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Introduction
During the last decades, there has been an increased focus on 
transparency in randomised clinical trials and medical 
research.1,2 This positive movement was enhanced and made 
accessible by international collaborations and guidelines, such 
as the CONSORT statement and the EQUATOR network.3,4 
These international consensus standards for reporting guide-
lines of research studies, including randomised clinical trials, 
have improved the quality of reporting and enhanced the abil-
ity to assess the risk of bias in medical research. Several other 
guidelines related to planning, conducting and analysing 

clinical trials currently exist.5 Cochrane has also published 
reviews evaluating methodology and statistics for clinical tri-
als.6,7 However, several specific methodological aspects of con-
ducting randomised clinical trials are still not optimised and 
systematised.

For decades, targeted temperature management was the 
choice of treatment worldwide to prevent brain injury and death 
in patients after out-of-hospital cardiac arrest.8,9 Targeted tem-
perature management was included in international guidelines 
based on the results of 2 small trials; however, both trials had 
methodological limitations.8,10,11 Years later, 2 major 
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randomised trials conducted with high methodological quality 
showed that targeted temperature management did not result in 
any beneficial effects on survival or neurological outcomes,12,13 
and now clinical practice is changing.14 This example is just one 
of many demonstrating that evidence based on just randomising 
and comparing groups is not sufficient–trials need to be con-
ducted with high methodological quality in all phases to pro-
vide reliable results. Unfortunately, most clinical research is not 
helpful or even misleading due to poor methodological quality, 
poor data quality and erroneous or biased analyses.15-20 There is 
an urgent need for trials of higher methodological quality to 
improve clinical care of patients worldwide.

Although randomised clinical trials have improved treat-
ment of patients worldwide, such trials may still have critical 
limitations caused by inadequate use and type of methodology, 
poor data quality and insufficient or biased analyses. There are 
several decisions to make when planning, conducting and ana-
lysing randomised clinical trials. These choices of methodology 
and statistics will influence the results. If the planned method-
ology is not predefined in detail, there is a risk of data-driven 
biased trial results. Therefore, conducting a randomised clinical 
trial requires strong methodological expertise and transparency, 
and poorly conducted trials may lead to biased results and 
wrong conclusions, compromising patients’ well-being.

Clinical trials may be affected by different errors, and we have 
chosen to categorise them as systematic errors (‘bias’), random 
errors (‘play of chance’) and trial design and conduct errors.21

Systematic errors

Systematic errors may be described as biases disproportioning 
weight in favour of or against one intervention over another.21-23 
In clinical research, systematic errors may cause investigators to 
draw erroneous conclusions about beneficial and harmful effects 
of an experimental intervention, damaging the validity of research 
results and therefore, they must be avoided.21,22,24 Systematic 
errors can be reduced by addressing sources of bias in trials, such 
as selection, performance, detection bias and attrition bias.25

Random errors

Random errors may be described as errors caused by the ‘play of 
chance’.26 Random errors have an impact on the results relia-
bility. Since they are inherent in all research requiring an infer-
ence process, they cannot be eliminated.21,26 However, they 
may among other things be reduced by limiting the number of 
outcome comparisons and by using adequate sample sizes with 
sufficient power to estimate intervention effects in randomised 
clinical trials.21,26

Trial design and conduct errors

Trial design and conduct errors may be described as all types of 
errors related to the design and conduct of trials. These errors 

can be inappropriate methodological choices that may lead to 
overestimating beneficial effects and underestimating harmful 
effects.21 There are several types of design and conduct errors 
including inappropriate use of surrogate outcomes without a 
demonstration of surrogacy, inappropriate use of composite 
outcomes, the choice of suboptimal comparator or a non-rele-
vant clinical question to investigate.21,27 As a consequence of 
these errors, the trials results may be hard to interpret clinically 
and without relevance to the patients.21

A common example of inadequate methodology is how 
most statistical methods require validation of underlying statis-
tical assumptions to ensure the validity of results of randomised 
clinical trials and under some circumstances to optimise statis-
tical power.28 Our group has previously conducted a review of 
randomised clinical trials published in major medical journals 
to investigate whether the underlying statistical assumptions 
were predefined, assessed and reported.28 Based on the identi-
fied trials, we concluded that trialists rarely report if or how 
underlying statistical assumptions are validated.28 We also dis-
covered that there were no clear recommendations or guide-
lines for this issue. We therefore formed a group of experienced 
statisticians and trialists and reached a consensus on detailed 
recommendations for how to assess the underlying statistical 
assumptions.29

Evidence-based medicine has gained interest over the past 
decades with its integration of the best available evidence, clin-
ical expertise, clinical practice and values of the patients.30,31 
However, poor methodology is a serious concern for medical 
research resulting in inadequate treatments and waste of 
resources.16-20 Poor methodology may be especially pronounced 
in academic trials.32 Several of these methodological issues are 
caused by the lack of international recommendations for plan-
ning, conducting and analysing randomised clinical trials. We 
believe that developing recommendations for statistical and 
methodological issues based on international consensus will 
ultimately increase the validity of randomised clinical trial 
results.

