which requires a thorough investigation from methodological and 

regulatory perspectives. Additionally, a comprehensive assessment is also needed for 

the proper application of observational studies in assessing non-inferiority using real-

world data.

Thesis aims 
This thesis has the following aims:

 » To provide an overview of the methods used to define the non-inferiority margin  

 » To give insight into the regulatory challenges in designing non-inferiority trials 

 » To assess the potential for non-inferiority trial emulation using real-world data 



Thesis outline
This thesis consists of five chapters with the objective of assessing the methodological 

and regulatory challenges in the design of non-inferiority trials and non-inferiority 

observational studies. CHAPTER 2 addresses the choice of the non-inferiority margin 

from three perspectives: in CHAPTER 2.1, an assessment of the quality of reporting 

the approaches to define the margin in the published non-inferiority trials is presented 

with details of these approaches, in CHAPTER 2.2, the differences in three methods 

accepted by regulators to define the non-inferiority margin and their impact on 

the conclusion of non-inferiority are described, and CHAPTER 2.3 presents the impact of 

using a single margin or a single preserved fraction to analyze non-inferiority for an entire 

pharmacological class, an approach accepted by regulators, using statin non-inferiority 

trials as an example. CHAPTER 3 evaluates the challenges in designing non-inferiority 

trials from a regulatory perspective. The first part of this chapter (CHAPTER 3.1) provides 

an in-depth assessment of these challenges by looking at the regulatory dialogue between 

the European Medicines Agency (EMA) and pharmaceutical companies at the design 

stage of these trials in 2014 and 2015.  The second part (CHAPTER 3.2) considers whether 

pharmaceutical companies follow recommendations from the EMA about non-inferiority 

margins that are deemed suboptimal by the EMA and the impact of the follow-up on drug 

approval decisions in Europe. CHAPTER 4 focuses on the replication of the results of 

a randomized non-inferiority trial in a retrospective cohort study using an electronic primary 

health care database. Finally, CHAPTER 5 provides a general discussion and implications 

of the findings, the limitations of studies included in the thesis, and recommendations for 

future directions of research. 
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2.1

Abstract
Background
There is no consensus on the preferred method for defining the non-inferiority margin 

in non-inferiority trials, and previous studies showed that the rationale for its choice is 

often not reported. This study investigated how the non-inferiority margin is defined in 

the published literature, and whether its reporting has changed over time.

Methods
A systematic PubMed search was conducted for all published randomized, double-blind, 

non-inferiority trials from January 1, 1966, to February 6, 2015. The primary outcome was 

the number of margins that were defined by methods other than the historical evidence of 

the active comparator. This was evaluated for a time trend. We also assessed the under-

reporting of the methods of defining the margin  as a secondary outcome, and whether 

this changed over time. Both outcomes were analyzed using a Poisson log-linear model. 

Predictors for better reporting of the methods, and the use of the fixed-margin method 

(one of the historical evidence methods) were also analyzed using logistic regression.

Results
273 articles were included, which account for 273 non-inferiority margins. There was 

no statistical significant difference in the number of margins that were defined by other 

methods compared to those defined based on the historical evidence (ratio 2.17, 95%CI 

0.86 to 5.82, p=0.11), and this did not change over time. The number of margins for which 

methods were unreported was similar to those with reported methods (ratio 1.35, 95%CI 

0.76 to 2.43, p=0.31), with no change over time. The method of defining the margin was 

less often reported in journals with low-impact factors compared to journals with high-

impact factors (OR 0.20; 95%CI 0.10 to 0.37, p<0.0001). The publication of the FDA draft 

guidance in 2010 was associated with increased reporting of the fixed-margin method 

(after versus before 2010) (OR 3.54; 95%CI 1.12 to 13.35, p=0.04).

Conclusions
Non-inferiority margins are not commonly defined based on the historical evidence of 

the active comparator, and they are poorly reported. Authors, reviewers, and editors need 

to take notice of reporting this critical information to allow for better judgment of non-

inferiority trials.
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2.1

Background
Non-inferiority trials are a relatively new design of randomized clinical trials, which are 

increasingly being published [1]. Non-inferiority trials are conducted to investigate whether 

the efficacy of a novel (test) drug is not worse than that of an active comparator according 

to a pre-defined non-inferiority margin [2-4]. 

There is no consensus on the preferred method for defining the non-inferiority margin. 

Regulatory guidelines recommend defining the margin based on a comprehensive 

review of the historical evidence of the efficacy of the active comparator (mainly 

against placebo) [2, 5-7]. Only the U.S. Food and Drug Administration (FDA) draft 

guideline recommends explicit methods on how to define the margin based on clinical 

and statistical considerations [2]. Other regulatory guidelines provide more general  

recommendations [5-7]. The impact of these guidelines in general, and the FDA draft 

guideline in particular, on the choice of non-inferiority margin is unknown. Most of 

the previous reviews on the methodological quality of published non-inferiority trials did 

not provide data on whether, and how, the historical evidence of the active comparator 

was used to define the margin [8-12].

The extension of the Consolidated Standards of Reporting Trials (CONSORT) Statement 

for reporting non-inferiority and equivalence randomized trials was published in 2006 to 

improve the quality of reporting non-inferiority and equivalence trials [13, 14]. This extension 

recommends that the margin and how it relates to the effect of the active comparator in 

any placebo-controlled trial should be noted. Three systematic reviews on non-inferiority 

trials found no significant impact of this statement on reporting the rationale for the choice 

of the margin in a before-after comparison [9, 10, 12]. None of these reviews provide 

details about the endorsement of the CONSORT Statement, and whether the reporting of 

the rationale for the choice of the margin was different in CONSORT-endorsing journals 

versus non-CONSORT-endorsing journals. 

The aim of this systematic review was to identify the methods that are being 

used to define the non-inferiority margin in the published non-inferiority trials, and 

whether the margin is defined based on methods other than the historical evidence of  

the active comparator. 

Methods
Study selection and search strategy 
A systematic PubMed search was conducted for all published randomized, double-blind, 

non-inferiority trials. The search included the period January 1, 1966, to February 6, 2015, 

using (Noninferiority [Title/Abstract] AND double blind study [Mesh Terms]) as search items, 

and it was restricted to randomized controlled trial, humans, and English publications. We 

targeted non-inferiority trials that could potentially have had an impact on drug regulatory 

decisions. Therefore, we excluded the following studies: phase I studies, pharmacodynamic 

studies, pharmacokinetic studies, bioequivalence studies, open-label and single-blind 
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2.1

studies, studies with a non-pharmacological intervention as the experimental treatment, 

subgroup analysis, post-hoc analysis, secondary analysis, extension studies of previously 

published studies, and published protocols. 

Methods of defining the non-inferiority margin 
The non-inferiority margin is used to assess whether the test drug will preserve what is 

considered a clinically significant fraction of the effect of the active comparator. To that 

aim, historical evidence on the active comparator from (a meta-analysis of) placebo-

controlled (and/or active controlled trials) is used [2, 15-17]. The point-estimate and 

the fixed-margin methods are methods of analyzing non-inferiority where the margin 

is defined based either on the effect estimate from the historical evidence or the limit 

of the confidence interval of the effect estimate that is the closest to the null effect. In 

the point-estimate method, the fraction of the effect estimate that is considered clinically 

significant is determined based on clinical judgement [15]. This fraction is then called 

the preserved fraction. The margin represents the remaining fraction of the point estimate 

of the active comparator that stakeholders are willing to lose at a cost of gaining other 

advantages that are claimed to be offered by the test drug (such as advantages in terms 

of safety or administration) [2,15-18]. 

In the point-estimate method, the margin is defined based on the effect estimate, 

which does not capture the variance of the effect estimates of the active comparator from 

the past trials, and may not reflect the placebo-controlled effect of the active comparator 

that is expected to be present in the non-inferiority trial if a placebo arm were included 

[2, 15, 16]. This may lead to an estimation of a margin that is either too lenient or too 

strict. On the other hand, the fixed-margin method, the method that is recommended by 

the FDA, takes this into account by defining the margin based on the smallest effect size 

of the active comparator from the past trials (as expressed by the confidence limit that is 

closest to the null effect) [2, 15, 16].  

The margin that was defined based on the pooled effect estimate in the point-estimate 

method can be used in another method of analysis of non-inferiority trials which is called 

the synthesis method. The difference between the point-estimate method and the synthesis 

method is that in the latter the variance of the effect estimates of the active comparator is 

incorporated in the analysis of non-inferiority (not in setting the margin) [2, 15, 16]. 

For this review, if the margin was not defined according to one of the aforementioned 

methods, the method that was used to define the margin was classified as “other 

methods”. A further sub-classification of other methods was provided based on the type 

of general justification that was stated in each article for defining the margin. The method 

was considered “not reported” when the method of defining the margin was not stated 

in the article. 
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2.1

Data extraction and assessment
The search in PubMed and the screening of each title and abstract was conducted by 

T.A. to identify eligible studies. Based on the full texts of eligible studies, the following 

were extracted from each article: 1) report characteristics: authors, the published journal, 

the date of publication, the number of trials in each article, the test and the active 

comparator, the indication, and the chosen outcome for analyzing non-inferiority; 2) 

information about the margin: the pre-defined non-inferiority margin(s), the choice 

and motivation of the margin, and the preserved fraction. A random sample of 10% of 

the total number of the included articles was also reviewed by A.dB., O.K., and R.G. 

to assess inter-observer reliability. Disagreement occurred in one article with regard to 

the type of the method that was used to define the margin (kappa=0.95). When available, 

the online supplementary materials of each article were checked. Additionally, the cited 

references were checked when the description of the choice of the margin was not clear. 

Discussions to reach consensus were held among the research team members to give 

a final classification of the method when the description of the choice of the margin was 

not clear in the original full text. 

The endorsement of the CONSORT Statement was checked in the “Instructions for 

Authors” section in each journal. When reporting non-inferiority trials, the original CONSORT 

Statement recommends reading the extension of the CONSORT Statement for non-inferiority 

and equivalence trials [13, 14, 19]. A journal was classified as CONSORT-endorsing journal 

if it endorses either the CONSORT Statement or the International Committee of Medical 

Journal Editors’ (ICMJE) Uniform Requirements for Manuscripts Submitted to Biomedical  

Journals [20]. 

We classified the journals into high- or low-impact journals based on the impact factor 

of each journal in the year of publishing the non-inferiority trial. The impact factor of 

each journal was collected from InCites™ Journal Citation Reports ® (JCR) [21]. Journals 

with an impact factor of 10 or more were classified as high impact journals. For journals 

that do not have impact factors in the year of publication of the non-inferiority trial, 

the classification was based on the impact factor of the preceding or the succeeding 

year depending on the availability of the impact factor. The impact factors of 2 journals, 

SKINmed Dermatology for the Clinician and the Infectious Diseases in Obstetrics and 

Gynecology, were not provided neither by JCR nor by their original websites. Thus they 

were considered as low impact journals.  

The impact of the FDA draft guidance on the use of the fixed-margin method, 

the recommended method by the FDA, was checked before and after the publication 

of this guidance in 2010 (articles that were published in and before 2010 compared to 

those published in 2011 and thereafter). The FDA draft guideline was chosen because 

it is the last published regulatory guideline, and it is the only one that provides explicit 

methods to define the margin. The adherence with the CONSORT Statement in reporting 

the rationale for the choice of the margin was analyzed in articles that were published in 
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and before 2006 compared to those published in 2007 and thereafter. The reporting of 

the rationale was also analyzed in CONSORT-endorsing versus non-CONSORT-endorsing 

journals, and in high- versus low-impact journals. 

Study outcomes
The primary outcome of the study was the number of margins that were defined by “other 

methods”. This number was compared to the number of margins that were defined by 

the historical evidence of the active comparator (ratio), and was assessed for a time trend. 

The secondary outcome was the number of margins with unreported methods, which was 

compared to the number of margins with reported methods (regardless of the method 

type), and evaluated for a time trend. The odds of not reporting the method of defining 

the margin (margins with unreported methods/margins with reported method) were 

assessed for three predictors: the publication of the extension of CONSORT-Statement in 

2006 (before versus after), the endorsement of the CONSORT Statement by the journals 

(endorsing versus non-endorsing), and the journals’ impact factor (high versus low). Finally, 

the odds of using the fixed-margin method to define the margin were assessed before 

versus after the publication of the 2010 FDA draft guidance.

The analyses were conducted based on the margin that was used to analyze the primary 

outcome in each trial (i.e. one margin per trial). If more than one margin was used in a trial, 

and it was not clear which margin was for the primary analysis, the one that was used 

for the sample size calculation was used. If both margins were used in the sample size 

calculation, the margin that was stated first was used. Even if the analysis of non-inferiority 

was a secondary outcome in a trial (i.e., superiority was the primary outcome), it was 

considered in this review. A sensitivity analysis was performed for all outcomes using all 

margins that were used in the included trials.

Statistical analysis 
A descriptive statistical summary was provided for the methods used to define the margin 

and for the preserved fractions. Poisson regression was used to test whether the number 

of margins that were defined based on other methods was different compared to 

the number of those defined based on the historical evidence of the active comparator,  

and whether the ratio of these numbers has changed over the years (the margins with 

unreported methods were excluded from this model). The change was determined by 

assessing the interaction between method and the year of publication. A separate Poisson 

model was also used to estimate the ratio of number of margins with unreported methods 

to the number of margins with reported methods (margins defined based on the historical 

evidence and other methods). The year of publication was added as an independent 

variable and the interaction with the method variable was assessed to determine whether 

the ratio changed over the years. The odds of not reporting the method for the three 

predictors, and the impact of the FDA draft guidance on the odds of using the fixed-

margin method were assessed using logistic regression.  
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A sensitivity analysis was performed using all margins that were identified in the included 

articles. A proportion of the included trials used more than one non-inferiority margin to 

analyze non-inferiority for one or more outcomes. The sensitivity analysis was conducted 

for the primary outcome using a Poisson model using all margins with reported methods. 

Nevertheless, the effect of clustering was ignored. Similarly, the clustering was ignored in 

the sensitivity analysis of the secondary outcome that was conducted using all identified 

margins. The sensitivity analyses of the 3 predictors and the use of the fixed-margin 

method using all reported margins were conducted using the generalized estimating 

equations with a logit link and an exchangeable correlation matrix. All statistical analyses 

were performed using IBM® SPSS® Statistics Version 23. 

Results 
Identification of articles in the systematic review 
The PubMed search yielded 350 abstracts. After screening these abstracts using our 

inclusion and exclusion criteria, the full-texts of 290 articles were retrieved and assessed 

for eligibility. The selection and exclusion processes are illustrated in a PRISMA flow 

diagram (Figure 1). The screened articles were published in the period from 2000 to 2015. 

A bibliography of the finally included articles in this review is provided as a supplementary 

material. We finally included 273 articles that account for 273 primary non-inferiority 

margins. Some articles reported a pooled non-inferiority analysis for 2 or more trials (we 

considered them as one trial). 37 trials (13.5%) used two or more margins to assess non-

inferiority for one or more outcomes; the total number of margins identified was 326. 

Primary and secondary outcomes 
Information about how the margin was defined was available for only 115 of 273 margins 

(42.1%). Among these 115 margins, the historical evidence of the active comparator 

was used to define 47 margins (40.1%), and 68 (59.9%) were defined by other methods  

(Table 1). The ratio of the number margins that were defined by the other methods 

compared to the number of margins that were defined by historical evidence of the active 

comparator (ratio 2.17, 95%CI 0.86 to 5.82, p=0.11) did not change over the years 

(i.e. no significant interaction between the method and the year variables) (Figure 2). 

The preserved fractions that were used in the historical evidence methods ranged from 

0% to 85% (Figure 3). 

The method was not reported for 158 of 273 margins (57.9%). The ratio of the number 

of margins with unreported methods (n=158) compared to the number of margins with 

reported methods (n=115) (ratio 1.35, 95%CI 0.76 to 2.43, p=0.31) did not change over 

time (i.e. no significant interaction between the reporting of the method and the year 

variables) (Figure 4). 

The results of the sensitivity analysis for the primary, secondary, and other outcomes 

were consistent with the results of the original analyses (Supplementary materials).
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Figure 1. Flow chart of the search and screening process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Records identified through PubMed 
search 

(n = 350) 

Records after duplicates removed 
(n = 348) 

Records screened 
(n = 348) 

Records excluded 
(n = 60) 

-Articles not about non-inferiority 
trials (n=3)  
-Phase I, pharmacodynamic, 
pharmacokinetic, bioequivalence 
studies (n=2) 
-Articles about studies with non-
pharmacological intervention as the 
experimental drug (n=25) 
-Subgroup, post-hoc, or secondary 
analysis, extension studies of 
previously published studies (n=7) 
-Open-label or single-blinded studies 
(n=14) 
-Published protocols (n=9) 
 

Full-text articles assessed 
for eligibility 

(n = 288) 

Full-text articles excluded  
(n = 15) 

-Articles not about non-inferiority 
trials (n=5) 
-Article about studies with non-
pharmacological intervention as the 
experimental drug (n=1) 
-Open-label or single-blinded 
studies (n=7) 
-Published protocol (n=1) 
-Article about a trial that published 
an interim analysis of an already 
included article in the review (n=1) 
 

Articles included in 
analysis 

(n = 273) 
 

Figure 1. Flow chart of the search and screening process. 

Predictors for reporting the methods of defining the non-inferiority 
margin 
The odds of not reporting the method of defining the margin after versus before 

the publication of the 2006 extension of the CONSORT Statement were comparable (OR 

1.08; 95%CI 0.61 to 1.91, p=0.80).  Also, the 214 (78.4%) margins reported in CONSORT-

endorsing journals and the 59 (21.6%) margins reported in non-CONSORT-endorsing 

journals did not differ regarding the under-reporting of the method (OR 0.77; 95%CI 0.42 

to 1.39, p=0.4). However, the method for defining the margin was less often reported in 

low-impact journals in comparison to high-impact journals (OR 0.20; 95%CI 0.10 to 0.37, 

p<0.0001). 
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Figure 2. The number of margins defined by other methods versus the historical evidence 

over time. 
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Figure 2. The number of margins defined by other methods versus the historical evidence over time.

The impact of the FDA draft guidance on the use of the fixed-margin 
method
Thirty four of 273 margins were defined based on the historical evidence of the active 

comparator using the effect estimate (33 were used to analyze non-inferiority by the point-

estimate method, and one by the synthesis method). Thirteen margins of 273 (4.8%) 

were defined based on the limit of the confidence interval that is the closest to the null-

effect (the fixed-margin method). The publication of the FDA draft guidance in 2010 was 

associated with increased reporting of the fixed-margin method (after versus before 2010) 

(OR 3.54; 95%CI 1.12 to 13.35, p=0.04). The use of this method increased from 4/163 

(2.5%) before to 9/110 (8.2%) after the publication of the guidance.

Discussion 
We have not found a trend of an increase in the use of the historical evidence to define 

the non-inferiority margin compared to other methods. Even though the number of 

margins that were defined by the fixed-margin method increased after the publication of 

the FDA draft guidance, the proportion of these margins is very small. We also observed 

that the rationale for the choice of the non-inferiority margin is often not reported without 

a trend of improvement.  As for predictors, only the publication in high impact journals was 

associated with a better reporting of the methods of defining the margin.  

The proportion of the margins in this systematic review that were defined based on 

historical evidence (17.2% of 273 trials) was larger than the proportion that was found by 

Lange and Freitag (8% of 314 trials)[19]. The latter review was the only review that provided 

details on how the data of the active comparator were exactly used to define the margin. 

Most of the other reviews reported whether the margin was defined based on “clinical 

or statistical considerations”, or whether it was defined based on “clinical and statistical 
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Figure 3. The range of preserved fractions used in the point-estimate method (Figure 

A) and in the fixed-margin method (Figure B).  

 

 
 

Figure 3. The range of preserved fractions used in the point-estimate method (Figure A) and the fixed-
margin method (Figure B) 

considerations or results of a previous study” [8-11]. We found a wide range of preserved 

fractions used (0% to 85%), with a median of 50%. This median preserved fraction is in 
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between the median preserved fractions found by Lange and Freitag (less than 50%) and 

by Wangge et al. (greater than 50%) [9, 22].

