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Using the best quality of clinical research evidence is essential for choosing the right treatment for patients. How
to identify the best research evidence is, however, difficult. In this narrative review we summarise these threats
and describe how to minimise them. Pertinent literature was considered through literature searches combined
with personal files. Treatments should generally not be chosen based only on evidence from observational stud-
ies or single randomised clinical trials. Systematic reviews withmeta-analysis of all identifiable randomised clin-
ical trials with Grading of Recommendations Assessment, Development and Evaluation (GRADE) assessment
represent the highest level of evidence. Even though systematic reviews are trust worthier than other types of
evidence, all levels of the evidence hierarchy are under threats from systematic errors (bias); design errors
(abuse of surrogate outcomes, composite outcomes, etc.); and random errors (play of chance). Clinical research
infrastructuresmay help in providing larger and better conducted trials. Trial Sequential Analysismay help in de-
cidingwhen there is sufficient evidence inmeta-analyses. If threats to the validity of clinical research are carefully
considered and minimised, research results will be more valid and this will benefit patients and heath care
systems.
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1. Introduction

James Lind conducted his controlled clinical trial on interventions for
scurvy in 1747 and since then evidence-basedmedicine has undergone
a fascinating development [1–4]. Before 1900, only a few controlled
clinical trials and randomised clinical trials (RCTs) were launched. Dur-
ing the last century, the conduct of RCTs increased importantly and
meta-analyses were introduced [1–4].

Regarding medicinal products, an international consensus has been
established allowing a phased assessment of intervention effects
(Table 1). Certain fields like cardiology and oncology are fortunate to
produce large numbers of RCTs [5]. Other fields like neurology, nephrol-
ogy, endocrinology, hepatology, and surgery are less fortunate [5]. Med-
ical devices, nutrition, and rare diseases are considered fields especially
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in need of better clinical research [5,6]. The European Clinical Research
Infrastructures Network (ECRIN)-Integrating Activity (IA) (http://
www.ecrin.org/en/cooperative-projects/ecrin-integrating-activity-
clinical-research-in-europe) has therefore identified barriers for good
clinical research within these fields and assessed how these barriers
could be broken down in order to improve their evidence-based clinical
practice [7–10].

As an integral part of these activities, we provide an overview of the
hierarchy of evidence regarding interventions and consider the threats
to the validity of results of RCTs and systematic reviews with meta-
analyses. The threats encompass risks of systematic errors (‘bias’);
design errors (erroneous selection of patients, doses of medication,
comparators, analyses, outcomes, etc.); and risks of random errors
(misleading results due to ‘play of chance’) [11–16]. We suggest possi-
ble solutions to the threats including establishment of national or trans-
national research infrastructures like ECRIN to improve clinical research
and hereby reduce research waste [17–25].

2. Search strategy and selection criteria

Data for this review were identified by searches of PubMed and The
Cochrane Library, references from relevant articles using the search
terms “evidence based clinical practice”, “evidence based medicine”,
“evidence hierarchy”, “bias risks”, “design errors”, and “random errors”,
plus personal literature files. Articles were selected with a view that
they should represent important didactic efforts to increase themedical
profession's understanding of the central importance that evidence
quality plays in underpinning clinical practice.

3. The hierarchy of evidence

Different experimental designs have different inferential powers,
hence the hierarchy of evidence (Fig. 1) [13]. Provided themethodolog-
ical quality of your study is good, the higher your study is in the hierar-
chy, the more likely you observe something close to the ‘truth’. With
better inferential powers, the higher the likelihood for improving pa-
tient outcomes when one translates the research findings into clinical
practice (TRIP) [13]. All levels of the hierarchy may be threatened by
systematic errors; design errors; and random errors [11,13,26].

3.1. Systematic reviews and meta-analyses

The Cochrane Collaboration coined the word ‘systematic review’
back in 1993, and developed TheCochraneHandbook for Systematic Re-
views of Interventions (http://www.cochrane.org/training/cochrane-
handbook) [11]. Systematic reviews are based upon peer-reviewed pro-
tocols and follow standardised methodologies [5,11,27]. Meta-analyses
conducted without a protocol run the risk of systematic, design, and
random errors, which may cloud our judgement on benefits and
harms of interventions, andmakes it difficult to design future trials val-
idly [26,28–30].