This article describes the aim of The Centre for Statistical 
and Methodological Excellence (CESAME) focusing on 
developing and optimising statistical and methodological 
issues within randomised clinical trials. CESAME will develop 
and communicate statistical and methodological guidelines for 
specific issues to minimise the risks of errors in randomised 
clinical trials. This will ultimately benefit patients worldwide. 
The CESAME approach and this article are partially inspired 
by the STRATOS initiative.33

The Centre for Statistical and Methodological 
Excellence
CESAME aims to facilitate the premise that randomised clin-
ical trials should adhere to the highest methodological and sta-
tistical standards for the benefit of patients. The primary focus 
is to heighten the methodological quality of randomised  
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clinical trials. The work of CESAME will be within 3 closely 
interconnected pillars (please see Figure 1):

1. Planning randomised clinical trials
2. Conducting randomised clinical trials
3. Analysing randomised clinical trials

As the processes in the 3 pillars are strongly linked, we plan to 
include all pillars in most future projects. Implementation will 
be a part of all 3 pillars and include publishing new recommen-
dations and guidelines, developing training tools when appro-
priate and making coding publicly available for transparency.

Why the centre?

CESAME is based on an international consortium. We expect 
that the international collaboration will produce better gener-
alisability of findings and a more precise understanding of rel-
evant issues. An international group of experts will guarantee 
projects of high quality, and recommendations will be based on 
consensus reached by all relevant members of the consortium. 
A large collaboration may also increase the impact and proba-
bility of changing research traditions worldwide.

The CESAME approach

Projects within CESAME will follow the same approach to ensure 
pertinent results. This approach includes the following steps:

I. to conduct systematic reviews to create an overview of 
the current knowledge within the specific topic.

II. to conduct new relevant studies, if necessary. New studies 
may be both simulation studies and empirical studies 
designed specifically for the research topic in question.

III. to develop recommendations and practical instructions 
based on the new knowledge gained from the previous steps.

All CESAME projects will include at least one trialist, meth-
odologist and biostatistician to ensure a diverse author group 

with different competencies. The protocols and statistical anal-
ysis plans for all studies and systematic reviews will be prede-
fined in detail and made publicly available (registered or 
published) before initiation. All source codes will be made pub-
licly available (eg, at GitHub, San Francisco, CA, USA) for the 
immediate benefit of researchers worldwide.

The CESAME guidance documents will primarily be writ-
ten for experienced trialists, data managers and data analysts.33 
Based on these documents, further congruent guidance docu-
ments may be developed for researchers with less experience as 
well as for experts within the specific fields.33

There are several relevant issues that CESAME will try to 
improve and standardise. Please see Table 1 for 4 specific 
examples.

International collaboration

The CESAME initiative is taken by an international group of 
experienced trialists, methodologists and biostatisticians from the 
Copenhagen Trial Unit, Centre for Clinical Intervention Research, 
Department of Regional Health Research at University of 
Southern Denmark, the Biostatistical Department at University 
of Copenhagen and Centre for Anaesthesiological Research at 
Zealand University Hospital (Denmark), Istituto di Ricerche 
Farmacologiche Mario Negri (Italy), Lund University (Sweden), 
Department of Data Driven Medicine, Medical Center at 
University of Freiburg (Germany), McMaster University 
(Canada), ECRIN (France) and George Institute (Australia). 
Members of this group have previously collaborated in various 
projects and made important contributions to the statistical and 
methodological aspects of conducting randomised clinical trials. 
This includes developing recommendations for assessing assump-
tions of statistical analyses,29 recommendations regarding statisti-
cal analyses for different types of outcomes,35 practical 
recommendations for handling missing data36 and developing 
Trial Sequential Analysis.37 The latter can control risks of type I 
and type II errors in frequentist statistical analyses of randomised 
clinical trials and systematic reviews of such trials.37 The interna-
tional collaboration within the CESAME initiative will boost the 
quality of all methodological, operational and statistical aspects of 
randomised clinical trials (Figure 2).