The rationale for the choice of the non-inferiority margin was not provided for more 

than half of the margins in this systematic review. This is consistent with the range of 

under-reporting of the rationale in previous reviews (54.3% to 84.7%) [8-12, 22, 23]. Our 

results are also comparable to the results of previous systematic reviews with regard to 

the insignificant impact of the extension of the CONSORT Statement on the reporting 

of the rationale for the choice of the margin so far.  Additionally, we found no difference 

in reporting the rationale between CONSORT-endorsing and non-CONSORT-endorsing 

journals. Nevertheless, the extension was published in 2006 and was updated in 2010, 

it may be too early for the extension to have a significant impact on reporting non-

inferiority trials in general, and on the rationale for the choice of the margin in particular. 

Indeed, the endorsement of the CONSORT Statement has improved the quality of 

reporting of randomized controlled trials [24]. For example, the results of a Cochrane 

review of 50 evaluation reports of more than 16,000 randomized controlled trials 

showed that the quality of reporting clinical trials was better in CONSORT-endorsing  

journals [24]. Finally, and in contrast to the results of the review by Wangge et al. where no 

difference was found in reporting the rationale between high- and low-impact journals [9], 

the publication in high-impact journals was associated with better reporting of the methods 

used to define the margin. 

Among the 115 margins with reported methods, 36.5% were defined based on expert 

opinion. This is in line with the range of margins that were defined by expert opinions in 

previous reviews (25% - 75%) [9, 11, 22, 23]. Our findings also highlight the issue of not 

providing enough details on the method that was used to define the margin. Nine margins 

were chosen because they were used in similar non-inferiority trials, and 5 were defined 

based on regulatory recommendations or guidelines. Moreover, 3 margins were defined 

Figure 4. The number of margins with unreported methods versus reported methods over time.

Figure 4. The number of margins with unreported methods versus reported methods over 

time.  
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based on literature reviews without showing the review process or the type of literature 

that was reviewed. 

Almost 60% of the margins identified in this review were used without reporting why and 

how they were selected. This may partially be due unfamiliarity with methods of defining 

the margin. This is supported by the review by Wangge et al. of the regulatory scientific 

advice on non-inferiority trials, which showed that 28% (98 of 354) of the questions and 

positions about non-inferiority trials that were sent by the pharmaceutical companies to 

the European Medicines Agency (EMA) were related to the margin [25]. Of the 86 responses 

to these questions, the EMA recommended stricter margin in 35 responses (41%) and 

questioned the justification of the margin in another 9 (10%) responses. Importantly, lack 

of clarity on how the margins were arrived at may lead to incorrect decisions made by 

regulators, health technology assessment organizations, and health care professionals, 

and ultimately suboptimal health care. 

Another contributing factor to the under reporting of the rationale is that editors 

and journals do not strictly request reporting the exact method that was used to define 

the margin. Only 2 (1.7%) of the 118 journals state clearly that authors must follow 

the extension of the CONSORT Statement for non-inferiority trials if they are submitting 

a non-inferiority trial. Editors must realize that they are accepting non-inferiority trials that 

have suboptimal or unclear outcomes because the results of these trials were analyzed 

based on unmotivated non-inferiority margins. Journals should not be accepting non-

inferiority trials without providing the rationale for the choice of the margin and should 

put a strong emphasis on following the extension of the CONSORT Statement itself when 

reporting non-inferiority trials.

In contrast to previous systematic reviews, our systematic review provides a detailed 

description of the methods being used to define non-inferiority margins, the impact of 

the FDA draft guidance on the use of the fixed-margin method, and the reporting of 

the rationale for the choice of the margin in CONSORT-endorsing and non-CONSORT-

endorsing journals. However, our study has several limitations. First, for 158 of the 273 

margins the method to define the margin was not reported. Therefore, we could only 

use 115 margins to evaluate for which percentage historical evidence was used to de fine 

the margin. The only predictor of reporting the method to define the non-inferiority margin 

was the impact factor (high versus low) of the journal in which the article was published. 

Under the assumption of missing data being missing at random (MAR), we also assessed 

the percentage of non-inferiority margins that are based on historical evidence stratified 

by impact factor, which were found to be 49% and 36% among high and low impact factor 

journals, respectively. The contribution of high and low impact journals is 58 and 215, 

respectively, leading to an estimate of the overall percentage of margins that are based on 

historical evidence of 39% (accounting for missing data), which does not materially differ 

from the 41% mentioned previously. Second, we might have missed some non-inferiority 

trials in our search, because different terms for “non-inferiority” might have been used or 

trials may have been published in journals that are not indexed in PubMed. These might also 
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be the reasons for not detecting non-inferiority trials before 2000 in our review. However, 

in a review that was conducted to review changes in the publication of non-inferiority 

trials over 20 years, only 1 published non-inferiority trial was identified between 1989 and  

1998 [1]. In that review, the search was conducted in both PubMed and EMBASE for all 

randomized non-inferiority trials. This provides assurance that we have not missed a large 

number of trials before 2000. Finally, we have not included open-label non-inferiority trials 

in our study, which might have provided broader evaluation of the methods of defining 

non-inferiority margins. 

Conclusions 
In conclusion, methods of defining non-inferiority margins are not well-reported. Data 

of those that are reported showed that margins is not commonly defined based on 

the historical evidence of the active comparator as recommended by regulators, and 

this, besides the reporting of the method, has not improved over recent years. Authors, 

reviewers, and editors need to take notice of these issues to allow for better judgment of 

non-inferiority trials.
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Appendix 2. Results of the sensitivity analyses
Primary outcome 
Poison model 

a. Total number of margins with reported methods was 136 (81 defined by other 

methods, 55 defined based on the historical evidence of the active comparator)

b. Ratio (count of all margins defined by other methods/ count of all margins defined 

by historical evidence of the active comparator) = 2.15 (95%CI 0.91 to 5.35, p=0.09) 

c. No significant interaction between “methods” and “year of publication” variables 

(no trend was identified) 

d. Clustering was ignored 

Secondary outcome
Poison model 

a. Total number of margins with unreported methods=

b. Ratio (count of all margins with unreported methods/ count of all margins with 

reported methods) = 1.59 (95%CI 0.94 to 2.71, p=0.09) 

c. No significant interaction between “methods” and “year of publication” variables 

(no trend was identified) 

d. Clustering was ignored 

Other outcomes 
Predictors (Generalized estimating equation with logit link and an exchangeable 
correlation matrix for each outcome) 

a. Odds ratio of Predictor 1: odds of not reporting the method (all margins with 

unreported methods/all margins with reported methods) after the publication of 

the CONSORT Statement / odds of reporting the method before the publication of 

the statement = 1.02 (95%CI 0.58 to 1.80, p=0.96) 

b. Odds ratio of Predictor 2: odds of not reporting the method (all margins with 

unreported methods/all margins with reported methods) in CONSORT-endorsing 

journals / odds of reporting the method in non-CONSORT-endorsing journals = 

0.74 (95%CI 0.43 to 1.27, p=0.28) 

c. Odds ratio of Predictor 3: odds of not reporting the method (all margins with 

unreported methods/all margins with reported methods) in high-impact journals /  

odds of reporting the method in low-impact journals= 0.27 (95%CI 0.15 to  

0.48, p<0.0001) 
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The use of fixed margin method before and after 2010 FDA draft guidance 
(Generalized estimating equation with logit link and an exchangeable correlation 
matrix)

d. Odds ratio: odds of using the fixed-margin method (all margins defined by the fixed-

margin method/ all other margins) after the publication of the FDA guidance/ odds 

of using the fixed-margin method before the publication of the guidance = 3.83 

(95%CI 1.32 to 11.15 p=0.01) 
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Abstract 
Non-inferiority trials are used to assess whether the effect of a new drug is not worse than 

an active comparator by more than a non-inferiority margin. If the difference between 

the new drug and the active comparator does not exceed this pre-specified margin, non-

inferiority can be concluded. This margin must be specified based on clinical and statistical 

reasoning; however, it is considered as one the most challenging step in the design of 

non-inferiority trials. Regulators recommend that the margin should be defined based on 

the historical evidence of the active comparator (the latter is often the well-established 

standard treatment of the disease), which can be performed by different approaches. There 

are several factors and assumptions that need to be accounted for during the process of 

defining the margin and during the analysis of non-inferiority. Three methods are commonly 

used to analyze non-inferiority trials: the fixed-margin method, the point-estimate method, 

and the synthesis method. This article provides an overview of analyzing non-inferiority 

inferiority and choosing the non-inferiority margin. 
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Introduction 
Randomized double-blind placebo-controlled trials are the gold standard for testing a new 

drug to treat a certain disease. These trials, if conducted properly, will show the intrinsic 

efficacy of the new drug and reveal the possible risk that might be associated with its 

use [1]. However, the use of a placebo arm is unethical if it means denying patients an 

effective drug treatment [1-5]. Instead, the new drug could be compared to the standard 

drug, which then act as an active comparator. Such studies could have either superiority 

or non-inferiority purposes.  

Non-inferiority trials seek to test whether the effect of the new drug is not unacceptably 

worse than the effect of the active comparator by more than a predefined non-inferiority 

margin (often indicated by D). This is important when the new drug is believed to have 

a slightly better or slightly worse efficacy compared to the active comparator but offers 

safer, cost-effective, or easier treatment options [1-5]. This article provides an overview of 

the analysis of non-inferiority trials and of the determination of a non-inferiority margin. 

Important factors that contribute to the validity of the results of non-inferiority trials are 

also described.

Analyzing non-inferiority 
The analysis of non-inferiority depends on the non-inferiority margin which is 

the largest clinically acceptable difference between the test drug and the active  

comparator [1-3, 6, 7]. There are several applications of the margin in the analysis of non-

inferiority trials, but the recommended approach by regulators, such as the FDA, is to 

compare the estimated 95% confidence interval of the new drug vs. the active comparator 

from the non-inferiority trial to a pre-defined margin [1-3, 6, 7]. If the confidence interval 

lies entirely below the margin (e.g. for effect measures where the larger the effect the worse 

the outcome), non-inferiority of the new drug to the active comparator can be concluded. 

This then demonstrates that even if the difference was in favor of the active comparator, 

it did not exceed the unacceptably worse criteria of non-inferiority (i.e. the non-inferiority 

margin) [1-3, 6, 7]. The Consolidated Standards of Reporting Trials (CONSORT) Statement 

for non-inferiority and equivalence trials also recommends adding a figure showing where 

the confidence interval lies with regard to the margin (such as the one showed in Figure 1) [8].  

Another, but rarely used, approach to analyze non-inferiority is by testing the fraction of 

the effect of the active comparator that was retained by the new drug using a test statistic 

[2, 3, 9-11].  

Defining the non-inferiority margin
Defining the non-inferiority margin is crucial, yet one of the most challenging aspects in 

the design of non-inferiority trials [2-4]. Nevertheless, studies have shown that the method 

of determining the margin has not been mentioned in more than half of the published non-

inferiority trials [12-18]. Regulators recommend that the margin should be defined based 
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on statistical considerations and clinical judgement [1, 2, 6, 7]. Statistical considerations 

are attributed to summarizing the historical evidence of the active comparator and, when 

possible, pooling an effect estimate with a 95% confidence interval from the historical 

randomized controlled trials (mostly placebo-controlled). The margin is defined either 

based on the pooled estimate or based on the limit of the confidence interval that is 

the closest to the null effect (in either situation, both will be called M1). Clinical judgement 

is then applied to choose the fraction of M1 that must be preserved by the new drug 

(the preserved fraction). The margin represents the remaining fraction of M1, which is 

called M2. For example, if it is decided that 75% of M1 must be preserved by the new drug 

to demonstrate non-inferiority, M2=(1-0.75)*M1=0.25*M1 (or 25% of M1) [2, 3]. 

Several factors govern the maximum loss of the effect of the active comparator that 

stakeholders are willing to accept in favor of the expected benefits of the new drug (i.e. 

choosing the preserved fraction). These factors include the seriousness of the outcome 

measure (e.g. irreversible morbidity or mortality), the effect size of the active comparator, 

the risk benefit-profile and the cost of the active comparator, and whether it is believed that 

the effect of the active comparator has diminished over time [3-5, 11, 19]. Snappinn and 

Jiang state that there are two possible interpretations for the preserved fraction [11, 19].  

First, it represents a discounting in the effect of the active comparator to adjust for 

a possibly diminished effect over time. This adjustment is an approach to limit the bias due 

to the violation of one key assumption of non-inferiority trials: the constancy assumption. 

The constancy assumption states that the effect of the active comparator in the non-

Figure 1. Analyzing non-inferiortity by comparing the confidence interval (CI) of the relative risk to 
a predefined margin. (1) and (2) Non-inferiority was not demonstrated because the upper limit of 
the confidence interval exceeded the margin. (A), (B), (C) Non-inferiority was demonstrated because 
the upper limits of the confidence interval did not exceed the margin.
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inferiority trial is the same (i.e., is constant) as in the historical studies [2-5, 7, 10, 11, 19]. 

Violation of this assumption may lead to a margin that is either too large or too small. For 

example, assume that a margin was defined based on a risk difference of 30% found in 

historical studies of the active comparator against placebo. Now assume that this effect 

has decreased over time, e.g. due to the improvement in the standard of care, so that 

now it would be only a risk difference of 10% if it was compared to placebo in a new trial. 

This means even a preserved fraction of 50% will lead to a margin of 15% which exceeds 

the entire current effect of the active comparator against placebo, and non-inferiority 

may be concluded even if the new drug is worse than (current) placebo. In this case, 

the objective of the non-inferiority trial is to demonstrate that the effect of the new drug 

is indirectly superior to placebo, and the preservation of the effect acts as an additional 

assurance. The second interpretation, described by Snappinn and Jiang which has been 

adopted by regulators, is that the preserved fraction acts as a threshold to demonstrate 

non-inferiority (i.e. the effect of the new drug must be higher than the preserved fraction), 

and that the indirect superiority over a putative placebo is not sufficient [11, 19]. 

A preserved fraction of 50% has become common practice in non-inferiority trials (e.g. 

cardiovascular, irreversible morbidity, and mortality outcomes), but higher (i.e. stricter) 

fractions have been used (e.g. 90% preserved fraction in antibiotics) [2, 3, 12, 14, 17, 18]. 

The stricter the preserved fraction, the harder to demonstrate non-inferiority. This was 

demonstrated in the case-study by Wangge et al. about non-inferiority trials of novel oral 

anticoagulants [21]. In this case-study, the fixed-margin method was used to re-analyze 

16 non-inferiority comparisons from 12 trials of new anticoagulants based on 50% and 

67% preserved fractions. Enoxaparin was used as an active comparator in all these 16 

comparisons. A discrepancy between the results of 50% and 67% analyses occurred in 2 

out of 16 comparisons: two new anticoagulants were found to be inferior to the comparator 

when 67% preserved fraction was used instead of 50% preserved fraction. 

Methods of analyzing non-inferiority
Using the non-inferiority margin that was defined based on the historical evidence of 

the active comparator can be performed mainly by three methods: the fixed-margin 

(95%-95% method), the point-estimate, and the synthesis methods [2, 3, 9, 10]. In all these 

three methods, the analysis of non-inferiority is performed by comparing the confidence 

interval from the non-inferiority trial to the margin. The margin (M2) in the fixed-

margin method, which is the method that is recommended by the U.S. Food and Drug 

Administration (FDA), is conservatively defined based on the lower limit of the confidence 

interval of the pooled point estimate that is closest to the null effect. This is considered 

as a secondary discount in the effect of the active comparator, beside the preserved 

fraction, to account for the uncertainty in the effect estimates of the active comparator 

from the historical trials and be conservative with respect to inferring non-inferiority to 

protect against possible violation of the constancy assumption [2, 11, 19].
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The margin in the point-estimate and the synthesis methods is determined based 

on the pooled point estimate itself. In the point-estimate method, it is assumed that 

the variability in the estimates of the active comparator is constant. In the synthesis method, 

the confidence interval that was estimated from the non-inferiority trial is adjusted to 

account for the variability of the estimates of the active comparator.  The synthesis method 

is, however, often applied by determining a test statistic that shows whether the new drug 

retained a fraction (the preserved fraction) of the effect of the active comparator. This 

method was first described by Holmgren, and was later adopted by the FDA as a method 

to analyze non-inferiority [2, 3, 9, 10]. The synthesis method could also be used to test 

whether the effect of the new drug is superior to a putative placebo [5, 20]. Table 1 shows 

a list of non-inferiority trials and the method of that was used in each trial to analyze 

non-inferiority. These trials also provide a good example on how the method of defining 

the margin should be reported.

Examples of the analysis of non-inferiority trials 
The SPORTIF V (Stroke Prevention Using Oral Thrombin Inhibitor in Atrial Fibrillation V) trial 

is an example provided in the FDA guidance on the application of the fixed-margin and 

the synthesis methods. The non-inferiority of ximelagatran to warfarin was investigated 

in patients with non-valvular atrial fibrillation to reduce the risk of thromboembolic 

complications. Using the fixed-margin method, it was decided that ximelagatran should 

preserve at least 50% of the efficacy of warfarin, found in historical studies, to be considered 

non-inferior. The relative risk (RR) of warfarin vs. placebo in the reduction of stroke and 

systemic embolism was 0.36 with a 95% confidence interval (CI) of (0.25 to 0.53) based 

on 6 placebo-controlled trials. The upper limit of this CI, which is the closest limit to 

the null effect, was used to define the margin. This limit represents a risk of 1.90 (1/0.53= 

1.90) of placebo compared to warfarin (90% increase in risk). In this example, M1 is 1.90 

and M2 is 1.38 (50% of M1 on a logarithmic scale). Therefore, to conclude non-inferiority, 

the upper limit of the relative risk of ximelagatran compared to warfarin must be <1.38. 

The relative risk of ximelagatran vs warfarin in SPORTIF V trial was 1.39 (95%CI, 0.91 to 

2.12). Since the upper limit of this confidence interval exceeded the non-inferiority margin, 

non-inferiority of ximelagatran to warfarin was not demonstrated (Figure 2). 

The conclusion did not change when we applied the point-estimate method to re-

analyze the SPORTIV V trial. The relative risk of placebo compared to warfarin from the 6 

placebo-controlled trials is 2.77 (1/0.36= 2.77), and M2 is 1.66 (50% of the log relative risk of 

2.77). Non-inferiority of ximelagatran compared to warfarin was not concluded when using 

the point-estimate method, because the upper limit of the confidence interval of the risk 

of ximelagatran compared to warfarin in SPORTIV V trial (i.e., 2.12) exceeded the non-

inferiority margin of 1.66 (Figure 2). The same margin was used to apply the synthesis 

method, however, the confidence interval was adjusted to account for the variability 

in the point estimates from the 6 placebo-controlled trials of warfarin. The estimated 
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standard error of the log(RR) of warfarin against placebo is 0.19, while the standard error of 

the log(RR) of ximelagatran against warfarin is 0.22. The indirect estimate of the standard 

error of the effect of ximelagatran against warfarin is

  83

method, however, the confidence interval was adjusted to account for the variability in the 

point estimates from the 6 placebo-controlled trials of warfarin. The estimated standard error 

of the log(RR) of warfarin against placebo is 0.19, while the standard error of the log(RR) of 

ximelagatran against warfarin is 0.22. The indirect estimate of the standard error of the effect 

(0.22)2+[0.5(0.19)]2= 0.24. This leads to an indirect 

95% confidence interval around 1.39 of (0.87 to 2.22), which is wider than the confidence 

interval based on the data of the non-inferiority trial only. Again, the margin M2 is included 

in the confidence interval and hence non-inferiority cannot be concluded (Figure 2).  

 

Another example comes from the Prevention Regimen for Effectively Avoiding Second 

Strokes (PRoFESS) trial, which was conducted to test the non-inferiority of aspirin plus 

extended-release dipyridamole twice daily to clopidogrel once daily for the prevention of 

recurrent strokes [27]. Non-inferiority in this trial was analyzed by the fixed-margin method 

with a hazard ratio (HR) of 1.08 as the non-inferiority margin (M2). This margin corresponds 

to 50% of the lower limit of the 95% confidence interval (1.16, M1) of placebo vs. 

clopidogrel that was estimated from historical studies (1.38;  95%CI, 1.16 to 1.65). Non-

inferiority was not demonstrated in this trial because the upper limit of the estimated 

confidence interval of the combination therapy vs. clopidogrel exceeded the margin: 1.01, 

95%CI, 0.92 to 1.11. However, the conclusion would have changed to non-inferior if the 

point-estimate or the synthesis methods were applied. In the point-estimate method, the upper 

limit of the confidence interval (1.11) did not exceed an alternative non-inferiority margin 

(1.17, M2) based on 50% preserved fraction of the point estimate (1.38, M1) of the efficacy of 

clopidogrel compared to placebo. Hence, based on the point-estimate method non-inferiority 

could be concluded. When applying the synthesis method, the original confidence interval of 

. This leads 

to an indirect 95% confidence interval around 1.39 of (0.87 to 2.22), which is wider than 

the confidence interval based on the data of the non-inferiority trial only. Again, the margin 

M2 is included in the confidence interval and hence non-inferiority cannot be concluded 

(Figure 2). 

