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Abstract: The discussion about the optimal design of clinical trials reflects the perspectives 

of theory-based scientists and practice-based clinicians. Scientists compare the theory with 

published results. They observe a continuum from explanatory to pragmatic trials. Clinicians 

compare the problem they want to solve by completing a clinical trial with the results they can 

read in the literature. They observe a mixture of what they want and what they get. None of 

them can solve the problem without the support of the other. Here, we summarize the results 

of discussions with scientists and clinicians. All participants were interested to understand and 

analyze the arguments of the other side. As a result of this process, we conclude that scientists 

tell what they see, a continuum from clear explanatory to clear pragmatic trials. Clinicians 

tell what they want to see, a clear explanatory trial to describe the expected effects under ideal 

study conditions and a clear pragmatic trial to describe the observed effects under real-world 

conditions. Following this discussion, the solution was not too difficult. When we accept what 

we see, we will not get what we want. If we discuss a necessary change of management, we 

will end up with the conclusion that two types of studies are necessary to demonstrate efficacy 

and effectiveness. Efficacy can be demonstrated in an explanatory, ie, a randomized controlled 

trial (RCT) completed under ideal study conditions. Effectiveness can be demonstrated in an 

observational, ie, a pragmatic controlled trial (PCT) completed under real-world conditions. 

It is impossible to design a trial which can detect efficacy and effectiveness simultaneously. 

The RCTs describe what we may expect in health care, while the PCTs describe what we 

really observe.

Keywords: randomized controlled trial, pragmatic controlled trial, explanatory trial, pragmatic 

trial, ideal study conditions, real-world conditions

Introduction
The efficacy of an intervention demonstrated under ideal study conditions (explanatory 

trial) will not necessarily predict the effectiveness of the same intervention described under 

real-world conditions (pragmatic trial). The pragmatic-explanatory continuum indicator 

summary (PRECIS) group presented a model that predicts that trials will generally be 

somewhere on a continuum between the two extremes of explanatory and pragmatic stud-

ies.1–3 The PRECIS concept is based on the widely accepted assumption that randomization 

is an essential prerequisite for clinical trials, be it explanatory or pragmatic.

Randomization is a scientific tool, which is ideal to guarantee similar distribution 

of risk factors in the groups of an experimental trial and so reduce selection bias. 

However, randomization is not easy to apply in a clinical setting as it will compete with 

the patient’s expectation. Patients trust their doctors to select and recommend the best 
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possible solution of health problems. There is sufficient evi-

dence on the ethical, psychological, and legal significance of 

the need for doctor–patient communication4,5 and some, but 

no consistent, evidence on the use of shared decision-making 

strategies.6 Researchers and clinicians who work with patients 

will  confirm the significant difficulties of  recruiting patients 

for the participation in  randomized controlled trials (RCTs). 

Five reasons may explain the difficulties of recruitment: mis-

conceptions about trials, lack of equipoise,  misunderstanding 

of the trial arms, variable interpretations of eligibility criteria, 

and paternalism.7 Several reports from different areas of health 

care confirm these findings. The common denominator for the 

difficulties to recruit patients for RCTs is disagreement of study 

conditions with patient preferences and values. Although we 

know that only 5% of adults but 70% of children are included 

in oncology trials,8,9 it is not yet possible to identify prospec-

tively the adults who will finally participate in a clinical trial. 

Neither do we know methods that increase the motivation for 

participation.9–11 The refusal of trial participation increases 

the sampling bias and affects the external validity of clinical 

trials.12,13 Although this bias has been known for at least 

15 years, so far, no solution has been found to avoid it.14

There is a consensus that we need new strategies to gener-

ate valid study results,15 but there is no consensus on the need 

to allow the integration of preferences without inducing bias. 

The limitations of RCTs are theoretically well known, but it 

is still hard to convince nonclinicians that the enforcement of 

randomization in a preference-dominated word may induce 

even more bias than evidence. A solution is possible if we 

pay more attention to the preferences and involve clinicians 

as well as patients in the general discussions about the design 

of clinical trials.7 An explicit and detailed proposal has been 

made several years ago,16 but has so far not yet translated 

into a specific pragmatic controlled trial (PCT).