3.2. Systematic reviews withmeta-analysis of several small RCTs compared
to a single, large RCT

A heated debate about which is superior — the results of a single
large RCT or the results of a systematic review of all trials on a given in-
tervention — has been on-going since meta-analyses became widely
known in the 1980s. Some claim that evidence produced in a large
RCT is much more valuable than results of systematic reviews or
meta-analyses [31–33]. The trial advocates consider that systematic re-
views should only be viewed as hypothesis-generating research
[31–33].

Systematic reviewswithmeta-analyses cannot always be conducted
with the same scientific cogency as a RCTwith pre-defined high-quality
methodology, addressing an a priori hypothesised intervention effect
[11,30]. Systematic review authorswill often know someof the RCTs be-
fore they have prepared their protocol for the systematic review, and
hence, the review methodology will be at least partly data driven [11,
30]. Understanding the inherent methodological limitations of system-
atic reviewswith consideration and implementation of an improved re-
view methodology already at the protocol stage can minimise this
limitation [30]. Hence, a cornerstone of a high quality systematic review
is the application of transparent, rigorous, and reproduciblemethodolo-
gy [34].

IntHout and colleagues used simulations to evaluate error propor-
tions in conventionally powered RCTs (80% or 90% power) compared
to random-effects model meta-analyses of smaller trials (30% or 50%
power) [35]. When a treatment was assumed to have no effect and het-
erogeneitywas present, the errors for a single trial were increasedmore
than 10-fold above the nominal rate, even for low heterogeneity [35].
Conversely, the error rates inmeta-analyses were correct [35]. Evidence
from a well-conducted systematic review of several RCTs with low risk
of bias therefore represents a higher level of evidence compared to the
results from a single RCT [11–14,29,30]. It also appears intuitively evi-
dent that inclusion of all available data from all RCTs with low risks of
bias ever conducted, should be treated as a higher level of evidence
compared to the data from one single RCT [13,30].

As a relatively new approach, networkmeta-analyses allow compar-
ing interventions that have never been tested head to head in RCTs [36].
Careful consideration is needed for network meta-analyses to avoid
false positive results [37]. Statistical and conceptual heterogeneity of
the trials combined in a network meta-analysis should be assessed to
avoid incoherence and thus chance findings [36]. Reporting bias can af-
fect the findings of a network meta-analysis and lead to incorrect con-
clusions about the treatments compared [38]. Due to high number of
pairwise comparisons in a network analysis, the risk of type I error
should be controlled (see below). To address these methodological
limitations in a systematic way, a clear protocol and a concise
hypothesis are needed in advance to justify the meta-analytic approach
[37,39].

In order to improve the systematic review methodology, recent
PRISMA guidelines have been developed for individual participant
data (IPD) systematic reviews with meta-analysis [40] and for network
meta-analyses [39].

Table 1
The phases of clinical research regarding preventive or therapeutic medical interventions.

Phases Participants and study designs for preventive or therapeutic
interventions

Phase I Healthy participants or patients
– observational studies
– randomised clinical trials

designed to assess the safety (pharmacovigilance), tolerability,
pharmacokinetics, and pharmacodynamics of an intervention.

Phase II Patients with disease in question
– randomised clinical trials.

Phase II trials are performed on larger groups (up to about 300
patients) and are designed to continue safety assessments and to
assess how well the intervention works.

Phase III Patients with disease in question
– randomised clinical trials

often multicentre trials on large patient groups (300 to 10,000 or more
depending upon the disease and outcome studied) aimed at being the
definitive assessment of how effective the intervention is, in
comparison with current ‘gold standard’ treatment.

Phase IV Patients with disease in question
– randomised clinical trials
– observational studies.

These studies and trials study the impact of applying the new
intervention in clinical practice. This includes large randomised
clinical trials, cluster randomised trials, and observational studies
(clinical databases).

For medical devices slightly different phases are described [104].
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