Another example comes from the Prevention Regimen for Effectively Avoiding Second 

Strokes (PRoFESS) trial, which was conducted to test the non-inferiority of aspirin plus 

extended-release dipyridamole twice daily to clopidogrel once daily for the prevention of 

recurrent strokes [27]. Non-inferiority in this trial was analyzed by the fixed-margin method 

with a hazard ratio (HR) of 1.08 as the non-inferiority margin (M2). This margin corresponds 

to 50% of the lower limit of the 95% confidence interval (1.16, M1) of placebo vs. clopidogrel 

that was estimated from historical studies (1.38;  95%CI, 1.16 to 1.65). Non-inferiority 

Figure 2. Analyzing non-inferiority of ximelagatran to warfarin using the relative risk. (1) Non-
inferiority margin for the fixed margin method. (2) Non-inferiority margin for the point-estimate and 
the synthesis method. (*) The original confidence interval from SPORTIF V trial that was used to 
analyze non-inferiority with the fixed-margin and the point-estimate methods. Non-inferiority was not 
demonstrated with the fixed-margin method and with the point-estimate methods because the upper 
limit of the confidence interval exceeded both margins (1.38 & 1.66). (&) The adjusted confidence 
interval of SPORTIF V trial in the synthesis method. Non-inferiority was not demonstrated because 
the upper limit of the confidence interval is > the margin (1.66). (A), (B), (C) Non-inferiority would 
have been demonstrated for all methods if the confidence interval lies in one of the three positions in  
A, B, or C.
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was not demonstrated in this trial because the upper limit of the estimated confidence 

interval of the combination therapy vs. clopidogrel exceeded the margin: 1.01, 95%CI, 

0.92 to 1.11. However, the conclusion would have changed to non-inferior if the point-

estimate or the synthesis methods were applied. In the point-estimate method, the upper 

limit of the confidence interval (1.11) did not exceed an alternative non-inferiority margin 

(1.17, M2) based on 50% preserved fraction of the point estimate (1.38, M1) of the efficacy 

of clopidogrel compared to placebo. Hence, based on the point-estimate method 

non-inferiority could be concluded. When applying the synthesis method, the original 

confidence interval of the effect estimate of the non-inferiority study (95%CI, 0.92 to 1.11) 

is adjusted to account for the uncertainty of the estimates from the historical studies. In 

that case, the new upper limit of the confidence interval (1.16) did not exceed the non-

inferiority margin (1.17), again demonstrating non-inferiority.  

Choosing the outcome measure to analyze non-inferiority (absolute vs. 
relative metrics) 
Absolute measures of effects, such as risk differences, tend to be more subject to 

heterogeneity in the effect estimates of the active comparator vs. placebo than relative 

measures of effects [2, 3, 5]. To illustrate this, we analyzed non-inferiority in the SPORTIF V 

trial with the point-estimate method using the risk difference. Firstly, we estimated a pooled 

risk difference (RD) (-3.75%; 95%CI, -5.54 to -1.96%) from the 6 placebo-controlled trials of 

warfarin using the DerSimonian-Laird random-effect model. This model was used due to 

the high level of heterogeneity among these 6 trials (I2= 60%, Q=12.4, p-value=0.03). By 

choosing the point-estimate method, the variability in the effect estimates from the 6 trials 

was considered constant (and was therefore ignored). The upper limit of the confidence 

interval for the risk difference between ximelagatran and warfarin in SPORTIF V (RD: 

0.72%, 95%CI -0.21 to 1.64%) did not exceed the non-inferiority margin (1.88%, M2) that 

was defined to preserve 50% of the pooled effect of warfarin vs. placebo (3.75%, M1). 

Hence, non-inferiority was concluded (Figure 3). 

The large heterogeneity may be suggestive of violation of the constancy assumption. 

Indeed, the event rate of warfarin that was determined in SPROTIF V (1.2%) was half of 

the expected rate that was observed in historical studies (2.4%), suggesting violation of 

the constancy assumption [28]. 

The impact of this large heterogeneity of the risk differences from historical studies 

became evident when we performed a sensitivity analysis for the SPORTIF V trial using 

the historical placebo-controlled trials of warfarin with low heterogeneity (i.e., only 4 of 

the 6 placebo-controlled trials were included). Although the results of the analysis with 

the fixed-margin and the synthesis methods were consistent compared to the results using 

all 6 trials, the conclusion changed when using the point-estimate method. The new pooled 

estimate was -2.62% (95%CI, -3.77% to -1.47%) with no heterogeneity (I2= 0%, Q=0.73, 

p-value=0.86). A non-inferiority margin (1.31%, M2) was defined for the point-estimate 
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method to preserve 50% of the pooled point estimate (2.62%, M1). This margin was 

exceeded by the upper limit of the confidence interval form SPORTIF V (1.64%), therefore, 

non-inferiority was not demonstrated. On the other hand, when using the relative risk, 

the conclusions of the sensitivity analyses, based on the 4 placebo-controlled trials of 

warfarin, were consistent with the analyses performed using all 6 placebo-controlled trials, 

irrespective of the methods of analysis used.  

Conclusion
In this paper on non-inferiority trials, we provided an overview of the considerations to 

define the non-inferiority margin and the methods to analyze non-inferiority. It is crucial for 

researchers, clinicians, and policy-makers to understand these aspects to allow for optimal 

judgment of non-inferiority trials. 

Figure 3. Analyzing non-inferiority of ximelagatran to warfarin using the risk difference. (1) Non-
inferiority margin for the fixed margin method. (2) Non-inferiority margin for the point-estimate and 
the synthesis method. (*) The original confidence interval from SPORTIF V trial that was used to 
analyze non-inferiority with the fixed-margin and the point-estimate methods. Non-inferiority was not 
demonstrated with the fixed-margin method because the upper limit of the confidence interval was > 
the margin (0.98%), whereas it was demonstrated with the point-estimate because the upper limit of 
the confidence was < the margin (1.88%). (&) The adjusted confidence interval of SPORTIF V trial in 
the synthesis method. Non-inferiority was not demonstrated because the upper limit of the confidence 
interval is > the margin (1.88%). (A), (B), (C) Non-inferiority would have been demonstrated for all 
methods if the confidence interval lies in one of the three positions in A, B, or C.
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Abstract  
Objective
To assess the impact on non-inferiority decisions when using a single margin or single 

preserved fraction (PF) for all non-inferiority trials within a pharmacological class. 

Study Design and Setting
A search in PubMed, EMBASE, and CENTRAL resulted in seven active-controlled statin 

trials (nine non-inferiority comparisons ) for treating hyperlipidemia. The impact of using 

a single margin was assessed by calculating whether this margin corresponds to different 

PFs among comparator statins which will demonstrate that the threshold of demonstrating 

non-inferiority (in terms of the PF) varies among comparator statins. The use of a single PF 

was assessed by reanalyzing non-inferiority in the included trials with new margins (based 

on the single PF) for each comparator statin.  

Results
The use of a single margin resulted in PFs that range between 81% and 89% for the different 

comparators (i.e. different thresholds).  The use of a single PF resulted in 4 of 9 (44%) 

different non-inferiority conclusions compared to the original analyses. 

Conclusion
The threshold of demonstrating non-inferiority with a single margin or single preserved 

fraction of the effect per pharmacological class may not be consistent with using a margin 

/ PF for each comparator separately and may impact the conclusions of non-inferiority. 
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Introduction
Non-inferiority trials aim to demonstrate that a new drug is not worse than an active 

comparator by more than a prespecified non-inferiority margin, usually the largest clinically 

acceptable difference between the new drug and active comparator [1-3]. Demonstrating 

non-inferiority will prove that the new drug preserved a clinically significant fraction, i.e. 

the preserved fraction (PF), of the effect of the active comparator which was established 

in historical trials. Regulators recommend that the margin should be defined based on 

historical placebo-controlled trials of the active comparator [1, 4-7]. Theoretically, this 

means that if more than one active comparator are planned to be used in testing non-

inferiority in one or more trials, a separate non-inferiority margin has to be defined for 

each comparison. 

The approval of pitavastatin, a hydroxymethylglutaryl-CoA reductase inhibitor, by 

the Food and Drug Administration (FDA) in 2009 for the treatment of primary hyperlipidemia 

and mixed dyslipidemia was based on the results of non-inferiority trials that were analyzed 

using a non-inferiority margin of 6% reduction in the low-density lipoprotein cholesterol 

[LDL] from the baseline [8]. This 6% margin seems to be an acceptable margin to analyze 

non-inferiority of statins by the FDA, because it was used in all pitavastatin non-inferiority 

comparisons regardless of the chosen comparator statin. Doubling the dose of a statin 

would result in a 6% reduction of the LDL, which is why it was used in published trials as 

stated by the FDA. Moreover, the FDA assessment summary states that using the historical 

trials of the comparator statins would result in a lenient margin [8,9]. However, a summary 

of the effect of each comparator statin from the historical placebo-controlled trials on 

the percentage reduction of LDL was not provided. Therefore, it was not exactly known 

how much of the effect of each comparator statin was preserved by pitavastatin.    

Another approach that regulators have started to accept is the use of a single PF for 

a pharmacological or therapeutic class. For example, 50% and 90% PFs are generally 

accepted by the FDA for drugs that prevent cardiovascular outcomes and for antibiotics, 

respectively [4]. The idea is to simplify the clinical argument on what percentage of the effect 

of each comparator from a certain class must be preserved. However, whether this would 

lead to a different conclusion in comparison to defining a PF for each comparator has not 

been assessed.

The aim of this case study about statin non-inferiority trials was to assess the impact of 

using a single margin or a single PF for all non-inferiority trials within a pharmacological 

class on the consistency of the non-inferiority conclusion.

Methods
Search strategy and study selection of statin non-inferiority trials  
To collect the evidence about non-inferiority statin trials, a systematic literature search was 

performed in PubMed, EMBASE, and the Cochrane Central Register of Controlled Trials 

(CENTRAL) until May 31, 2016. The search was conducted in PubMed and CENTRAL using 
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a combination of keywords “hydroxymethylglutaryl-CoA reductase inhibitors[Mesh]” OR 

“statin” AND “non-inferiority” OR “noninferiority” OR “non-inferior*” OR “noninferior*”. 

The search in EMBASE “hydroxymethylglutaryl Coenzyme A reductase inhibitor” AND 

“non inferior”. A trial was included if the comparison was for statin monotherapy (statin 

versus statin) and the non-inferiority analysis was conducted based on the percentage 

reduction of the LDL from the baseline. Non-inferiority trials that compared generic statins 

to the original ones were excluded unless the generic statin offers a better method of 

administration (controlled-release vs immediate-release).

Analysis of non-inferiority trials
The point-estimate method and the fixed-margin method are the most commonly used 

methods to analyze non-inferiority using margins that are defined based on historical trials 

of the active comparator [1, 4-7, 10]. For both methods, non-inferiority is demonstrated 

if the confidence interval (CI) of the test versus comparator drugs that was estimated 

in the non-inferiority trial lies entirely below (or above such as in our case study) 

the non-inferiority margin. The difference between the two methods is that the margin 

in the point-estimate method is based on the pooled estimate from historical trials of 

the active comparator (no direct consideration of the uncertainty in the effect estimates 

from the past trials). On the other hand, the margin in the fixed-margin method (also 

known as the 95%-95% CI method) is based on the limit of the CI of the pooled estimate 

that is closest to the null effect (i.e. the uncertainty in the pooled effect estimate based 

on the historical trials is taken into account) [1,4,11,12]. For example, if it was decided 

that the new drug must preserve at least 50% of the pooled effect estimate of the active 

comparator from the historical trial, the non-inferiority margin is the remaining 50% of that 

pooled effect estimate (the same approach is applied to calculate the margin based on 

the limit of the CI in the fixed-margin method).

Using a single margin to analyze non-inferiority of statins
We evaluated how the 6% LDL reduction from the baseline non-inferiority margin 

(the margin that is accepted by the FDA) corresponds to the PF for each comparator statin. 

This will show how much does the 6% LDL reduction margin rely, in terms of the stringency 

of demonstrating non-inferiority, on the effect of each comparator statin from the historical 

trials. If the 6% margin corresponds to different PFs, it implies that non-inferiority could be 

demonstrated more easily with some comparator statins than with others, which questions 

the usefuleness of a single margin for analyzing non-inferiority for an entire pharmacological 

class. For each comparator statin, the estimated effect compared to placebo was obtained 

from the meta-analysis by Law et al. [13]. In that meta-analysis, the efficacy of six statins on 

the percentage reduction of the LDL from the baseline was pooled (for each statin) from 

164 placebo-controlled trials.  
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Using a single PF to analyze non-inferiority of statins 
Four non-inferiority margins were defined for the comparator statin in each included trial 

based on the pooled estimate and the 95% CI from the Law et al. meta-analysis. Two 

margins were used that preserve 50% and 85% of the pooled estimate (point-estimate 

method), and another two margins that preserve 50% and 85% of the lower limit of the CI 

of the pooled estimate (fixed-margin method). The 50% PF was chosen because it is 

the most commonly used fraction for both methods [10].  The 85% PF was used in the non-

inferiority published trials [10]. In each trial, the results of the non-inferiority analysis using 

these 4 PF-based margins were compared to the original result. If conclusions are different 

and vary among PFs and among the methods of analysis in comparison to the original 

results, it suggests that using a single PF may not only lead to a margin that is too wide 

or too narrow for the chosen comparator statin, but also lead to a scenario that is similar 

to using a single margin: non-inferiority could be demonstrated more easily with some 

comparator statins compared to others. 

Results
Identification of the included trials  
The systematic literature search resulted in seven trials, comprising nine non-inferiority 

comparisons, which were included in the analysis (details in Figure 1 and Table 1). 

The justification for the choice of the margin was stated only in two trials. Four of the included 

trials were phase III trials of pitavastatin that were submitted to the FDA. Atorvastatin 

was used as the comparator statin in three trials (five non-inferiority comparisons: one 

with 10mg/day, two with 20mg/day, and two with 80mg/day doses). Simvastatin was 

used in four trials (four non-inferiority comparisons: two with 20mg/day and two with  

40mg/day doses). 

Using a single margin to analyze non-inferiority of statins
The 6% LDL reduction margin corresponds to different PFs either based on the pooled 

estimates or the lower limit of the CIs of the controlled statins (81 to 89% and 82 to 

88% PFs, respectively). This means that the stringency of demonstrating non-inferiority, 

in terms of the PF, varies among the comparator statins. This is mainly attributed to 

the difference in the effect size of the pooled effect estimate of each comparator statin 

from the historical placebo-controlled trials as shown in Figure 2. This figure shows how 

the threshold of demonstrating non-inferiority (i.e. how high the PF is) is set by the 6% 

margin. It shows that with the 6% margin, the PF (of either the pooled effect estimate or 

its lower limit of the 95%CI) becomes higher for comparator statins with higher historical 

effect estimates. This means that demonstrating non-inferiority is more difficult for test 

statins that are expected to be equipotent to atorvastatin 80mg (if the latter is chosen as 

an active comparator), compared to demonstrating non-inferiority to atorvastatin 40mg 

with equipotent test statins. However, this inconsistency in the threshold of demonstrating 
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Figure 1. Flow chart of the systematic literature review of non-inferiority statin trials. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Records identified through 
PubMed, CENTRAL, EMBASE, 

and FDA search 
(n = 70) 

Records after duplicates removed 
(n =40) 

Records screened 
(n = 40) 

Records excluded 
(n = 26) 

-Trials were not for statin monotherapy 
(n=13)  
-Not in English (n=1) 
-Not a non-inferiority trial (n=9) 
-Outcome of non-inferiority analysis 
was not % LDL reduction from the 
baseline (n=2) 
-Published protocols (n=1) 
 

Full-text articles assessed 
for eligibility 

(n = 14) 

Full-text articles excluded  
(n = 7) 

	
- Not a non-inferiority trial (n=3)	
-Outcome of non-inferiority analysis 
was not % LDL reduction from the 
baseline (n=2) 
-Non-inferiority	trial	but	superiority	
was	demonstrated	(n=1)	
-Data	about	the	confidence	interval	
of	the	difference	in	%	LDL	reduction	
from	the	baseline	of	test	versus	
control	statins	(n=1)	
 

Articles included in 
analysis 
(n = 7) 

 

Figure 1. Flow chart of the systematic review of non-inferiority statin trials. 

non-inferiority was not observed among comparator statins with similar pooled historical 

effect estimates as shown in the figure (e.g. simvastatin 40mg and atorvastatin 10mg). 

Using a single PF to analyze non-inferiority of statins
Discrepancy between the new analyses using 50% and 85% PFs and the original analyses 

was found in 4 out of 9 comparisons (44%) (Table 2). For example, non-inferiority was 

demonstrated in the original analysis of Yi et al. trial using a 6.5% LDL reduction margin. 

However, repeating the analysis using the point-estimate and the fixed-margin methods 

with a PF of 85% led to a different conclusion (Figure 3 illustrates the reanalysis in this 

trial using the point-estimate method with both PFs). Similarly, non-inferiority was not 
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Figure 2. Fractions of pooled effects of comparator statins that are preserved by the non-inferiority 
margin of 6% LDL reduction. The horizontal white line shows the point where the non-inferiority margin 
of 6% LDL reduction from baseline crosses the historical pooled effect estimate of each comparator 
statin (the dark grey columns) and the lower limit of the 95%CI of the pooled effect estimate (the light 
grey columns). The part below the line is the fraction that corresponds to the margin (the clinically 
insignificant fraction), the part above the line corresponds to the PF.

Figure 2. Fractions of pooled effects of comparator statins that are preserved by the non-
inferiority margin of 6% LDL reduction 
 

 
 
The horizontal dashed line shows the point where the non-inferiority margin of 6% LDL 
reduction from baseline crosses the historical pooled effect estimate of each comparator statin 
(the dark grey columns) and the lower limit of the 95%CI of the pooled effect estimate (the 
light grey columns). The part below the line is the fraction that corresponds to the margin (the 
clinically insignificant fraction), the part above the line corresponds to the PF.  
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Figure 3. Demonstration of reanalysis of the non-inferiority trial by Yi et al. of simvastatin 20mg/day 
(CR) vs. simvastatin 20mg (IR). Analysis based on the point-estimate method using the two margins 
that were defined based on 50% and 85% PFs of simvastatin 20mg/day (IR).
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Table 1. Studies included in the reanalysis of non-inferiority statin trials 

Trial Test statin Comparator statin Indication 
Non-inferiority 
margin used

Justification for the choice of 
the margin

Duration of 
the trial

Number of patients 
in each arm 

The effect estimate (95% CI) 
Conclusion of the study  

Yi et al 2014 17 Simvastatin 
20mg/day 
controlled-
release (CR) 

Simvastatin 20mg/
day immediate-
release (IR) 

Chronic kidney disease 
(CKD) and dyslipidemia 

-6.5% The margin was chosen because it 
was used in similar trials. 