Background
While discussing this topic, we have to describe the definitions 

we are using for efficacy, effectiveness, efficiency, and more 

recently also for the value of health care. We use efficacy to 

express that a biologic effect can be observed under ideal study 

conditions. Effectiveness means an effect is detected not under 

ideal but under real-world conditions. Efficiency considers 

the relationship of input and output, ie, it often considers the 

relation of efficacy and monetary costs. Value describes the 

individual perspective that might be quite different in two 

people with a broken finger: a piano player will be concerned 

about a complete restitution of a broken finger, while a law-

yer may consider a broken finger not too important. These 

examples demonstrate that the assessment of health outcomes 

has to be considered from different perspectives and that the 

health outcomes can be described in different dimensions 

with different meanings and have different consequences for 

individual and societal decisions.

The core problem addressed in this project is related to the 

epidemiological and the clinical difference of efficacy and effec-

tiveness. Epidemiologists are aware of the problem and are try-

ing to find a consensus solution that offers the valid assessment 

of effects under ideal as well as real-world conditions. Clinicians 

see big difference of effects under ideal and real-world con-

ditions. From a clinical perspective, there is no continuum 

between efficacy and effectiveness: a patient is diagnosed and 

treated following the rules of standard care, ie, under real-

world conditions or under experimental conditions approved 

by an institutional review board. Such differences in efficacy 

and effectiveness of interventions have been demonstrated in 

many clinical scenarios.17–24 We have a widely accepted tool 

(RCTs) to assess treatment effects under experimental study 

conditions, but we need a generally accepted tool (eg, a PCT) 

to assess treatment effects under real-world conditions.

When the aim of assessment is the description of effects 

under real-world conditions, any artificial modification of 

the natural history of care should be avoided. There are 

two possible ways to find a solution for the assessment of 

effectiveness. One may go for a compromise and accept 

some artificial modifications. This is the model the  PRECIS 

group prefers. A second option is not to accept any artificial 

interference. In this case, the assessment has to be restricted 

to observation only. The essential requirements for reporting 

results of observational studies have been published by 

the Strengthening the Reporting of Observational studies 

in Epidemiology. group.25 It may be necessary to include 

 additional rules in the evaluation of observational studies 

to avoid various forms of bias such as sampling, selection, 

 performance, attrition, and detection bias.12,14,26

In co-operative projects with other groups, we tried 

to propose solutions for the assessment of effects under 

real-world conditions without introducing modifications 

that may affect the outcomes.27,28 This proposal was con-

firmed by Gaus and Muche,29 but was rarely noticed by 

the scientific community probably because the proposal 

supports the concept of nonrandomized studies, which is 

generally not  considered reliable. Indeed, in most situations, 

 nonrandomized approaches are unable to generate meaning-

ful data. We try in our research proposal to overcome this 

problem by recommending the inclusion of some additional 

steps in nonrandomized trials.
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Aim of the study
As explanatory trials should measure efficacy – the benefit a 

treatment produces under ideal conditions – and pragmatic trial 

should measure effectiveness – the benefit a treatment produces 

in routine clinical practice,16 we expect only two optimal study 

designs to provide answers to these two questions.

The aim of this study is to describe the commonalities 

and differences of these two study designs.

methods
On the basis of clinical experience requests from many clinical 

colleagues and suggestions from the literature, we describe 

the most frequently followed sequence of steps conducted in 

an explanatory and in a pragmatic trial. These well-known 

steps were supplemented by additional steps that help to avoid 

various forms of bias. As far as possible, scientific evidence 

is provided to support the suggested supplements.

Results
The 13 steps to assess efficacy and effectiveness are described 

in Table 1. The differences between explanatory and pragmatic 

trials are described in eight of the 13 steps. Five steps, #1–#3, 

#10, and #13, are identical in explanatory and pragmatic tri-

als, while the remaining eight steps #4–#9, #11, and #12 are 

different in explanatory and pragmatic trials.