Organisational structure

An executive board will govern the CESAME initiative. Each 
institution in CESAME will appoint one person to be part of 
the executive board and one person as an alternate. The execu-
tive board will focus on setting priorities and providing broad 
oversight of CESAME, and the board will have regular virtual 
meetings. The meetings will also encourage further collabora-
tion on new projects within the group. A coordinating commit-
tee will support the executive board by providing administrative 
services and coordinate activities for CESAME. The coordi-
nating committee will be established at the Copenhagen Trial 

Figure 1. The 3 CESAME pillars.
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Unit, but other institutions will take part in the work on a rota-
tional basis. The coordinating committee will also organise 
funding applications.

Conclusion
In this article, we have shortly presented the CESAME ini-
tiative, a collaborating centre focusing on the improvement 

of the statistical and methodological quality of randomised 
clinical trials. We have defined 3 linked pillars that encom-
pass future projects within CESAME: (1) planning  
randomised clinical trials; (2) conducting randomised clini-
cal trials; and (3) analysing randomised clinical trials. 
CESAME encourages international collaboration between 
its participating institutions to develop and implement  

Table 1. Examples of CESAME projects.

Pillar 1 (Planning RCTs):
Quantifying anticipated intervention effects in randomised clinical trials:
Sample size and power estimations are pivotal elements when planning and designing randomised clinical trials. To calculate a sample size, it 
is necessary to quantify an anticipated intervention effect. Large, anticipated intervention effects lead to relatively small sample sizes and small 
anticipated intervention effects lead to relatively large sample sizes. These anticipated intervention effects may be estimated based on previous 
trial results, that is, realistic intervention effects. We hypothesise that trials published in major medical journals show similar effect sizes across 
medical specialities, and it may be possible to present general recommendations on how to quantify anticipated intervention effects in 
randomised clinical trials. To confirm or reject our hypothesis, we plan to systematically assess and quantify previous intervention effects in 
published randomised clinical trials.

Pillar 1 (Planning RCTs):
The sequential trial design versus the adaptive trial design
The sequential trial design has for decades been regarded at the top of the hierarchy of evidence. However, the adaptive trial design is 
becoming frequently used. Adaptive trials have the advantage of adapting the necessary sample size per the results at interim analyses. The 
changes of adaptive trials include continuous reestimation of sample size, allocation ratio, and addition of new interventions to a running trial 
(platform trials). These new innovative designs and the results thereof still need further investigation and validation. The aim of this project is to 
compare findings of adaptive trials and sequential trials through systematic reviews and simulation studies of already collected data, and, if 
necessary, new simulation studies will be conducted. This project will provide insight into the advantages and disadvantages of each trial design 
and provide recommendations as to which design is optimal when planning a specific trial.

Pillar 2 (Conducting RCTs):
Central data monitoring
Data monitoring of clinical trials is a tool aiming to reduce the risks of random errors (eg, clerical errors) and systematic errors, which include 
misinterpretation, misunderstandings, and fabrication.34 Traditional ‘good clinical practice data monitoring’ with on-site monitors checking 
collected data against source data is often not sufficient to ensure optimal data quality. It also increases trial costs and is time-consuming for 
the local investigators. The present central data monitoring project aims to optimise data monitoring during the conduct of randomised trials by 
automation of central monitoring of data completeness and data quality. An electronic data capture system will be developed and made publicly 
available to facilitate audit trail, data separation between sites, and a range of data validation checks.

Pillar 3 (Analysing RCTs):
Adjusting for centre in multicentre randomised trials
Multicentre randomised clinical trials are particularly prone to problems with analysis and reporting. It is generally recommended to stratify the 
randomisation by centre and to perform a stratified analysis by adjusting for centre in the analysis. However, even in trials published in high-
impact journals, adjustment for centre is sub-optimally performed, which may lead to unnecessary loss of power and subsequently increased 
risk of type II error. Several methods are proposed for adjusting for centre (eg, fixed-effect analysis, mixed-effects analysis, and generalised 
estimating equations), but different methods might lead to different conclusions. There is currently no international consensus on when to use 
which method. This research project will focus on the influence of different methodologies for centre-adjustments and aim to identify the optimal 
methodology without unnecessary loss of power.

Figure 2. The CESAME organisational structure.
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statistical and methodological guidelines for randomised 
clinical trials.

There are presently highly influential and widely accepted 
guidelines for designing and reporting randomised clinical tri-
als, that is, the SPIRIT and CONSORT guidelines.4,38 Our 
intentions are not to replace or replicate these. Instead, we aim 
to fill the methodological gaps found in the planning, conduct-
ing and analysing of randomised clinical trials. There is a need 
for a comprehensive and detailed series of guidance documents 
dealing with the variety of topics relevant to these essential 
processes, written and endorsed by panels of renowned special-
ists and researchers, and developed through a transparent and 
integrated approach.

The ambition of the CESAME initiative is to increase the 
validity of trial results and ultimately benefit patients 
worldwide.
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