8 weeks Test=59
Comparator=59

0.5% (-6.0 to 5.0%)
Non-inferiority was demonstrated 

Eriksson et al 2011 18 Pitavastatin 
4mg/day

Simvastatin  
40mg/day  

Hypercholesterolemia or 
combined dyslipidemia 
and at least two risk 
factors for coronary heart 
disease  

-6.0% Not reported 12 weeks Test=223
Comparator=119

0.3% (-2.5 to 3.1%)
Non-inferiority was demonstrated 

Gumprecht et al 2011 19 Pitavastatin 
4mg/day

Atorvastatin  
20mg/day

Type 2 diabetes and 
combined dyslipidemia 

-6.0% Not reported 12 weeks Test=275
Comparator=137

2.3% (-6.2 to 1.5%)
Non-inferiority was not 
demonstrated 

Lablanche et al 2010 *,20 Rosuvastatin 
20mg/day

Atorvastatin  
80mg/day

Acute coronary syndrome -3.0% Not reported 12 weeks Test=369
Comparator=384

0.3%(-2.1 to 2.7%)
(at 1 month)
-1.0% (-3.5 to 1.6%) 
(at 3 month)
Non-inferiority was demonstrated 
at 1 month, but not at 3 month

Ose et al 2009 21 Pitavastatin 
4mg/day

Simvastatin  
40mg/day

Hypercholesterolemia or 
combined dyslipidemia 

-6.0% The margin was used in previously 
published statins trials and 
is accepted by the European 
Medicines Agency (EMA) as 
clinically relevant difference which 
approximates to the LDL reduction 
obtained by doubling the dose of 
a statin

12 weeks Test=319
Comparator=110

1.1% (-2.1 to 4.3%)
Non-inferiority was demonstrated 

Study NK-104-301*, †, 8 Pitavastatin 
2mg/day
Pitavastatin 
4mg/day

Atorvastatin  
10mg/day
Atorvastatin  
20mg/day

Hypercholesterolemia or 
combined dyslipidemia 

-6.0% The margin approximates to the LDL 
reduction obtained by doubling 
the dose of a statin. Additionally, 
the use of the past trials of 
the control statins will result in 
a lenient margin

12 weeks Test=315
Test=298
Comparator=102
Comparator=102

-0.2% (-3.4 to 3.1%) 

1.0% (-2.3 to 4.2%)
Non-inferiority for both 
comparisons were demonstrated 

Park et al 2005 22 Pitavastatin 
2mg/day

Simvastatin  
20mg/day

Hypercholesterolemia -7.0% Not reported 8 weeks Test=49
Comparator=46

(-6.1 to 3.8%)‡

Non-inferiority was demonstrated 

demonstrated in the Gumprecht et al. trial using the 6% LDL reduction margin, however, 

non-inferiority was demonstrated in a reanalysis using the point-estimate method with 

either 50% or 85% PFs as well as in a reanalysis using the fixed-margin method with  

a 50% PF. 
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Table 1. Studies included in the reanalysis of non-inferiority statin trials 

Trial Test statin Comparator statin Indication 
Non-inferiority 
margin used

Justification for the choice of 
the margin

Duration of 
the trial

Number of patients 
in each arm 

The effect estimate (95% CI) 
Conclusion of the study  

Yi et al 2014 17 Simvastatin 
20mg/day 
controlled-
release (CR) 

Simvastatin 20mg/
day immediate-
release (IR) 

Chronic kidney disease 
(CKD) and dyslipidemia 

-6.5% The margin was chosen because it 
was used in similar trials. 

8 weeks Test=59
Comparator=59

0.5% (-6.0 to 5.0%)
Non-inferiority was demonstrated 

Eriksson et al 2011 18 Pitavastatin 
4mg/day

Simvastatin  
40mg/day  

Hypercholesterolemia or 
combined dyslipidemia 
and at least two risk 
factors for coronary heart 
disease  

-6.0% Not reported 12 weeks Test=223
Comparator=119

0.3% (-2.5 to 3.1%)
Non-inferiority was demonstrated 

Gumprecht et al 2011 19 Pitavastatin 
4mg/day

Atorvastatin  
20mg/day

Type 2 diabetes and 
combined dyslipidemia 

-6.0% Not reported 12 weeks Test=275
Comparator=137

2.3% (-6.2 to 1.5%)
Non-inferiority was not 
demonstrated 

Lablanche et al 2010 *,20 Rosuvastatin 
20mg/day

Atorvastatin  
80mg/day

Acute coronary syndrome -3.0% Not reported 12 weeks Test=369
Comparator=384

0.3%(-2.1 to 2.7%)
(at 1 month)
-1.0% (-3.5 to 1.6%) 
(at 3 month)
Non-inferiority was demonstrated 
at 1 month, but not at 3 month

Ose et al 2009 21 Pitavastatin 
4mg/day

Simvastatin  
40mg/day

Hypercholesterolemia or 
combined dyslipidemia 

-6.0% The margin was used in previously 
published statins trials and 
is accepted by the European 
Medicines Agency (EMA) as 
clinically relevant difference which 
approximates to the LDL reduction 
obtained by doubling the dose of 
a statin

12 weeks Test=319
Comparator=110

1.1% (-2.1 to 4.3%)
Non-inferiority was demonstrated 

Study NK-104-301*, †, 8 Pitavastatin 
2mg/day
Pitavastatin 
4mg/day

Atorvastatin  
10mg/day
Atorvastatin  
20mg/day

Hypercholesterolemia or 
combined dyslipidemia 

-6.0% The margin approximates to the LDL 
reduction obtained by doubling 
the dose of a statin. Additionally, 
the use of the past trials of 
the control statins will result in 
a lenient margin

12 weeks Test=315
Test=298
Comparator=102
Comparator=102

-0.2% (-3.4 to 3.1%) 

1.0% (-2.3 to 4.2%)
Non-inferiority for both 
comparisons were demonstrated 

Park et al 2005 22 Pitavastatin 
2mg/day

Simvastatin  
20mg/day

Hypercholesterolemia -7.0% Not reported 8 weeks Test=49
Comparator=46

(-6.1 to 3.8%)‡

Non-inferiority was demonstrated 

Discussion 
We showed in this case study on statin non-inferiority trials that applying a single margin 

may not lead to preserving a fixed fraction of the effects of the comparator statins. This 

will result a situation where demonstrating non-inferiority could be achieved more easily 

when choosing certain comparators over others. A similar scenario may also result upon 

using a single PF irrespective of the comparator statin. Both could affect the trial’s assay 
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Table 2. The re-analysis of non-inferiority statin trials 

Trial Test statin Comparator statin

The estimate and 95% 
CI for the difference 
between the test and 
the comparator statins

Margin  
used in the non-
inferiority trial

The pooled estimate and 95% CI 
of the effect of the comparator 
statin from the historical 
placebo-controlled trials*

Margins defined for the point-
estimate method

Margins defined for the fixed-
margin method

50% preserved 
fraction

85% preserved 
fraction

50% preserved 
fraction

85% preserved 
fraction

Yi et al Simvastatin 20mg/day 
controlled-release 

Simvastatin  
20mg/day 
immediate-release 

-0.5% (-6.0 to 5.0%) -6.5% -32.0% (-34.0 to -30.0%) -16.0% -4.8%† -15.0% -4.5%†

Eriksson et al Pitavastatin 4mg/day Simvastatin  
40mg/day

0.3% (-2.5 to 3.1%) -6.0% -37.0% (-40.0 to -35.0%) -18.5% -5.6% -17.5% -5.3%

Gumprecht et al Pitavastatin 4mg/day Atorvastatin  
20mg/day 

2.3% (-6.2 to 1.5%) -6.0% -43.0% (-47.0 to -40.0%) -21.5%† -6.5%† -20.0%† -6.0%

Lablanche et al‡ Rosuvastatin 20mg/
day

Atorvastatin  
0mg/day

0.3% (-2.1 to 2.7%)
 (at 1 month)

-3.0% -55.0% (-62.0 to -48.0%) -27.5% -8.3% -24.0% -7.2%

-1.0% (-3.5 to 1.6%)
 (at 3 month)

-27.5%† -8.3%† -24.0%† -7.2%†

Ose et al Pitavastatin 4mg/day Simvastatin  
40mg/day

 1.1% (-2.1 to 4.3%) -6.0% -37.0% (-40.0 to -35.0%) -18.5% -5.6% -17.5% -5.3%

NK-104-301‡ Pitavastatin 2mg/day Atorvastatin  
10mg/day

-0.15% (-3.4 to 3.1%) -6.0% -37.0% (-41.0 to -33.0%) -18.5% -5.6% -16.5% -5.0%

Pitavastatin 4mg/day Atorvastatin  
20mg/day 

1.0% (-2.3 to 4.2%) -43.0% (-47.0 to -40.0%) -21.5% -6.5% -20.0% -6.0%

Park et al Pitavastatin 2mg/day Simvastatin  
20mg/day 

(-6.1 to 3.8%)§ -7.0% -32.0% (-30.0 to -34.0%) -16.0% -4.8%† -15.0% -4.5%†

sensitivity (the ability of a trial to distinguish between an effective treatment and a less 

effective one) [1].

Using a single margin for an entire pharmacological class will spare researchers and 

regulators from the extensive statistical and clinical efforts that precede the final choice 

of the margin. This is accepted by regulators for some therapeutic and pharmacologic 

groups (such as 0.3% or 0.4% reduction of HbA1c from the baseline for anti-diabetics, 

the 6% LDL reduction for statins, and 1.5 geometric mean titers [GMT] ratio for seasonal 

influenza vaccines). [8, 14-16]. We also found in a systematic review that this approach 

was adopted in many comparisons in which the margin was chosen because it was used 

previously in similar trials [10]. However, as we showed in this case study, the use of 6% LDL 

reduction from the baseline across different comparators from the same pharmacological 

class lead to a condition where the fraction of the effect that must be preserved by the new 

drug is different for different comparators, be it that the PF did not differ that much in an 

absolute sense (81% to 89% depending on the comparator statin). Importantly, however, 

the conclusions regarding non-inferiority changed when applying the different margins in 

the various non-inferiority statin trials.  The obvious, yet exceptional, situation in which 

a single margin (or PF) can be used for an entire pharmacological class is when different 
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Table 2. The re-analysis of non-inferiority statin trials 

Trial Test statin Comparator statin

The estimate and 95% 
CI for the difference 
between the test and 
the comparator statins

Margin  
used in the non-
inferiority trial

The pooled estimate and 95% CI 
of the effect of the comparator 
statin from the historical 
placebo-controlled trials*

Margins defined for the point-
estimate method

Margins defined for the fixed-
margin method

50% preserved 
fraction

85% preserved 
fraction

50% preserved 
fraction

85% preserved 
fraction

Yi et al Simvastatin 20mg/day 
controlled-release 

Simvastatin  
20mg/day 
immediate-release 

-0.5% (-6.0 to 5.0%) -6.5% -32.0% (-34.0 to -30.0%) -16.0% -4.8%† -15.0% -4.5%†

Eriksson et al Pitavastatin 4mg/day Simvastatin  
40mg/day

0.3% (-2.5 to 3.1%) -6.0% -37.0% (-40.0 to -35.0%) -18.5% -5.6% -17.5% -5.3%

Gumprecht et al Pitavastatin 4mg/day Atorvastatin  
20mg/day 

2.3% (-6.2 to 1.5%) -6.0% -43.0% (-47.0 to -40.0%) -21.5%† -6.5%† -20.0%† -6.0%

Lablanche et al‡ Rosuvastatin 20mg/
day

Atorvastatin  
0mg/day

0.3% (-2.1 to 2.7%)
 (at 1 month)

-3.0% -55.0% (-62.0 to -48.0%) -27.5% -8.3% -24.0% -7.2%

-1.0% (-3.5 to 1.6%)
 (at 3 month)

-27.5%† -8.3%† -24.0%† -7.2%†

Ose et al Pitavastatin 4mg/day Simvastatin  
40mg/day

 1.1% (-2.1 to 4.3%) -6.0% -37.0% (-40.0 to -35.0%) -18.5% -5.6% -17.5% -5.3%

NK-104-301‡ Pitavastatin 2mg/day Atorvastatin  
10mg/day

-0.15% (-3.4 to 3.1%) -6.0% -37.0% (-41.0 to -33.0%) -18.5% -5.6% -16.5% -5.0%

Pitavastatin 4mg/day Atorvastatin  
20mg/day 

1.0% (-2.3 to 4.2%) -43.0% (-47.0 to -40.0%) -21.5% -6.5% -20.0% -6.0%

Park et al Pitavastatin 2mg/day Simvastatin  
20mg/day 

(-6.1 to 3.8%)§ -7.0% -32.0% (-30.0 to -34.0%) -16.0% -4.8%† -15.0% -4.5%†

comparators from the same pharmacological group have similar effect estimates in 

historical trials against placebo. 

The use of a single PF for an entire pharmacological class could lead to a similar 

problem (i.e. that the percentage LDL reduction from baseline differs between different 

comparator statins). Choosing a single PF will obviate the need for lengthy discussions 

to decide the fraction of the effect of the comparator that is clinically relevant. However, 

it may lead to a non-inferiority margin that is too wide, which affects the assay sensitivity 

of the trial, or too narrow which will affect the feasibility of the trial due to the need for 

a large sample size.   

This study was the first to assess the usefulness of applying a single margin or 

a single PF to analyze non-inferiority in an entire pharmacological class. However, we 

only found seven statins head-to-head non-inferiority trials, which limits the range of 

scenarios we could evaluate. Additionally, we illustrated the impact of our objectives in 

only one pharmacological class. Further assessment should be performed using other 

pharmacological and therapeutic classes. 
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Conclusion
A careful and systematic assessment must be performed to the evidence of each member 

in a pharmacological class before deciding whether a single margin or single PF can be 

used to analyze non-inferiority for this pharmacological class. Otherwise, we may end up 

with inappropriate margins and hence incorrect conclusions from non-inferiority trials. 
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Abstract  
Non-inferiority trials are methodologically challenging, and details of the design aspects 

are often poorly reported. Using the database of the Dutch Medicines Evaluation Board 

(MEB), we reviewed 232 proposals for the design of non-inferiority trials that were 

submitted by pharmaceutical companies in 2014 and 2015 to the European Medicines 

Agency (EMA) as part of scientific advice procedures. Most proposals (61 of 232 [26%]) 

were about the choice of the non-inferiority margin, which was a major challenge as only 25 

of the 61 [41%] proposals on non-inferiority margins were accepted. Several approaches to 

define the margin were proposed by pharmaceutical companies, and the percentage of 

acceptance ranged between 17% and 56% for different approaches. This study shows that 

most proposals for the non-inferiority margin in the context of scientific advice procedures 

are not directly accepted by registration authorities.   
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Introduction
Non-inferiority trials are used to investigate whether the effect of a new drug is not 

worse than that of an active comparator by more than a pre-defined limit (i.e. the non-

inferiority margin). Demonstrating non-inferiority means that the new drug preserves what 

is considered a clinically important fraction of the effect of the active comparator; the latter 

effect is based mostly on pooled estimates from placebo-controlled trials. The design of 

non-inferiority trials comes with many challenges, because it relies on the designs and 

the results of historical trials of the active comparator [1-9]. 

One of the greatest challenge in the design of non-inferiority trials is defining the non-

inferiority margin [1-9]. Wangge et al. showed that the European Medicines Agency 

(EMA) accepted only 49% (42 of 86) of proposals from pharmaceutical companies for 

the choice of the non-inferiority margins as part of requests for scientific advice in 2008 

and 2009, even though regulatory guidelines for defining the margin (e.g. EMA guideline, 

the International Council for Harmonisation of Technical Requirements for Pharmaceuticals 

for Human Use [ICH] E9 and E10 guidelines) were available at that time [5-7, 10]. These 

regulatory guidelines state that the margin must be defined based on statistical and 

clinical considerations [5-7]. 

The study by Wangge et al. did not provide details on the methods that were proposed 

by pharmaceutical companies to define the margin, or details of proposals for the need to 

conduct a non-inferiority trial. In this study, we performed an in-depth analysis of proposals 

for the choice of the non-inferiority margin and for the need to conduct non-inferiority 

trials for the recent years 2014 and 2015. 

Methods
Data source and search crietria   
A search for 2014 and 2015 final scientific advice letters with topics unique to non-inferiority 

trials was conducted in the database of the Dutch Medicines Evaluation Board (MEB) 

using the keyword “inferior”. Access to these letters was granted by the MEB through 

a confidentiality agreement with Utrecht University. The EMA scientific advice letters are 

provided by the EMA to applicants (pharmaceutical companies or medicine developers) 

based on recommendations from the scientific advice working party (SAWP) in response to 

a request of a scientific advice by the latter about drug applications that are intended to 

be submitted for approval by the EMA. The scientific advice could be related to any aspect 

of the drug development program (quality, pre-clinical, and clinical stages) [11]. A scientific 

advice letter might be followed by one or more follow-up scientific letters which contain 

clarifications/discussions about proposals from pharmaceutical companies in the first 

scientific advice letter. For the purpose of this study, the initial letter and follow up letters 

were merged. Each letter is for one drug and it includes questions, proposals (applicant 

positions), and answers from the EMA. Details of the design and why the applicant choses 

every aspect are stated in these proposals. EMA provides both answers, i.e. whether they 
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agree or disagree on these proposals, and presents recommendations. The number of 

subjects per letter varies widely, some questions are about one trial, others are for several.

Two main types of questions from applicants and EMA answers were collected from 

each scientific advice letter. The first type was the design question (i.e. proposal) about 

one of 5 design aspects of non-inferiority trials: the choice of the non-inferiority margin, 

the approach to demonstrate non-inferiority (i.e. confidence interval approach, using a test 

statistic, etc.), the sample size calculation, the choice of the active comparator, analysis 

population (intention-to-treat [ITT] or per-protocol [PP]). The second type is the need of 

conducting non-inferiority trials were also collected from these letters. 

Outcomes and data analysis 
Several outcomes were assessed in this study. The first was the number of design proposals 

and the proposals for the need to conduct a non-inferiority trial with the perentage of 

acceptance of these proposals by the EMA (what the EMA recommended about the rejected 

proposals was not covered in this project). The second was a detailed description of 

approaches that were proposed by pharmaceutical companies to define the margin and 

number of those accepted by the EMA. The third was details of proposals about the need 

to conduct a non-inferiority trial and why the were accepted or rejected by the EMA. 

The drugs, for which the included scientific advice letters were sent, were categorized 

based on therapeutic class using the Anatomical Therapeutic Chemical (ATC) classification 

(the classification was made based on the intended indication of the drug if an ATC was 

missing) [12]. The number of letters and proposals per therapeutic class was also provided. 

The justification for designing non-inferiority trial(s) for each drug (per letter) was assessed 

and classified. Data extraction and classification were performed by TA. Discussions 

among the study team members were held to assess the classification and analysis of 

the outcomes. 

Results
Letter identification and characteristics   
We identified 734 final scientific advice letters in 2014 and 2015. The keyword “inferior” 

was found in 225 letters of which 70 included topics unique to non-inferiority trials/

analyses (Figure 1). These 70 letters accounted for 232 proposals with an average of 3 

proposals per letter. Of the 232 proposals, 207 (89%) were design proposals and 25 (11%) 

were proposals for the need to conduct a non-inferiority trial. Fifty four of 70 letters (77%) 

were for drugs that were intended to be submitted for approval by the EMA standard 

marketing authorization application (as new drugs or new indications for already approved 

drugs). Fifteen (21%) were for orphan drugs, and one (2%) was for a generic drug. Most of 

these letters and proposals were for anti-infectives and vaccines, drugs for endocrine and 

metabolism disorders (mainly anti-diabetics), and immunomodulators and antineoplastic 

drugs (Appendix 1, Supplementary materials). These drugs were planned to be tested in 
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non-inferiority trials mainly because pharmaceutical companies suggested that they would 

provide an easier method of administration (16 of 70 [23%]), better safety profile (10 of 70 

[14%] or both better method of administration and better safety profile (10 of 70 [14%]) in 

comparison to their comparators (Table 1). 

Analysis of the design proposals  
The highest number of the design proposals concerned the choice of the non-inferiority 

margin (61 of 232 [26%]), and the lowest was for the analysis population (intention-to-treat 

or per-protocol; 20 of 232 [9%]) (Figure 2). Only 61% of the total number of the design 

proposals was accepted and 24% were rejected. There was no response from the EMA 

Figure 1. Search criteria and screening process for scientific advice letters unique to non-inferiority trials  
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for the remaining 15% of the proposals. The highest number of the accepted proposals 

concerned the choice of the active comparator (40 of 46 [87%]), and the lowest concerned 

the choice of the non-inferiority margin (25 of 61 [41%]) (Figure 2). 

Choice of the non-inferiority margin 
Figure 3 shows the justifications that were provided by pharmaceutical companies for 

their choice of the non-inferiority margin in 61 proposals (1 margin/proposal). Most 

of these margins were justified by clinical and statistical considerations and by expert 

opinion (18 [30%] and 16 [26%], respectively). Of the 18 justifications that were based 

on both clinical and statistical considerations, the statistical part of 6 (33%) justifications 

was based on the effect estimate of the active comparator from the historical evidence, 

while the statistical part of another 6 (33%) justifications was based on the limit of the 95% 

confidence interval of the effect estimate of the active comparator from the historical 

evidence that is the closest to the null effect. The pharmaceutical companies did not 

provide sufficient details to classify the statistical justification for 5 of these 18 margins, 

and one margin was defined based on non-comparative data. The clinical considerations 

concerned decisions on the the fraction of either the effect estimate of the limit the 95% 

confidence interval that must be preserved by the new drug.

In 12 of the 16 margins that were based on expert opinion, the pharmaceutical 

companies stated that any difference between the test and the comparator drug below 

or above these margins is clinically insignificant. In the proposals of the remaining 4 

margins that were based on expert opinion, it was stated that 2 were defined based on 

the historical evidence of the active comparator without providing the evidence and how 

the margin was derived from it, and 2 were stricter than margins that were used previously 

in the approval of similar drugs without providing additional details. 

Table 1. Justifications of conducting a non-inferiority trial or analysis per letter 

Justification 
Number of letters
N=70 (%)

Better method of administration 16 (23)
Better safety 10 (14)
Better method of administration + safety 10 (14) 
Treat/prevent possible future or current resistance to a standard anti-microbial(s) 8 (11.5)
Not provided 8 (11.5)
Non-inferiority compared to an off-label standard treatment 5 (7)
Similarity (alternative/generic) 5 (6)
Safety non-inferiority to a placebo arm 2 (3) 
Requested by guidelines to establish non-inferiority 2 (3) 
Non-inferiority testing if superiority failed 2 (3) 
Better method of administration + safety +cost 1 (1.5)
Better cost 1 (1.5)
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 20 

Figure 2. The EMA’s responses to various design aspects of non-inferiority trials proposed 
by pharmaceutical companies  
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Figure 2. The EMA’s responses to various design aspects of non-inferiority trials proposed by 
pharmaceutical companies

Only 25 of the total 61 (41%) margins were accepted (of which 17 were accepted directly, 

and 8 were accepted based on a follow-up of previous advice letters), and 27 (44%) were 

rejected by the EMA. The lowest acceptance was for margins that were justified based 

on clinical and statistical considerations (3 of 18 [17%]), and the highest was for those 

based on expert opinion (9 of 16 [56%]) (Figure 3). The most common reason for rejecting 

the 27 margins was the leniency of the margin (i.e. the EMA considered the margin was 

(too) lenient). Thirteen of 18 margins that were defined based on clinical and statistical 

considerations were rejected mainly because either the clinical (5 of 13) or statistical (4 of 

13) considerations were not acceptable. 

Proposals for the need to conduct non-inferiority trials 
Table 2 shows the details of 4 types of these 25 proposals from pharmaceutical companies 

with the EMA’s response. The most common type was proposing a non-inferiority trial (or 

non-inferiority analysis) to show non-inferiority or similarity to an active comparator (12 of 

25 [48%]), followed by the proposal for drug approvals without testing formally for non-

inferiority in conditions in which non-inferiority trials may be preferable (10 of 25 [40%]). 

The overall acceptance of these proposals was 68%, and the range among the 4 types was 

from 50 to 100%. 
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Discussion 
This study indicates that there are many questions about the design of non-inferiority trials 

from pharmaceutical companies to the EMA, with the non-inferiority margin being the main 

issue for asking scientific advice.  The EMA’s response to the questions about the choice 

of the margin did not show that the EMA has a preference for a cetain method to define 

the margin based on clinical and statistical considerations (i.e. defining the margin based 

on the point-estimate or the limit of the 95%CI that is the closest to the null effect) . Finally, 

and consistent with what is commonly thought about these trials, we found that providing 

a better method of administration and/or better safety profile were the most common 

reasons indicated by pharmaceutical companies for conducting non-inferiority trials [13].  

The numbers of scientific advice letters and proposals in 2014 and 2015 were lower 

compared to those of 2008 and 2009 presented in the study of Wangge et al. (70 vs. 156 

and 354 vs. 232, respectively) [10]. Differences were also observed in the lower numbers 

of accepted proposals concerning the choice of the non-inferiority margin and the sample 

size calculations (the latter depending highly on the margin) [10]. The confidence-interval 
 21 

 

Figure 3. The EMA’s responses to the justification provided by pharmaceutical companies 
for the chosen non-inferiority margins   

 

 

 

 

 

 

 

 

 

 

 

 

0

2

4

6

8

10

12

14

16

18

20

Exp
ert

 op
nio

n

Not 
sta

ted

Stat
ist

ica
l a

nd
 cl

ini
cal

 co
nsi

de
rat

ion
s

Used
 pr

ev
iou

sly
  in

 si
mila

r tr
ial

s

Base
d o

n r
eg

ula
tor

y r
eco

mmen
da

tio
n/g

uid
eli

ne
s

Base
d o

n t
he

 ef
fic

acy
 of

 th
e t

est
 dr

ug

N
um

be
r 

of
 p

ro
po

sa
ls

Accpeted Rejected No comment

Figure 3. The EMA’s responses to the justification provided by pharmaceutical companies for 
the chosen non-inferiority margins 
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approach, rather than analyzing non-inferiority by test statistic, was the most commonly 

proposed and accepted method of analysis in this study, which is also the most commonly 

presented approach in published non-inferiority trials [14,15]. The EMA accepted two-third 

of the proposals for the need to conduct a non-inferiority trial/analysis, which may indicate 

a high agreement between regulators and pharmaceutical companies on drugs that 

require testing for non-inferiority.

Our findings showed that there was no common justification to define the non-

inferiority margin. The approach recommended by regulators, i.e. clinical and statistical 

considerations, was not used for most of the margins. Furthermore, the EMA did not 

agree with most of the clinical and statistical considerations that were presented 

by pharmaceutical companies. This was either due to disagreement of the EMA on 

the interpretation of the historical evidence of the active comparator (i.e. the statistical 

consideration), or disagreement on the fraction of the effect of the active comparator 

that must be preserved by the new drug (i.e. clinical consideration). The margins of this 

approach were mainly based on the point estimate of the effect of the active comparator 

that was pooled from the historical evidence or the limit of its 95% confidence interval 

that is the closest to the null effect. We found in a recent systematic review that these two 

methods are also the most commonly used methods of this approach in published non-

inferiority trials [14]. The EMA accepted 9 of 16 (56%) of the margins that were defined 

by expert opinion. Four of the 9 accepted margins were the ones for which applicants 

stated that they were defined based on clinical and statistical considerations, or they were 

stricter than margins that were used previously in the approval of similar drugs without 

reporting the statistical details for these justifications and how these 4 margins were 

derived from these summaries. The historical evidence of the comparators from which 

these 4 margins were defined seemed to be well recognized by the EMA assessors, which 

did not necessitate the detailed reporting in the scientific advice. We also found in our 

Table 2. Proposals by pharmaceutical companies for the need of conducting a non-inferiority trial/
analysis for the prospective drug application 

Therapeutic class

Accepted by 
the EMA
N=17

Rejected by 
the EMA 
N=7

No response 
from the EMA
N=1

Proposing a non-inferiority trial (or non-inferiority 
analysis) to show similarity or non-inferiority

8 3 1

Proposing approval without testing formally for  
non-inferiority in conditions in which non-inferiority 
testing is preferable 

7 3 -

Testing non-inferiority then superiority  
(if non-inferiority was achieved) and vice versa 

1 1 -

Testing non-inferiority for another outcome  
(e.g. safety outcome) in a superiority trial

1  - -
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recent systematic review that a large proportion of the margins in published non-inferiority 

trials were defined based on expert opinion [14]. 

This study was the first to utilize a regulatory database to identify the approaches of 

defining the non-inferiority margin (with the acceptance level of these methods), and to 

describe the justifications for designing non-inferiority trials. There are two main limitations 

in this study. First, the details of defining 23% of the margins were not stated. Second, 

we were unable to assess the impact of the EMA recommendations about the rejected 

proposals on drug approvals because it requires a long time period from conducting 

the trial until having a final approval decision from the EMA). This therefore needs to be 

covered in a future follow-up study.  

To conclude, there are still many questions about the design of non-inferiority 
trials for drugs intended to be submitted for approval in Europe, and the non-
inferiority margin continues to be the most challenging aspect in scientific advice 
letters. Further research is necessary to understand why available guidances on 
non-inferiority trials are not followed.
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Appendix 1. Number of the EMA’s sientific advice 
letters unique to non-inferiority trials according 
to the therapeutic class

Therapeutic class
Number of letters
N=70%

Number of proposals*
N=232 (%)

Anti-infectives and vaccines 24 (34) 89 (38)
Drugs for endocrine and metabolism disorders  12 (17) 49 (20)
Immunomodulators and anti-neoplastic drugs 5 (7) 16 (7)
Drugs for neurological disorders 5 (7) 9 (4)
Drugs for blood and electrolyte disorders 4 (6) 14 (6)
Cardiovascular drugs 4 (6) 10 (4)
Drugs for gastrointestinal disorders 4 (6) 7 (3)
Drug for rheumatoid arthritis  2 (3) 11 (5)
Analgesics 2 (3) 9 (4)
Antidotes 2 (3) 6 (3)
Drugs for eye disorders 2 (3) 2 (1)
Drugs for skeletal system disorders 1 (1) 1 (0.5)
Drugs for dermatological disorders 1 (1) 4 (2)
Diagnostic agents 1 (1) 1 (0.5)
Drugs for respiratory and nasal disorders 1 (1) 1 (0.5)

*Most letters had more than one proposal (per letter) about a design aspect of non-inferiority trials
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Abstract
Choosing the non-inferiority margin is one of the main challenges when designing a non-

inferiority trial. The European Medicines Agency (EMA) published a guidance report on 

the choice of the margin in 2005. Nevertheless, in 2008 and 2009 they did not accept 

41% (35 of 86) of the non-inferiority margins that were proposed by pharmaceutical 

companies in the context of scientific advice letters. In this study we focus on whether EMA 

recommendations were followed by pharmaceutical companies and a possible relation 

with eventual drug approval. Five of the 35 unaccepted margins were equivalence margins; 

we only considered the 30 unaccepted non-inferiority margins in our analyses. Twelve of 

these margins were defined based on clinical and statistical considerations (the approach 

recommended by the EMA) and were rejected due to unacceptable clinical considerations. 

The other 18 margins were not accepted because the margins were considered too wide. 

The EMA’s recommendations were followed for 10 out of 15 margins (67%) (data on what 

happened to the recommendations about the other 15 of 30 margins were not available). 

The main reason for ignoring the recommendation in the other 5 cases was that they were 

already accepted by the U.S. Food and Drug Administration (FDA). The proportions of 

approved drugs for which recommendations were and were not followed were similar, yet 

numbers were too low for formal statistical testing. This study shows that the main concern 

of regulators about noninferiority trials was about the strictness of the margin from a clinical 

perspective. Future studies using more recent data, including data about the FDA, may 

help in assessing the impact of guideline recommendations about non-inferiority margins 

on drug approval and may assist in reaching consensus among regulators about the choice 

of the margin. 
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Introduction
When designing a trial to assess the efficacy of a new drug, a non-inferiority design can 

be considered when it is anticipated that the efficacy of the new test drug is not superior 

to an active comparator, but that it may offer advantages like improved safety or a more 

convenient dosing schedule. To be able to demonstrate non-inferiority, a non-inferiority 

margin needs to be defined [1-9]. For example, non-inferiority is demonstrated when 

the 95% confidence interval of the effect estimate of the test drug versus active comparator 

does not include the non-inferiority margin. Regulators recommend that the non-inferiority 

margin is based on clinical and statistical considerations. This means that the historical 

evidence (i.e. from randomized controlled trials) of the active comparator is reviewed and 

quantitatively summarized in a pooled estimate. Furthermore, a clinically relevant fraction 

(also called the preserved fraction) of that estimate is chosen to be preserved by the new 

drug (the margin is the remaining clinically insignificant fraction) [1-9]. 

The European Medicines Agency (EMA) published a guideline on the choice of 

the non-inferiority margin in 2005. In a first study, Wangge et al. found in the context of 

scientific advices that the EMA in 2008 and 2009 did not accept 41% (35 of 86) of the non-

inferiority margins that were proposed by pharmaceutical companies for drugs that were 

intended to be marketed in Europe [10]. Here, we describe an extension of their study, 

which focuses on the approaches used by pharmaceutical companies to define these 

margins, the regulatory dialogue with the EMA about these margins, and whether EMA’s 

recommendations about these margins were followed by the pharmaceutical companies, 

and, if not, whether this had an impact on eventual drug approval.

Collecting data about the margins 
We collected information from the scientific advice letters that were sent by the EMA in 

2008 and 2009 to pharmaceutical companies in response to requests for a scientific advice 

about developing drugs that are intended to be registered in Europe. Access to the dataset 

of this study was granted by the Dutch Medicines Evaluation Board (MEB). This study is an 

extension of the study by Wangge et al, however, complete details of these margins (i.e. 

methods that were used to define these margins by pharmaceutical companies and what 

the EMA recommended as alternative choices of the rejected margins) were not provided 

in the published manuscript of Wangge et al. Of the 35 non-inferiority margins discussed 

in that study, we excluded 5 because these were equivalence margins. 

Information about the follow-up of the EMA’s recommendations by the pharmaceutical 

companies was collected from the public domain of the EMA, registries of clinical trials 

(ClinicalTrials.gov and EU Clinical Trials Register), and published trials. These data were 

also collected from the centralized marketing authorization applications of these drugs 

(if an application was submitted by the pharmaceutical company to the EMA) using 

the database of the MEB. Data about approval status were collected from the public 

domain of the EMA website.  
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Comments and discussions 
How these margins were defined and why they were rejected  
Among the 30 margins included in the analysis, 12 (40%) were defined based on 

clinical and statistical considerations (Table 1). There was no concern from the EMA on 

the statistical approach used by the pharmaceutical companies to define 11 of these 12 

margins. The reason for not accepting one of these 12 margins was not due to the choice 

of the margin itself, but rather due to the choice of the active comparator. Eight of these 

12 margins were based on information from historical randomized controlled trials of 

the active comparator against placebo. Among these 8, 7 were based on the pooled effect 

estimate of the active comparator, and 1 was based on the limit of the confidence interval 

that is closest to the null effect. The other 4 margins were not based on information from 

historical trials, but rather on an indirect comparison with a historical placebo arm or non-

comparative historical data. It seems that choosing the point estimate rather than the limit 

of its 95% confidence interval to define the margin was the main statistical approach that 

was accepted by the EMA. This is in contrast to the U.S. Food and Drug Administration 

[FDA], which prefers the approach based on the limit of the 95% confidence interval 

[4].  However, we found in a recent study that the use of the approach recommended by 

the FDA increased substantially after the publication of the FDA draft guidance on non-

inferiority trials in 2010 [11]. It would be helpful for researchers to know if the EMA still 

prefers the point estimate approach, or if they share the preference of the FDA.

The reason for rejecting the margins that were defined based on clinical and statistical 

considerations by the EMA was the preserved fraction that was deemed unacceptable, 

except for one which was rejected because of the unacceptable choice of the active 

comparator. The EMA recommended using stricter margins, i.e. larger preserved fractions 

in 9 cases. For 3 margins they concluded that a non-inferiority trial was not feasible if 

stricter margins would have been used instead. All these three margins were based on 

non-comparative historical data. Among the rejected margins, the most commonly used 

preserved fraction was 50% (in 7 of 12 margins for which the preserved fraction was stated,  

the range was 42 - 72%), which may suggest that the EMA does not consider a 50% 

preserved fraction clinically acceptable for most drug efficacy outcomes. The choice of 

the preserved fraction in general depends on the effect size of the active comparator(s), 

how much effect size of the active comparator that stakeholders are willing to loose to 

fulfil an unmet medical, and how feasible is the trial (with regard to the sample size) with 

the chosen preserved fraction [1, 4-9, 11]. This explained the variability in the preserved 

fractions that were used in the published non-inferiority trials; hence, emphasizing 

the importance of providing pharmaceutical companies with an opportunity of requesting 

a scientific advice on this matter [11-18]. Addtionally, guidance on the proper choice of this 

fraction with illustrative examples might be helpful in decreasing the number of follow-up 

scientific advice requests and meetings with pharmaceutical companies that are needed 

to come to a final decision on the margin. In most of the other 18 of 30 margins that were 
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defined by other approaches (Table 1), the EMA stated that these margins were too wide 

and recommended stricter margins instead. 

Acceptance of the EMA’s recommendations and its impact on drug 
approvals
Data on following the recommendations of the EMA by pharmaceutical companies were 

available for only 15 of 30 margins (Figure 1). Most of the follow up data were found in 

the EMA public assessment reports (N=7) and the drug registration documents at the MEB 

(N=3). The EMA’s recommendations were followed in 10 of the 15 margins (67%), and 

were ignored in 5. The companies’ refusal to adhere to the recommendations was due 

to the following reasons: the margin was already accepted by the FDA (N=3), the trial 

was ongoing by the time of the scientific advice request (N=1), and the company was 

expecting a superiority result over the active comparator (N=1) (Table 2). The first 3 

margins were considered too wide by the EMA, whereas the FDA concluded that they 

were sufficiently strict to assess non-inferiority. One of them was defined based on 

the preferred approach by the FDA. The other two cases where EMA concluded differently 

than the FDA concerned a margin that is considered generally accepted for non-inferiority 

analysis  of antidiabetics. The FDA accepted the non-inferiority margin of 0.4%  reduction 

in HbA1c from the baseline twice, i.e. in a response to a scientific advice request for 

two new antidiabetics. However, the EMA recommended 0.3% reduction in HbA1c from 

the baseline as a margin instead. The FDA states that 0.3 or 0.4% reduction of HbA1c from 

the baseline is typically acceptable as a non-inferiority margin for antidiabetics given that 

it is not greater than the estimate from the historical placebo-controlled trials of the active 

comparator, while the EMA considers 0.3% as generally acceptable [18, 19]. 

Table 1. Approaches followed by pharmaceutical companies to define the proposed  
non-inferiority margins 

Approach Number (N=30)

Clinical and statistical considerations
Based on the point-estimate from the historical data 
Based on the limit of the confidence interval that is the closest to the null effect 
Based on uncontrolled data from the historical evidence 

12
7
1
4

Data not sufficient to classify the method or to identity the margin was actually 
derived from the historical evidence of the active comparator*

9

Not stated (although the approach was not stated for one margin, there was 
a mention of a discussion about the approach in previous meeting)

5

Used previously in similar trials 3
Regulatory guidance 1

*For some margins, the pharmaceutical company stated also that margin was also used previously in  
similar trials
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The proportions of approved drugs by the EMA for which recommendations were and 

were not followed were similar: 5/6 vs. 4/5, respectively (Figure 1 shows the approval 

decisions were only available for 11 margins); however, the numbers are insufficient to draw 

a conclusion on whether not following EMA advices could have impacted the approval 

decisions, which can be assessed in a future study with a larger number of margins.

Figure 1. Data collection of the details, the follow-up, and the approval decisions for drugs that were 
planned to be assessed by 35 non-inferiority margins
*A marketing authorization application was submitted to the EMA for some drugs
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Conclusion
This study shows that the main concern of regulatory authorities on proposals of non-

inferiority margins in scientific advice letters was about the strictness of the proposed 

margin and what this would mean for clinical practice. Future studies using more recent 

data, including data from the FDA, may help in assessing the impact of guideline 

recommendations about non-inferiority margins on drug approval and may assist in 

reaching consensus among regulators about the choice of the margin. 
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dialysis patients with chronic kidney disease 

Mean change in hemoglobin 
levels from the baseline  
of 1g/dL

Margin was wide (0.5g/dL was 
recommended)

No
(trial was ongoing) 

No

Menveo 21 Menomune Immunization of children above 2 years to 
prevent invasive meningococcal disease

A difference in seroresponse 
of 10%

The margin was considered wide No
(the pharmaceutical company was expecting  
superiority findings)

Yes

Edoxaban 22, 23 Warfarin Prevention of stroke or systemic embolism 
in patients with non-valvular atrial fibrillation 

Hazard ratio of 1.38 The margin was considered wide No justification was provided in the EMA public assessment 
report. But the FDA approval package states that the margin 
is accepted by the FDA

Yes

Anti-diabetic 1* Anti-diabetic Type 2 diabetes mellitus Mean difference of 0.4% 
HbA1c from the baseline 

The margin was considered wide 
(0.3% was recommended instead)
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(the pharmaceutical company stated in the EMA marketing 
authorization application they did not change the margin 
because it was accepted by the FDA)
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HbA1c from the baseline
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authorization application they did not change the margin 
because it was accepted by the FDA)
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Abstract 
Objective
To compare the effectiveness and safety of a drug in daily practice with the outcomes of 

a randomized trial by rigorously mimicking in an observational study the design features 

of a selected non-inferiority trial.

Study Design and Setting
This cohort study was conducted using the British Clinical Practice Research Datalink 

(CPRD) to emulate the ROCKET AF (Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition 

Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial 

Fibrillation) trial. Patients with atrial fibrillation who were newly prescribed (>=12 months 

of no use) either rivaroxaban or warfarin from October 2008 to December 2017. Non-

inferiority of rivaroxaban to warfarin in the prevention of stroke or systemic embolism was 

assessed. Cox-proportional hazards regression was used to estimate the study outcomes 

adjusting for time-fixed and time-varying confounders. 

Results
We included 25,473 incident users of rivaroxaban (n=4,008) or warfarin (n=21,465). Similar 

to the trial, non-inferiority in the primary outcome was demonstrated: HR 1.04 (95% 

confidence interval 0.84 to 1.30) in the intention-to-treat population. 

Conclusion
The results of this study provide supportive evidence to the effectiveness of rivaroxaban 

and adds knowledge on the usefulness of emulating a non-inferiority trial to assess  

drug effectiveness.  
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Introduction
It is well accepted that a randomized double blind controlled trial (RCT) is the best way 

to evaluate drug effects in an unbiased way [1-3]. An important question is whether 

the observed drug effects from RCTs can be extrapolated to routine daily practice [4, 

5]. Effects might be different because compared to a previous performed RCT, patients 

might fall outside of the strict in- and exclusion criteria, might have a different number 

and nature of comorbidity and drug use, might use different dosages (e.g. caused by drug 

interactions or kidney failure) or adhere differently to drugs and/or might exhibit another, 

for drug effects relevant, lifestyle [6-10].

Evaluating drug effectiveness and safety in daily practice is hampered by 

the observational design of studies vulnerable to information, selection and confounding 

bias [4-10].

Many observational studies have been performed with the objective to try to find 

similar drug effects as have been observed in RCTs.  Some studies found similar effects, 

others did not [4-17].

An important step to try to evaluate whether drug effects from RCTs are similar in 

daily practice is to try to mimic the RCT as much as possible [4-17]. Obvious measures 

like randomization and blinding of patients and health care practitioners for the studied 

drugs is by nature impossible. However, by applying the same in- and exclusion criteria 

in the observational study as were used in the RCT, by using similar drug dosages and 

a similar follow up time obvious causes that might lead to different drug effects can be 

prevented [4-17].

 Such observational studies mimicking RCTs have been performed. Interestingly 

in almost all cases such comparisons were done for superiority trials and only once for 

a non-inferiority trial [11-17]. This last comparison was hampered by the absence of non-

inferiority comparison between study arms in the observationl study [17].

Therefore, the aim of our study was to compare the effectiveness and safety of a drug 

in daily practice with RCT outcomes by rigorously mimicking in an observational study 

the design features of the selected non-inferiority RCT.

Methods
Sources of data  
This retrospective cohort study was conducted using the Clinical Practice Research 
Datalink (CPRD) to mimic the design of the ROCKET AF (Rivaroxaban Once Daily 
Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention 
of Stroke and Embolism Trial in Atrial Fibrillation) non-inferiority trial [18, 19]. In 
the ROCKET AF  efficacy of rivaroxaban, an oral factor Xa inhibitor, in preventing 
stroke or systemic embolism in patients with atrial fibrillation (AF) was evaluated. 
CPRD covers de-identified data of over 10 million patients currently registered in 
more than 600 primary care practices in the United Kingdom (UK) [19, 20]. The CPRD 
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is one of the largest primary care databases in the world with longitudinal medical 
records, and CPRD patients are considerably representative of the UK population 
with respect to sex, age, and ethnicity [19, 20]. CPRD has an acceptable level of data 
completeness and its validity, in terms of diagnoses, was investigated in previous 
studies with high positive predictive values [21-24]. 

By linkage to Hospital Episode Statistics (HES) Admitted Care data on study outcomes 

and admission were used. An ISAC (Independent Scientific Advisory Committee) protocol 

was submitted and approval of the study was granted [25].

Study cohort 
Patients who were diagnosed with non-valvular AF and were prescribed either rivaroxaban 

or warfarin from 30-09-2008 (the date of granting marketing authorization of rivaroxaban 

by the EMA) were included and followed to the end of the study period (31-12-2017) [26]. 

All patients were incident users (i.e. those who did not use an anticoagulation therapy 12 

months before the start of rivaroxaban or warfarin). The inclusion criteria were similar to 

those of the ROCKET AF trial which included patients with non-valvular AF at moderate-

to-high risk for stroke. This level of risk was indicated by a hisotry of stroke, transient 

ischemic attack, or systemic emolism or at least two of the following risk factors: heart 

failure; hypertension; age ≥ 75 years, Type I or II diabetes mellitus [18]. The following 

exclusion criteria could not be applied in this study: the use of the combined treatment 

of aspirin and thienopyridines within 5 days before index dates, the use of intravenous 

antiplatelets within 5 days before the index date, and the use of fibrinolytics within 5 days 

before the index date. 

Medication exposure and analysis populations 
The index date was defined as the date of the first prescription of either rivaroxaban (test 

drug) and warfarin (active comparator). In the follow-up period, current use of rivaroxaban, 

warfarin or other anticoagulants/antiplatelet drug windows were created first for each 

patient based on prescription refills and permissible gaps using the British National 

Formulary (BNF) codes, then periods of non-exposure were filled in between afterwards. 

Similar to the trial, the analysis population was split into three populations:

 » Per-protocol (PP) population: this population included patients who remained 

adherent to the first allocated treatment, i.e. either rivaroxaban or warfarin. 

Patients were censored at the end of the study period, when switching/stopping 

the allocated treatment, when lost to follow-up, or upon death. 

 » Intention-to-treat (ITT) population: this population included all patients, regardless 

of their adherence to their first treatment allocation. Patients were censored at 

the end of the study period, when lost to follow-up, or upon death. 

 » As-treated (time-varying) population: this population was constructed to take into 

account the time varying nature of the exposure to both study drugs in the routine 
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clinical care in addition to time-varying confounders (Section 2.5). Exposure and 

non-exposure windows in this population were additionally split into smaller 

windows to allow for time-varying confounders. Patients were censored at the end 

of the study period, when lost to follow-up, or upon death. 

Study outcomes 
As in the trial, the primary outcome of this study was the composite endpoint of stroke or 

systemic embolism. The primary outcome was assessed in the three analysis populations. 

The secondary outcomes were the composite endpoint of stroke, systemic embolism 

or vascular death (efficacy) and major bleeding (safety), both were assessed in the ITT 

population (similar to the trial). Vascular death was defined in the trial as any death that 

was not clearly non-vascular (e.g. due to myocardial infarction, stroke, heart failure, 

etc.). Major bleeding was defined in the trial as postoperative bleeding occurring after 

the first postoperative study dose; fatal bleeding; bleeding at a critical site or in a critical 

organ; overt bleeding warranting treatment cessation; bleeding leading to re-operation; 

clinically overt bleeding associated with a fall in hemoglobin of 2 g/dL or more or leading 

to a transfusion of 2 or more units of blood. In this study, major bleeding was defined as 

any bleeding at a critical site or organ as follows: gastrointestinal intracranial, intraspinal, 

intraocular, pericardial, intra-articular, intramuscular with compartment syndrome, 

retroperitoneal. The Read codes that were used to identify all study outcomes can be 

found in Supplementary 1. 

Confounding adjustment 
The analysis of the primary and secondary efficacy outcomes was adjusted for the following 

potentially confounding variables: age, sex, blood pressure (systolic and diastolic), body 

mass index (BMI), smoking status, alcohol consumption, CHA2DS2-VASc score [27], 

coexisting conditions (previous stroke, systemic embolism, transient ischaemic attack, 

congestive heart failure, hypertension, diabetes mellitus, previous myocardial infarction, 

peripheral vascular disease, chronic obstructive pulmonary disease), kidney functions, 

previous use (12 months prior the index date) of warfarin/oral factor Xa inhibitor/

aspirin, statins, calcium channel blockers, angiotensin converting enzyme inhibitors, 

angiotensin II blockers, diuretics, beta-blockers, centrally acting antihypertensive drugs, 

alpha-adrenoceptor blocking antihypertensive drugs, antipsychotics, selective serotonin 

reuptake inhibitors, non-steroidal anti-inflammatory drugs, antiarrhythmic drugs, nitrates, 

and antidiabetics. 

In the addition to the previously mentioned confounders (except for CHA2DS2-VASc 

score), the following confounders were adjusted for in the analysis of the risk of major 

bleeding: gastritis, oespophagitits, history of bleeding, liver functions, and the use of 

proton pump inhibitors/histamine 2 receptor antagonists. All confounders have been 

reported in the literature as risk factors for the outcomes. 
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In the analysis of the primary outcome in the ITT and PP populations, and the secondary 

efficacy and safety outcomes in the former (i.e. time-fixed analysis), all confounders were 

assessed at cohort entry (the use of confounding prescription drugs was assessed six 

months prior the index date except for the use of proton pump inhibitors/histamine 2 

receptor antagonists which was assessed three months before the index date). In the time-

varying analysis of the primary outcome in the as-treated population, we distinguished 

between different types of confounders: confounders that are time-varying and possibly 

have a direct (i.e., instantaneous) effect on the outcome (Type 1); confounders that are 

time-varying, yet have a chronic character where the effect on the outcome may be 

delayed (Type 2); confounders that are time-varying, yet can only change in one direction 

(Type 3); and confounders that are not time-varying (Type 4). The adjustment of these 

confounders were as follows:

 » Type 1: each time the status of these confounders changes, the information 

in the datasets was updated. Hence, confounder information was assessed at 

the moment the exposure changes (start / stop / switch) as well as when then 

confounder status changes (start / stop / switch).

 » Type 2: the exact timing of changes in the confounder status is probably less 

important. Therefore, information about the confounder status was updated at 

the moment (i) the exposure changes (start / stop / switch), and (ii) if exposure 

remained constant every six months.

 » Type 3: these concern chronic conditions that, once diagnosed, do not disappear 

anymore. Furthermore, the exact timing of changes in the confounder status is 

probably less important. Therefore, information about the confounder status was 

updated at the moment of diagnosis and the status remained the same afterwards.

 » Type 4: these confounders are measured at cohort entry.

Statistical analysis  
The primary hypothesis of the study was that rivaroxaban is non-inferior to warfarin in 

the reduction of the risk of stroke or systemic embolism (the primary outcome). This 

hypothesis was tested in the three analysis populations using Cox proportional hazards 

regression models. The hazard ratios (HRs) of the primary outcome in these populations 

were estimated after adjusting for all confounders. Non-inferiority of rivaroxaban to 

warfarin was considered to be demonstrated if the 95% confidence interval (CI) of each 

HR lies entirely below the non-inferiority margin (HR: 1.46). This margin was used in 

the ROCKET AF trial, which was defined based on the limit of the 95% CI of the risk ratio 

of warfarin vs. placebo in the reduction of stroke, or systemic embolism that was pooled 

from 6 placebo-controlled trials in patients with AF (i.e. non-inferiority was analyzed using 

the fixed-margin method) [1, 28, 29]. To assess the primary outcome, a minimum of 2,300 

patients in each group will provide a power of at least 80% to demonstraste non-inferiority 

of rivaroxaban to warfarin. These calculations were based on the non-inferiority margin 
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HR 1.46, one-sided significance level of 0.025, a mean follow-up time of 2 years, and an 

event rate of the primary outcome of 2.3% per patient-years in both study groups with an 

anticipated HR of 1. The HRs of the secondary outcomes were also estimated using Cox 

proportional-hazards regression models after adjusting for all confounders. The HRs of 

the primary and secondary outcomes were compared to those of the ROCKET AF trial. 

A proportion of values were missing for some confounders (BMI=71.3%, systolic 

and diastolic blood pressure=19.1%, kidney functions=34.0%, smoking status=39%). 

Therefore, sensitivity analyses were conducted to assess the impact of missingness on 

all study outcomes. The missing values were assumed to be missing at random and 

were multiply imputed by means of multiple imputation by chained equations (MICE) to 

create five imputed datasets: the continuous confounders were imputed using predictive 

mean matching, the binary confounders were imputed using logistic regression, and 

the categorical confounders were imputed using polytomous regression. The estimated 

coefficients and variances from the imputed datasets were pooled using Rubin’s  

rule [30, 31]. 

All efficacy outcomes were planned to be compared in patients who met the eligibility 

criteria of the trial vs. those who would have been excluded in the trial (mainly due to safety 

reasons). The exclusion criteria of the trial were applied to determine patients who are 

excluded. However, and due to the missing kidney functions in one-third of the included 

patients in this study, this comparison was performed in the sensitivity analyses after 

imputing missing values. A variable that classified those who met and those who did not 

meet the exclusion criteria was included in the Cox regression models of the sensitivity 

analyses, and an interaction term with the treatment variable was added to assess the effect 

of rivaroxaban vs. warfarin in those two patient categories.  

All statistical analyses were conducted using RStudio Version 1.1.383. Multiple 

imputation (sensitivity analysis) was performed using the ‘mice’ package in RStudio [32]. 

Results
Primary (original) analyses  
We included 25,473 non-valvular AF patients who were incident users of either rivaroxaban 

or warfarin (Table 1). The median follow-up time of rivaroxaban was lower compared with 

warfarin (1.14 vs. 2.61 years, respectively). The baseline characteristics and the differences 

in the distribution of some confounders are provided in Table 1. 

The unadjusted incidence rates of the primary outcome in the three analysis populations 

are shown in Table 2. The incidence rates in all three analysis populations were lower 

compared with those of the trial (Table 2). However, and similar to the trial, non-inferiority 

of rivaroxiban to warfarin was demonstrated in all three analysis populations: HR=1.04 

(95%CI 0.84 to 1.30) in ITT population, HR=0.98 (95%CI 0.70 to 1.38) in the PP population, 

and HR=1.11 (0.86 to 1.42) in the as-treated population. 
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Table 1. Baseline characteristics of the intention-to-treat population  

Baseline characteristic
Rivaroxaban
N=4,008

Warfarin
N=21,465

Difference 
(P-value)*

Age
 Median 
 IQR

77
14

76
13

0.006

Gender no. (%) 
Male 
Female 

2,200 (54.9)
1,808 (45.2)

12,107 (56.4)
9,358 (43.6)

0.08

BMI
Median 
IQR

28.2
7.3

28.2
7.4

0.51

Systolic BP 
Median 
IQR

132
21

132
22

0.25

Diastolic BP 
Median 
IQR

78
13

78
13

0.11

Patients met exclusion criteria. no (%) 143 (3.6) 1,317 (6.1) <0.001
Previous use of anticoagulants  
(vitamin K or DOAC)/aspirin

2,296 (57.3) 14,392 (67.0) <0.001

History of stroke, transient ischemic attack, or systemic 
embolism. no (%) 

337 (8.4) 1,884 (8.8) 0.46

CHA2DS2-VASc risk score. no (%)
0
1
2
3
4
50
à6

165 (4.1)
434 (10.8)
710 (17.7)
1,009 (25.2) 
952 (23.8) 
480 (12.0)
258 (6.4) 

924 (4.3)
2,043 (9.5)
3,792 (17.7)
5,240 (24.4) 
5,307 (24.7) 
2,675 (12.5)
1,484 (6.9) 

0.12

Hypertension. no (%) 2,477 (61.8) 13,583 (63.3) 0.07
Ischemic heart disease. no (%) 818 (20.4) 5,224 (24.3) <0.001
Peripheral arterial disease. no (%) 151 (3.8) 907 (4.2) 0.19
Deep vein thrombosis/pulmonary embolism. no (%) 98 (2.4) 752 (3.5) <0.001
Congestive heart failure. no (%) 417 (10.4) 2,786 (13.0) 0.001
Major bleeding. no (%) 688 (17.2) 3,253 (15.2) 0.001
Diabetes mellitus. no (%) 741 (18.5) 3,756 (17.5) 0.14
Chronic obstructive pulmonary disease. no (%) 434 (10.8) 2,224 (10.4) 0.39
Kidney functions (reduced creatinine clearance). no (%) 

Normal 
Mildly impaired (80– 50 ml/min)
Moderately impaired (50-30 ml/min)
Severely impaired (<30 ml/min)

2,029 (77.2)
395 (15.0)
183 (7.0)
22 (0.8)

10,866 (76.6)
1,924 (13.6)
1,182 (8.3)
212 (1.5)

0.001

Smoking history. no (%) 
Never smokers
Current smokers 
Former smokers 

1,452 (36.4)
305 (11.1)
2,093 (52.5)

8,050 (37.6)
2,185 (10.2)
11,152 (52.1)

0.14
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Opposite to the trial, the incidence rates (unadjusted) of the composite endpoint of 

stroke, systemic embolism, or vascular death of rivaroxaban and warfarin were higher 

(Table 3). Addtionally, the hazard of this composite endpoint was higher in rivaroxaban: 

HR=1.18 (95%CI 1.03 to 1.34). In the trial, the risk was lower in the rivaroxaban group. 

Although the incidence rates of major bleeding were higher in both groups in comparison 

with the rates in the trial (Table 3), the HR and the 95% of rivaroxaban vs. warfarin were 

similar to those of the trial. 

Sensitivity analyses 
The results of the sensitivity analysis of the primary outcome were consistent with those 

of the original analyses in those who did not meet the exclusion criteria of the trial (ITT 

population: HR 1.03 [95%CI 0.82 to 1.30], PP population: 0.96 [95%CI 0.67 to 1.38], as-

treated: HR 1.07 [95%CI 0.82 to 1.41]). On the other hand, non-inferiority of rivaroxaban 

to warfarin in the primary outcome was not shown in those who met the exclusion criteria 

Table 1. (continued)

Baseline characteristic
Rivaroxaban
N=4,008

Warfarin
N=21,465

Difference 
(P-value)*

Liver functions (elevated liver enzymes). no (%) 
Normal liver functions 
Mildly elevated (< 3 UNL) 
Severely elevated (>3UNL) 

3,949 (98.5)
57 (1.4)
2 (0.1) 

21,236 (98.9)
216 (1.0)
13 (0.1) 

0.19

Cancer. no (%) 1,698 (42.4) 8,121(37.8) <0.0001
GERD/Gastritis. no (%) 993 (24.8) 4,836 (22.5) 0.002
Anemia. no (%) 58 (1.4) 266 (1.2) 0.32
Aspirin. no (%) 1,057 (26.4) 7,569 (35.3) <0.0001
Antiarrhythmic agents. no (%) 644 (16.1) 4,876 (22.7) <0.0001
NSAIDs. no (%) 191 (4.8) 1,558 (7.3) <0.0001
Antiplatelets. no (%) 1,874 (46.8) 12,670 (59.0) <0.0001
SSRIs. no (%) 313 (7.8) 1,477 (6.9) 0.04
Antidiabetics. no (%) 524 (13.1) 2,749 (12.8) 0.66
Statins. no (%) 1,925 (48.0) 10,594 (49.4) 0.13
Calcium channel blockers. no (%) 1,391 (34.7) 7,776 (36.2) 0.06
ACEIs/A2RBs. no (%) 1,911 (47.7) 11,480 (53.5) <0.0001
Diuretics. no (%) 1,337 (33.4) 9,173 (42.7) <0.0001
Beta blockers. no (%) 1,744 (43.5) 10,914 (50.8) <0.0001
Centrally-acting antihypertensive agents. no (%) 35 (0.9) 210 (1.0) 0.59
Alpha blockers. no (%) 541 (13.5) 3,072 (14.3) 0.18
Antipsychotics. no (%) 112 (2.8) 649 (3.0) 0.46
Nitrates. no (%) 158 (8.7) 1,034 (11.4) <0.0001
Proton-pump inhibitors/Histamine-2 receptor 
antagonists. no (%)

995(24.8) 4,836 (22.5) 0.002

* Estimated using Mann-Whitney U test for continuous variables and Chi-square test for binary and 
categorical variables
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(ITT population: HR 1.20 [95%CI 0.52 to 2.75], PP population: 1.20 [95%CI 0.29 to 

4.92], as-treated: HR 1.54 [95%CI 0.63 to 3.79]). This inconsistency was also observed 

in the sensitivity analysis of secondary efficacy outcome (the composite endpoint of 

stroke, systemic embolism or vascular death). In those who did not meet the exclusion 

criteria, warfarin was superior to rivaroxaban in the prevention of this outcome (similar to 

the original analysis). In those who did met the exclusion criteria, the result was different 

(HR 1.18 [95%CI 0.71 to 1.96]). However, the 95%CIs in the HRs of those who did not 

meet the eligibility criteria were very wide. This is reflective of the number of those who 

met the exclusion criteria compared with those who did not meet these criteria (1,460 vs. 

15,750, respectively). Finally, the result of the sensitivity analysis of major bleeding was 

consistent with that of the original analysis (HR 1.04 [95%CI 0.91 to 1.18]). 

Discussion 
Non-inferiority of rivaroxaban to warfarin in the prevention of stroke or systemic embolism 

was demonstrated in routine clinical care in three analysis populations (similar to 

the ROCKET AF trial). These findings are supportive for the effectiveness of rivaroxaban; 

however, a precise comparison of the results with a broader patient population was not 

possible due to the small number of patients who met the exclusion criteria of the trial. 

Similar to previous replication studies, we used an active comparator that has 

a similar probability of being prescribed for the indication to that of the test drug 

(both are first-line treatment with no preference for one over another) and include  

incident-users [13-18]. That helped in achieving an equal distribution of CHA2DS2-VASc 

between both groups. We also applied the inclusion and exclusion criteria of the trial and 

Table 3. Results of the analysis of the secomdary outcomes (efficacy and safety) in the observational 
study compared with the ROCKET AF trial 

Outcome

Observational study ROCKET AF trial 

Rivaroxaban Warfarin Rivaroxaban Warfarin

Composite endpoint of 
stroke, systemic embolism, 
or vascular death

Number of events
Event rate: number/100 
person-years
Hazard ratio (95%CI)

274
5.03

1.18 (1.03 to 1.34)

3,123
4.76

Reference

346
3.11

0.86 (0.74 to 0.99)

410
3.63

Reference 
Major bleeding

Number of events
Event rate: number/100 
person-years
Hazard ratio (95%CI)

294
5.68

1.07 (0.95 to 1.21)

2,849
4.72

Reference

395
3.60

1.04 (0.90 to 1.20)

386
3.40

Reference 
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tried to assess the comparison between rivaroxaban and warfarin, with regard to the efficacy 

outcomes, in those who did not meet vs. those who met the trial’s exclusion criteria. 

However, we found that most patients in our study were from the former category, which 

affected the precision of the analysis in patients who met the exclusion criteria (the 95%CIs 

of the HR of the comparison of rivaroxaban with warfarin in all efficacy outcomes were 

very wide among those who met the exclusion criteria). The results of analyzing the safety 

outcome were consistent with the trial; however, the findings of analyzing the secondary 

efficacy outcome were opposite to those of the trial (more stroke, systemic embolism or 

vascular death in the rivaroxaban treatment group compared to warfarin). 

The proportion of patients with previous or coexisting vascular conditions in our study 

is smaller compared with that of the trial participants. The patients in our study have 

smaller percentage of previous strokes, systemic embolisms or transient ischemic attacks 

compared with patients in the trial (8.6% vs. 54.8% respectively). Similarly, the percentage 

of patients with congestive heart failure in our study is very low (12.0 vs. 62.5%). This might 

have contributed to having lower rates of the primary outcome in both groups of our study 

compared with those of the trial. 

Our study included design features (e.g. incident-user design, the use of active 

comparator, the use of a time-varying [as-treated] population, mimicking the eligibility 

criteria and outcome definitions of the trial, etc.) that combat confounding (e.g. confounding 

by indication and immortal-time bias), and direct the attribution of the differences in 

the findings between our study and the trial to reasons other than having broader patients 

populations. However, the target population of the trial is mostly treated in real-world 

settings (i.e. the proportion of patients who did not meet the exclusion criteria was small). 

This affected the precision of the analysis in those who did not meet the exclusion criteria. 

Another limitation in our study was the missing values of some confounders which ranged 

from 0.39% to 71.3%; however, the results of the imputed models were consistent with 

those of the original ones. 

Conclusion
In concordance with the ROCKET AF trial, non-inferiority of rivaroxaban to warfarin in 

the prevention of stroke or systemic in patients with atrial fibrillation was demonstrated in 

routine clinical care using EHRs. However, a future study that allows for a comparison of 

the results with larger different subgroups would provide more data on the effectiveness 

of rivaroxaban, the usefulness of EHRs in effectiveness research, and the applicability of 

non-inferiority analysis in observational settings. 
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With the aim of providing safer, easier to administer, or less expensive alternative treatments 

or prevention strategies, non-inferiority trials have become a key design in assessing relative 

efficacy of medical interventions [1-7]. However, non-inferiority trials are more complex 

than conventional superiority trials. What contributes to the complexity is the reliance on 

data from other trials and the absence of direct evidence of achieving assay sensitivity. 

A central issue is the choice of the non-inferiority margin [7-14]. Regulators recommend 

that the margin should be defined based on statistical and clinical considerations using 

the historical trials of the active comparator against for instance a placebo. Nevertheless, 

there is no consensus on a preferred method for this [7-14], and data about the most 

common method(s) used are limited due to the under-reporting of the methods to define 

the margin in the current literature [15-19]. 

Observational studies are more and more being used to evaluate effectiveness of 

drugs in daily practice [20-24]. This is important as randomized trials, due to the often 

applied strict inclusion and exclusion criteria for anticipated patients, may have limited 

generalizability [20-24]. Nevertheless, there are major concerns regarding the validity 

of results of observational studies that assess drug effectiveness due to confounding by 

indication bias and other possible biases [20-25]. Replicating the strict design features 

of randomized trials in observational studies is an attempt to evaluate the usefulness 

of the latter in assessing drug effectiveness, however, the application of observational 

replication studies to assess non-inferiority is limited [26-33]. 

Approaches of defining the non-inferiority margin 
In this thesis, we aimed to provide an overview of the methods used to define the non-

inferiority margin to gain more insight into the challenges of designing non-inferiority 

trials. Among several reviews on the quality of published non-inferiority trials, only one 

(published in 2005) provided details on the proportion of non-inferiority margins that 

were defined based on the historical evidence of the active comparator (the approach 

recommended by regulators). In that review, only 25 of 314 (8%) margins were defined 

based on that approach [17]. In CHAPTER 2.1, we found a higher proportion of using 

the historical evidence to define the margin compared to the 2005 review (47 of  

273 [17.2%]) in non-inferiority trials indexed in PubMed from 1996 to 2015. Defining 

the margin based on the effect estimate of the active comparator from its historical 

trials was the most commonly used method of the historical evidence approach (34 of 

47 [70%]), followed by defining the margin based on the limit of the 95% confidence 

interval (CI) of the historical effect estimate that is the closest to the null effect (13 of 

47 [30%]). The latter method is the recommended method by the U.S. Food and 

Drug Administration (FDA). We also did not find a trend of improvement in reporting 

the method of defining the margin, the method was not reported in more than half of 273 

trials, which is consistent with the range of under-reporting identified in previous reviews  

(54.3% to 84.7%) [15-19, 34-36]. 
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In CHAPTER 2.1, we showed that when the margin is chosen based on the historical 

evidence of the active comparator, non-inferiority is mainly analyzed using three methods: 

the point-estimate, the fixed-margin (recommended by the FDA), and the synthesis methods 

(the latter is rarely used). The margin in the point-estimate and the synthesis methods is 

defined based on the effect estimate of the active comparator from the historical trials, 

and the margin in the fixed-margin method is defined based on the limit of the 95%CI 

of that effect estimate that is the closest to the null effect. The difference between these 

methods is how they account for the uncertainty in the effect estimate of the active 

comparator in the historical trials. In CHAPTER 2.2, we demonstrated, using the data of 

two non-inferiority trials, that this difference in the considerations about the uncertainty 

in the effect estimate led to different conclusions of non-inferiority per trial when different 

methods were used to analyze non-inferiority. For instance, the combination of aspirin and 

extended-release dipyridamole was found to be inferior to clopidogrel for the prevention 

of recurrent strokes in the PRoFESS trial (HR 1.01; 95% CI 0.92 to 1.11, non-inferiority 

margin HR 1.08).  The fixed-margin method, which takes into account the uncertainty in 

the effect estimates of the active comparator from the historical trials, was used to analyze 

non-inferiority in that trial. However, when we re-analyzed this outcome using the point-

estimate method (which assumes that variability in the effect estimates in constant), non-

inferiority was demonstrated (the upper limit of the 95% CI did not exceed the alternative 

non-inferiority margin that we defined based on this method: HR of 1.17). We also showed 

in CHAPTER 2.2 that the difference in the conclusion of non-inferiority in our analysis of 

the two trials was attributed not only to the level of heterogeneity of the effect estimates 

in the historical trials, but also to the sensitivity of the outcome measure (e.g. relative risk 

vs. risk difference) to this heterogeneity. 

The use of a single non-inferiority margin to analyze non-inferiority for an entire 

pharmacological or therapeutic class is accepted by regulators for some classes 

[37-39]. However, no study has been conducted to assess the impact of this approach 

on the conclusions regarding non-inferiority. In CHAPTER 2.3, we showed that using 

a single margin or a single preserved fraction to analyze non-inferiority for the use of 

hydroxymethylglutaryl-CoA reductase inhibitors in the treatment of primary hyperlipidemia 

and mixed dyslipidemia was inappropriate. This is because the single margin or the margin 

that was defined based on a single preserved fraction may 1) be too wide or too narrow 

for the analysis of non-inferiority depending on the effect size of the comparator statin 

from the historical trials, or 2) result in thresholds of demonstrating non-inferiority that vary 

between comparator statins (i.e. non-inferiority could be demonstrated more easily with 

some statins compared with others). 
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Regulatory challenges in the design of non-
inferiority trials  
A previous study found that many questions were sent by pharmaceutical companies about 

the design of non-inferiority trials to the European Medicines Agency (EMA) in the context of 

scientific advice, with the choice of the non-inferiority margin as the main concern (the EMA 

accepted only 49% [42 of 86] of the margins that were suggested by pharmaceutical 

companies in 2008 and 2009) [40]. In CHAPTER 3.1, we did not find an improvement in 

the EMA’s acceptance of the margin in 2014 and 2015 with even a lower proportion of 

accepted margins [25 of 61 [41%]); even though most of them were defined based on 

the recommended approach by regulators (i.e. clinical and statistical considerations). This 

is because the EMA did not accept either the clinical or statistical considerations or both. 

We also did not identify a common statistical approach to define the margin (i.e. whether 

the margin was defined based on the effect estimate or the limit of its 95% CI that is 

the closest to the null effect of the active comparator from historical evidence). In CHAPTER 

3.2, we found that the main concern with these margins was in making decisions about 

their strictness from clinical perspective (i.e. clinical considerations). The EMA provided 

recommendations for an alternative choice of the rejected margins, and we found that 67% 

of these recommendations were followed by pharmaceutical companies, and thus 33% 

were ignored. The main reason for ignoring these recommendations by pharmaceutical 

companies was that they were already accepted by the FDA. The proportion of approved 

drugs by the EMA for which recommendations were and were not followed were similar; 

however, the numbers were insufficient for a statistical testing. 

Emulating non-inferiority trials in real-world 
settings 
In CHAPTER 4, non-inferiority of rivaroxaban to warfarin in the prevention of stroke or 

systemic embolism in patients with atrial fibrillation was confirmed in routine clinical care. 

Using a retrospective cohort study, we emulated the design of the ROCKET AF trial in 

a population similar to that of the trial and we compared the results in a broader population 

(this comparison was limited due to the low numbers in the latter population). The results 

of this study provide supportive evidence to the effectiveness of rivaroxaban and add data 

to the evidence that was gathered from previous emulation studies on the usefulness of 

this approach to assess drug effectiveness [26-33]. The FDA and the EMA expressed their 

intention in finding the better approach in utilizing EHR-based observational studies to 

supplement those of RCTs in regulatory decision-making [32, 41, 42]. Emulating the design 

of RCTs is one of the recently tested approaches, however, the extent of the applicability 

of this approach in non-inferiority has not been assessed apart from our study [26-33]. 
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Thesis aims and conclusions
Aim 1: To provide an overview of the methods used to define the non-
inferiority margin

 » The choice of the non-inferiority margin was not reported for more than 50% of 

the margins in published non-inferiority trials 

 » Most non-inferiority margins in published trials are not defined based on the approach 

recommended by regulators (i.e. clinical and statistical considerations) 

 » When the approach recommended by regulators was used, two statistical 

considerations were followed: defining the margin based on the (pooled) point 

estimate of the active comparator from the historical trials or the limit of its 95%CI 

that is the closest to the null effect

 » Although margins based on 50% preservation of effect were most common, a wide 

range of preserved fractions was applied 

 » Using a single margin or a preserved fraction to analyze non-inferiority for an entire 

pharmacological class may lead to inappropriate judgement of non-inferiority 

Aim 2: To give insight into the regulatory challenges in designing non-
inferiority trials

 » Most discussions between the EMA and pharmaceutical industry about the design 

of non-inferiority trials concerned the non-inferiority margin 

 » The EMA rejects the majority of the initial choice of the margin by pharmaceutical 

companies with different justifications for these rejections 

 » Not all recommendations from the EMA concerning the choice of the margin were 

accepted by pharmaceutical companies with the lack of a consensus with the FDA 

as the main reason 

Aim 3: To assess the potential for non-inferiority trial emulation using 
real-world data

 » Non-inferiority of rivaroxaban to warfarin in the prevention of stroke or systemic in 

patients with atrial fibrillation was confirmed in routine clinical care 

 » Further assessment of observational emulation studies is needed to build more body 

of evidence toward the usefulness of these studies in assessing drug effectiveness 

Strengths 
The work in this thesis has several strengths. First, and in contrast to previous systematic 

reviews, our systematic review of the approaches used to define the margin in the published 

trials did not only include a detailed description of these approaches, but also the impact 

of several factors on the reporting and the choice of the approach. Second, we tried to 

summarize the common methods of defining the margin based on the clinical and statistical 

approach in an overview that is directed to all health care professionals (the expert and 
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non-expert on the subject matter). Third, we completed the first investigation of the impact 

of using a single margin or a single preserved fraction on the conclusion of non-inferiority. 

This thesis was also the first to utilize a regulatory database to identify the approaches 

of defining the non-inferiority margin (with the acceptance level of these methods), and 

to assess the impact of the regulatory dialogue between regulators and pharmaceutical 

companies on the final choice of the margin and on drug approval decisions. Finally, this 

thesis includes the first attempt to emulate the findings of a randomized trial in real-world 

setting from a non-inferiority perspective. 

Thesis limitations 
Our assessment of the choice of the margin would have been more informative if this 

choice would have been reported more often in the published trials.  Additionally, our 

investigation of this choice in the published trials was limited to trials indexed only in 

PubMed and did not include open-label trials. 

Our assessment of the application of different methods to define the margin and 

different methods to analyze non-inferiority was limited to the area of cardiovascular drug 

therapy (anticoagulants, antiplatelets, and statins). Another limitation in this project is that 

the assessment of the regulatory challenges in the design of these trials was only performed 

from a European perspective without comparative data from the FDA. Furthermore, 

the number of EMA recommendations about the choice of the margin that are linked to 

drug approval decisions in Europe was small. Therefore, we could not draw a statistical 

conclusion on the impact of following these recommendations on drug approval decisions 

in Europe. Finally, when emulating a non-inferiority trial using observational data, it was 

not be possible to exactly emulate the design features of the trial (i.e. not all inclusion 

or exclusion criteria were applicable, the missingness in some confounders, meeting 

the definition criteria of some secondary outcomes), and the numbers were too low to 

study patient subgroups who were excluded or were insufficiently represented in the trial.  

Implications and future research
The studies presented in this thesis underline the need for a unified approach in defining 

the non-inferiority margin especially among regulators. It is confusing for marketing 

authorization holders, researchers, review boards of scientific journals and regulators 

themselves when the FDA and EMA use different criteria to define a non-inferiority 

margin. The lack of consensus leads to the use of inconsistent approaches to define a non-

inferiority margin. This may have an impact on the conclusion of non-inferiority and when 

the study is a pivotal trial in a registration dossier also on the decision to allow a drug 

on the market. A consequence might even be that the FDA and EMA come to different 

conclusions on marketing approval. It is important that the worldwide most dominant 

regulatory bodies come to a consensus on how to define a non-inferiority margin. Future 

research with comparative data from the FDA would be helpful in reaching this consensus. 
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Editors of journals should set the standard on how the choice of a non-inferiority margin 

should be motivated when reporting the results of a randomized non-inferiority trial. This 

is important to be able to judge the validity of the non-inferiority margin and therefore 

the interpretation of the outcome results of a trial. Furthermore, researchers should be 

further trained in the design choices when performing a non-inferiority trial. Statistical and 

clinical advice should be part of defining a non-inferiority margin. 

Further research in assessing the effectiveness of drugs in daily practice is relevant. 

Not only to show that patients similar as the ones that participated in randomized trials 

have similar effects but also to be able to study the effectiveness in patient subgroups 

excluded or in numbers insufficiently present in those trials. This information is relevant 

for regulatory authorities to be informed how drugs accepted for the market based on 

premarketing studies perform in daily practice. And maybe new knowledge derived 

from patient groups not studied in the premarketing phase may lead to label changes 

(like a broadening of the indication). Also health technology assessment organizations 

that want to know how a new drug compares to the available standard treatment(s) (to 

make reimbursement decisions) urge for valid methods to study drug effectiveness in  

daily practice.

When a drug has been shown to be superior in a premarketing study it is logical to also 

study superiority in daily practice. However, a substantial number of drugs are not superior 

to existing therapies and studying them in observational studies using a non-inferiority 

design is an important design option to study their performance in daily practice.

Conclusion 
Defining the non-inferiority margin is a challenging step in designing non-inferiority trials. 

However, a consensus among stakeholders will ease the process of making judgement on 

the results of these and the process of regulatory decision making. Journal editors should 

take notice on the under-reporting and set the standard on how the choice of a non-

inferiority margin should be motivated when reporting the results of a randomized non-

inferiority trial. Finally, further research in assessing the effectiveness of drugs, especially 

from a non-inferiority perspective, in daily practice is important for decision making for 

regulators and other stakeholders 



151

G
eneral d

iscussio
n

5

References
1. Temple T, Ellenberg SS. Placebo-

controlled trials and active-control trials 
in the evaluation of new treatments (Part 
1: ethical and scientific issues). Ann 
Intern Med 2000;133:455-63. 

2. Center for Biologics Evaluation and 
Research (CBER), Center for Drug 
Evaluation and Research (CDER), 
Food and Drug Administration, U.S. 
Department of Health and Human 
Services. Non-inferiority clinical trials to 
establish effectiveness [Online]. 2016 
[Accessed 2017 Feb 15]; Available from: 
URL: https://www.fda.gov/downloads/
Drugs/Guidances/UCM202140.pdf

3. Committee for Medicinal Products for 
Human Use, the European Medicines 
Agency. Guideline on the choice of 
the non-inferiority margin [Online]. 2005 
[Accessed 2016 Nov 01]; Available from: 
URL: http://www.ema.europa.eu/docs/
en_GB/document_library/Scientific_
guideline/2009/09/WC500003636.pdf 

4. Committee for Propriety Medicinal Products 
(CPMP). Point to consider on switching 
between superiority and non-inferiority. Br 
J Clin Pharmacol 2001;52(3):223-8.

5. ICH Expert Working Group. ICH 
Harmonised Tripartite Guideline: choice 
of control group in clinical trials (E 10) 
[Online]. 2000 [Accessed 2016 Nov 
01]; Available from: URL: http://www.
ich.org/fi leadmin/Public_Web_Site/
ICH_Products/Guidelines/Efficacy/E10/
Step4/E10_Guideline.pdf

6. ICH Expert Working Group. ICH 
Harmonised Tripartite Guideline: 
Statistical principles for clinical trials 
(E9) [Online]. 1998 [Accessed 2016 Nov 
01]; Available from: URL:http://www.ich.
org/fileadmin/Public_Web_Site/ICH_
Products/Guidelines/Efficacy/E9/Step4/
E9_Guideline.pdf 

7. Rothmann MD, Wiens BL, Chan IS. 
Design and analysis of non-inferiority 
trials. Boca Raton, Florida: Chapman & 
Hall/CRC; 2012. 

8. Rothmann M, Li N, Chen G, Chi GY, 
Temple R, Tsou HH. Design and analysis 
of non-inferiority mortality trials in 
oncology. Stat Med 2003;22(2):239-64.

9. Mulla SM, Scott IA, Jackevicius CA, You 
JJ, Guyatt GH. How to use a noninferiority 
trial: Users’ guides to the medical 
literature. JAMA 2012;308(24):2605-11.

10. Kaji AH, Lewis RJ. Noninferiority trials: Is 
a new treatment almost as effective as 
another? JAMA 2015;313(23):2371-2.

11. Schumi J, Wittes J. Through the looking 
glass: understanding non-inferiority. 
Trials 2011;12:106. 

12. Fleming TR, Odem-Davis K, Rothmann MD, 
Li Shen Y. Some essential considerations 
in the design and conduct of noninferiority 
trials. Clin Trials 2011; 8: 432–9.

13. Kaul S, Diamond GA. Good enough: 
a primer on the analysis and 
interpretation of noninferiority trials. Ann 
Intern Med 2006; 145:62–9.

14. Murthy VL, Desai NR, Vora A, Bhatt DL. 
Increasing proportion of clinical trials 
using noninferiority end points. Clin 
Cardiol 2012;35(9):522-3.

15. Wangge G, Klungel OH, Roes KC, 
de Boer A, Hoes AW, Knol MJ. Room 
for improvement in conducting and 
reporting non-inferiority randomized 
controlled trials on drugs: a systematic 
review. PLoS One 2010;5(10):e13550.

16. Rehal S, Morris TP, Fielding K, Carpenter 
JR, Philips PP. Non-inferiority trials: are 
they inferior? A systematic review of 
reporting in major clinical journals. BMJ 
Open 2016;6(10): e012594. 

17. Lange S, Freitag G. Choice of delta: 
requirements and reality-results 
of a systematic review. Biom J 
2005;47(1):12-27; discussion 99-107.

18. Hernandez AV, Pasupuleti V, Deshpande 
A, Thota P, Collins JA,Vidal JE. Deficient 
reporting and interpretation of non-
inferiority randomized clinical trials in 
HIV patients: a systematic review. PLoS 
One 2013 May 3;8: e63272.



152

G
eneral d

iscussio
n

5

19. Parienti JJ, Verdon R, Massari V. 
Methodological standards in non-
inferiority AIDS trials: moving from 
adherence to compliance. BMC Med Res 
Methodol 2006;6: 46.

20. Eichler HG, Abadie E, Breckenridge A et al. 
Bridging the efficacy–effectiveness gap: 
a regulator’s perspective on addressing 
variability of drug response. Nat Rev 
Drug Discov 2011;10(7):495-506.

21. McMahon AD. Approaches to combat 
with confounding by indication in 
observational studies of intended drug 
effects. Pharmacoepidemiology Drug 
Saf 2003;12(7):551-8.

22. McMahon AD. Observation and experiment 
with the efficacy of drugs: a warning 
example from a cohort of nonsteroidal anti-
inflammatory and ulcer-healing drug users. 
Am J Epidemiol 2001;154(6):557-62.

23. Grobbee DE, Hoes AW. Confounding 
and indication for treatment in evaluation 
of drug treatment for hypertension.  
BMJ 1997;315:1151-4.

24. Rossouw JE, Anderson GL, Prentice RL 
et al. Risks and benefits of estrogen plus 
progestin in healthy postmenopausal 
women: principal results from 
the Women’s Health Initiative randomized 
controlled trial. JAMA 2002;288:321-33.

25. Naudet F, Maria AS, Falissard B. 
Antidepressant response in major 
depressive disorder: a meta-regression 
comparison of randomized controlled 
trials and observational studies. PLoS 
ONE 2011;6(6): e20811.

26. Tannen RL, Weiner MG, Marcus SM. 
Simulation of the Syst-Eur randomized 
control trial using a primary care 
electronic medical record was feasible. 
JCE 2006;59:254-64.

27. Tannen RL, Weiner MG, Xie D, Barnhart 
K. A simulation using data from a primary 
care practice database closely replicated 
the women’s health initiative trial.  
JCE 2007;60:686-95.

28. Weiner MG, Xie D, Tannen RL. Replication 
of the Scandinavian Simvastatin Survival 
Study using a primary care medical 

record database prompted exploration 
of a new method to address unmeasured 
confounding. Pharmacoepidemiology 
Drug Saf  2008;17(7):661-70.

29. Tannen RL, Weiner MG, Xie D. Use of 
primary care electronic medical record 
database in drug efficacy research on 
cardiovascular outcomes: comparison 
of database and randomised controlled 
trial findings. BMJ 2009;338:b81. 

30. Flory JH, Mushlin AI. Observational and 
clinical trial findings on the comparative 
effectiveness of diabetes drugs showed 
agreement. JCE 2015;68(2): 200–10. 

31. Fralick M, Kesselheim A, Avorn J, 
Schneeweiss S. Use of health care 
databases to support supplemental 
indications of approved medications. 
JAMA Intern Med 2017;178(1):55-63.

32. Corrigan-Curay J, Sacks L, Woodcook 
J. Real-world evidence and real-world 
data for evaluating drug safety and 
effectiveness. JAMA 2018; 320(9):867-8.  

33. Schneeweiss S, Glynn RJ. Real-world data 
analytics fit for regulatory decision-making. 
Am J Law Med 2018. 44(2-3):197-217. 

34. Le Henanff A, Giraudeau B, Baron G, Ravaud 
P. Quality of reporting of noninferiority 
and equivalence randomized trials.  
JAMA 2006;295(10):1147–51. 

35. Schiller P, Burchardi N, Niestroj M, Kieser M. 
Quality of reporting of clinical non-inferiority 
and equivalence randomised trials–update 
and extension. Trials 2012;13:214. 

36. Donken R, de Melker HE, Rots NY, 
Berbers G, Knol MJ. Comparing 
vaccines: a systematic review of the use 
of the non-inferiority margin in vaccine 
trials. Vaccine 2015;33(12):1426–32. 

37. Center for Drug Evaluation and 
Research (CDER), Food and Drug 
Administration, U.S. Department of 
health and human services. Summary 
basis for regulatory action (pitavastatin) 
[online]. 2009 [Accessed 2017 
Feb 15]; Available at: http://www.
accessdata.fda.gov/drugsatfda_docs/
nda/2009/022363s000_ SumR.pdf 



153

G
eneral d

iscussio
n

5

38. Committee for Medicinal Products for 
Human use (CHMP). European Medicines 
Agency (EMA). Guideline on clinical 
investigation of medicinal products in 
the treatment or prevention of diabetes 
mellitus [online]. 2012 [Accessed 2017 
Feb 15]; Available at: http://www.ema.
europa.eu/docs/en_GB/ document_
library/Scientific_guideline/2012/06/
WC500129256.pdf 

39. Center for Biologics Evaluation 
and Research, Food and Drug 
Administration, U.S. Department of 
health and human services. Guidance 
for industry (clinical data needed to 
support the licensure of seasonal 
inactivated influenza vaccines) [online]. 
2007 [Accessed 2017 Sep 23]; Available 
at: https://www.fda.gov/downloads/ 
B io logicsBloodVaccines/Guidance 

ComplianceRegulatoryInformation/ 
Guidances/Vaccines/ucm091990.pdf    

40. Wangge G, Putzeist M, Knol MJ, Klungel 
OH, Gispen-De Wied CC, de Boer 
A, Hoes AW, Leufkens HG, Mantel-
Teeuwisse AK. Regulatory scientific 
advice on non-inferiority drug trials. 
PLoS ONE 8(9):e74818. 

41. European Medicines Agency. Final report 
on the adaptive pathways pilot [Online]. 
2016 [Accessed 2019 Feb 03]; Available 
from: URL: https://www.ema.europa.eu/
documents/report/final-report-adaptive-
pathways-pilot_en.pdf 

42. Khosla S, White R, Medina J et al. Real 
world evidence (RWE) – a disruptive 
innovation or the quiet evolution 
of medical evidence generation? 
[version 2; referees: 2 approved] 
F1000Research 2018; 7:111.





&Appendices





&Summary





159

A
p

p
end

ix

&

What makes non-inferiority trials difficult to design is the need to assess and incorporate 

the historical evidence of the active control in several aspects of these trials. The main 

contribution of this historical evidence to the design of a non-inferiority trial is in defining 

the non-inferiority margin (the most challenging aspect of these trials). There is no 

consensus among researchers and regulators on the proper approach to incorporate 

the historical evidence of the active control in non-inferiority trials especially in defining 

the non-inferiority margin. The appropriate consideration of these design challenges along 

with the proper conduct of the non-inferiority trial are crucial to achieve assay sensitivity 

in the trial (the ability of the trial to distinguish an effective drug from ineffective or less 

effective one). 

The general aims of this thesis were:

 » To provide an overview of the methods used to define the non-inferiority margin  

 » To give insight into the regulatory challenges in designing non-inferiority trials 

 » To assess the potential for non-inferiority trial emulation using real-world data 

 » These aims were addressed in different studies, presented in the various chapters 

of this thesis.

We presented a general introduction of this thesis in CHAPTER 1. In CHAPTER 2.1, we 

systematically reviewed the reporting of the approaches that were used to define the non-

inferiority margin in the published trials and the factors that contributed to the reporting 

of the approaches. Similar to previous quality reviews, we found that the approaches were 

not reported for more than 50% of the margins in the published non-inferiority trials. 

The only factor found to be positively related to reporting of these approaches was 

publication in a high-impact journal. Additionally, defining the margin based on clinical 

and statistical considerations (the recommended approach by regulators) and by expert 

opinion (investigators believe that the margin is proper for the analysis) were the most 

commonly used approaches to define the margin. In CHAPTER 2.2, we provided an 

overview on the utilization of the methods of the clinical and statistical considerations 

approach and on the methods of analyzing non-inferiority with illustrative examples. In 

CHAPTER 2.3, we found in a case study of statin non-inferiority trials that using a single 

non-inferiority margin or a single preserved fraction, an approach that is advocated by 

regulators, for an entire pharmacological class may lead to inappropriate conclusions of 

non-inferiority. 

In a comprehensive review of the regulatory dialogue between the EMA and 

pharmaceutical companies about the design of non-inferiority trials for drugs intended 

to be registered in Europe (CHAPTER 3.1), we found a high proportion of disagreement 

between both parties on the choice of several design aspects of these trials especially 

the non-inferiority margin. The extent of disagreement on the choice of the margin has not 

changed in comparison with a previous study (4 year-gap between the two studies). We 

also provided in the same chapter many details about the choice of the margin and other 
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design aspects that were acceptable or not acceptable by the EMA. In CHAPTER 3.2, we 

assessed the impact of the regulatory dialogue between the EMA and pharmaceutical 

companies (took place 4 years before CHAPTER 3.1) on the final choice of the margin and 

the consequences on drug approval decisions. It appeared that the main concern was in 

making decisions about the clinical considerations of the margin. Additionally, one third 

of the EMA recommendations were not followed because they were already accepted by 

the FDA. 

In CHAPTER 4.1, non-inferiority of rivaroxaban to warfarin in the prevention of stroke 

or systemic embolism in patients with atrial fibrillation was demonstrated in a real-world 

setting using an observational study. In this retrospective cohort study, we emulated 

the design of the ROCKET AF trial in most of its design features taking into account 

the aspect of non-inferiority analysis. The results of this study provide supportive evidence 

to the effectiveness of rivaroxaban and add data to existing knowledge on the usefulness 

of an emulation approach to assess drug effectiveness.  

In the general discussion (CHAPTER 5) the results of our thesis are summarized, 

the strengths and limitations of our research discussed and future implications for practice 

and further research are presented. 
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Het ontwerpen van een studie om non-inferioriteit van een geneesmiddel vast 

te stellen wordt bemoeilijkt door de noodzaak om het historische bewijs van de actieve 

controlebehandeling te beoordelen en op te nemen. Op basis van historisch bewijs wordt 

een non-inferioriteitsmarge gedefinieerd (één van de meest uitdagende aspecten van 

dergelijke onderzoeken). Er bestaat geen consensus tussen onderzoekers en registratie-

autoriteiten over de juiste aanpak om het historische bewijs van de actieve controle in non-

inferioriteitsonderzoeken op te nemen en dan met name voor het bepalen van de non-

inferioriteitsmarge. Toch is dit cruciaal voor de gevoeligheid van het onderzoek, dat wil 

zeggen het vermogen van de studie om een   effectief geneesmiddel te onderscheiden van 

een ineffectief of minder effectief geneesmiddel.

De algemene doelstellingen van dit proefschrift waren:

 » Een overzicht geven van de methoden die worden gebruikt om de non-

inferioriteitsmarge te definiëren;

 » Inzicht bieden in de regulatoire uitdagingen bij het ontwerpen van non-

inferioriteitsstudies; 

 » De mogelijkheid bestuderen van het uitvoeren van observationeel non-

inferioriteitsonderzoek 

Deze doelen werden behandeld in verschillende studies, gepresenteerd in de verschillende 

hoofdstukken van dit proefschrift.

HOOFDSTUK 1 bevat een algemene introductie tot dit proefschrift. HOOFDSTUK 2.1 

beschrijft de rapportage van de verschillende benaderingen om de non-inferioriteitsmarge 

vast te stellen op basis van gepubliceerde studies en factoren die daar mee samen 

hangen. Net als in eerder onderzoek vonden we dat in meer dan 50% van de gevallen de 

overwegingen om tot een marge te komen onvolledig worden gerapporteerd. De enige 

factor die positief kon worden gerelateerd aan de rapportage van de benaderingen was de 

publicatie in een high-impact tijdschrift. Bovendien waren het definiëren van de marge op 

basis van klinische en statistische overwegingen (de aanbevolen benadering door registratie 

autoriteiten) of op basis van inzicht van deskundigen (de onderzoekers menen dat de marge 

geschikt is voor de analyse) de meest gebruikte benaderingen om de marge te definiëren. 

In HOOFDSTUK 2.2 hebben we een overzicht gegeven van het gebruik van klinische 

en statistische methoden om te komen tot een non-inferioriteitsmarge en het gebruik 

van methoden om non-inferioriteitsstudies te analyseren. Daarbij worden verschillende 

illustratieve voorbeelden gegeven. HOOFDSTUK 2.3 beschrijft een toepassing van 

non-inferioriteitsanalyses in een voorbeeld van non-inferioriteitsonderzoek van statines. 

Hiermee wordt geïllustreerd dat het gebruik van een vaste non-inferioriteitsmarge voor een 

gehele klasse aan geneesmiddelen of een vast geconserveerde fractie, een benadering 

die wordt aanbevolen door registratie autoriteiten, kan leiden tot onterechte conclusies 

van non-inferioriteit. 
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In een uitgebreid overzicht van de communicatie tussen de European Medicines Agency 

(EMA) en farmaceutische bedrijven over het ontwerp van non-inferioriteitsonderzoek voor 

geneesmiddelen die bedoeld zijn om in Europa te worden geregistreerd (HOOFDSTUK 

3.1), vonden we dat veel van de discussies tussen de partijen gaat over de keuze van 

de non-inferioriteitsmarge. De mate van onenigheid over de keuze van de marge is niet 

veranderd in vergelijking met een eerdere studie (4 jaar eerder). In hetzelfde hoofdstuk 

worden veel details gegeven over de keuze van de marge en andere ontwerpaspecten 

die aanvaardbaar of niet aanvaardbaar waren voor de EMA. In HOOFDSTUK 3.2 hebben 

we de impact beoordeeld van eventuele discussie tussen de EMA en farmaceutische 

bedrijven op de uiteindelijke keuze van de non-inferioriteitsmarge en de gevolgen voor 

goedkeuringsbesluiten. Een belangrijke factor bleek de klinische overwegingen om te 

komen tot een bepaalde marge. Bovendien werd een derde van de EMA-aanbevelingen 

niet opgevolgd omdat keuzes in het ontwerp van de non-inferioriteitsstudies al waren 

aanvaard door de Amerikaanse FDA.

In HOOFDSTUK 4.1 werd non-inferioriteit van rivaroxaban versus warfarine voor 

de preventie van beroerte of systemische embolie bij patiënten met atriumfibrilleren 

bestudeerd in de dagelijkse praktijk op basis van een observationeel onderzoek. In 

deze retrospectieve cohortstudie hebben we het ontwerp van de ROCKET AF-studie 

nagebootst in de meeste ontwerpkenmerken, rekening houdend met het aspect van non-

inferioriteitsanalyse. De resultaten van dit onderzoek bieden ondersteunend bewijs voor 

de effectiviteit van rivaroxaban en voegen gegevens toe aan bestaande kennis over het 

nut van observationeel onderzoek om geneesmiddelen te beoordelen.

In de algemene discussie (HOOFDSTUK 5) worden de resultaten van deze thesis 

samengevat, worden sterke punten en beperkingen van het onderzoek besproken en 

worden toekomstige implicaties voor de praktijk en verder onderzoek gepresenteerd.
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 » University Medical Center Utrecht, Utrecht, the Netherlands - Clinical Epidemiology 

(MSc Epidemiology course), December 2016

 » University Medical Center Utrecht, Utrecht, the Netherlands - Classical methods of 

Data Analysis (MSc Epidemiology course), 23 October -23 November 2016

 » University Medical Center Utrecht, Utrecht, the Netherlands - Study Design in 

Etiologic Research (MSc Epidemiology course), 21 March -28 April 2016 

 » University Medical Center Utrecht, Utrecht, the Netherlands - Introduction to 

Statistics (MSc Epidemiology course), 22 February -11 March 2016

 » University Medical Center Utrecht, Utrecht, the Netherlands - Introduction to 

Epidemiology course, 07-18 September 2015

 » European Association of Hospital Pharmacists, Milan, Italy — The 17th Congress of 

the European Association of Hospital Pharmacists “Special patient groups - hospital 

pharmacists creating standards of care”, 21-23 March 2012
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 » London School of Hygiene and Tropical Medicine, London, the United Kingdom — 

Systematic Reviews of Health Research (Academic Short Course), 05-09  

September 2011

 » London School of Hygiene and Tropical Medicine, London, the United Kingdom — 

Epidemiological Evaluation of Vaccines (Academic Short Course), 11-22 July 2011

 » Pharmaceutical Training International, Riyadh, Saudi Arabia — Quality, Safety and 

Efficacy Evaluation of Pharmaceutical Product (program), 17-21 October 2009

 » King Faisel Specialist Hospital, Riyadh, Saudi Arabia — Pharmacotherapy Review 

Course, 1-2 May 2007 

 » Dubai International Exhibition Center, Dubai, United Arab Emirates — Medicines 

Regulation Workshop, 21 March 2007 

 » Dubai International Exhibition Center, Dubai, United Arab Emirates — Dubai 

International Pharmaceuticals & Technologies Conference & Exhibition (DUPHAT), 

20-22 March 2007 

 » Riyadh Chamber of Commerce & Industry, Riyadh, Saudi Arabia — 

Pharmacoeconomics Impact in Healthcare System (Meeting), 19 February 2007 

 » King Fahd Medical City, Riyadh, Saudi Arabia — International Diabetes Day, 22 

November 2006 

 » King Fahd Medical City, Riyadh, Saudi Arabia — First Annual Research Day, 22  

May 2006 

 » King Fahd Medical City, Riyadh, Saudi Arabia — Advanced Child Health International 

Conference, 5-7 December 2005

 » King Fahd Medical City, Riyadh, Saudi Arabia — Principles of Total Parenteral 

Nutrition and Tube Feeding, 2005

Referrals
Available upon requests