Steps that are identical in  
explanatory and pragmatic trials
Step #1 is the structured study question according to the 

principles of evidence-based medicine.30 It should be 

emphasized that the structured study question can be asked 

for two different reasons, either to appraise an already pub-

lished paper or to design a planned study. For appraisal of a 

published paper the original PICO (Patient and her problem, 

Intervention, Control intervention, Outcome) system is 

widely adapted and translated.13,31 When a new study is 

designed, it is important to define the intended but not the 

recorded outcome. For assessment of a published study, 

it is important to record the reported but not the intended 

outcome. Of course, these two outcomes should be identical 

in high-quality studies, which, unfortunately, is not always 

the case. Second, the intended outcome should be defined 

before defining the interventions. For designing a clinical 

trial, we recommend to change the sequence of the four 

parts from PICO to POIC, which describes the sequence of 

Patient–Outcome–Intervention–Control.

Step #2 is related to the distinction of primary and sec-

ondary outcomes. Secondary outcomes are often added to 

the main study question without formal power calculation. 

Primary outcomes need to be associated with a formal 

hypothesis including the dimension in which the selected 

Table 1 Thirteen steps to assess efficacy (explanatory trial) and effectiveness (pragmatic trial)

Step Explanatory trial (conclusions derived from  
experimental studies completed under ideal conditions)

Pragmatic trial (conclusions derived from  
observations of real-world health care)

#1 Phrase the primary and secondary study questions according to the principles of evidence-based medicine
#2 Distinguish between primary and secondary outcomes of the study
#3 Define inclusion criteria
#4 Define exclusion criteria Define any important risk factors related to any of the primary outcomes
#5 Define treatment options Identify the most frequently used treatments from existing database
#6 Define appropriate study design according to primary study  

questions (superiority or equivalence or noninferiority study  
and set the limits for each study type)

Any pragmatic trial is a descriptive trial. There is only one common 
design for descriptive trials. mention 95% CI

#7 Define the hypothesis (expected difference of experimental  
and control), mention α-/β-error, calculate the needed number  
of patients to confirm the hypothesis

Any of the selected individual treatments is considered the best possible 
treatment (in the individual situation for the individual patient)

#8 ask eligible patients to sign informed consent for randomization, 
evaluation, and publication of data

ask eligible patients to sign informed consent for evaluation  
and publication of data

#9 Allocate the patients randomly to the treatment options of  
the trial

allocate patients to treatment options according to individual  
preferences and results of shared decision making

#10 Guarantee follow-up long enough to detect outcomes and most of the adverse effects
#11 Compare the results of the randomized groups Compare only results of groups with identical baseline risks (ie,  

stratified according to high, intermediate, and low risk). Include  
results of the “any other treatment” group for specificity control

#12 Apply the intent-to-treat (ITT) principle according to step #9 Application of the ITT principle is not necessary as the risk  
groups were stratified

#13 Confirm statistical significance only if clinical effect is relevant (save statistical energy)

Note: The differences of explanatory and pragmatic trials are described in 8 of the 13 steps.
Abbreviation: CI, confidence interval.
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endpoint will be assessed, the definition of the expected 

difference between experimental and control groups, and the 

calculation of the patients needed to demonstrate the expected 

significant difference (or equivalence or noninferiority of 

the experimental and control group). In most RCTs, there 

will be only a single primary endpoint but several second-

ary endpoints. In pragmatic trials, usually several primary 

outcomes have to be considered, such as mortality, cost of 

treatment, and side effects. When multiple primary outcomes 

are included in a study, three additional aspects have to be 

considered: 1) separate power calculations for each endpoint, 

2) a correction for multiple testing, eg, Bonferroni correction, 

and 3) allocation of individual patients to different baseline 

groups depending on the assessed outcome (eg, a patient with 

four coronary by-passes will be at high risk for the endpoint 

“mortality” but not necessarily for the endpoint “side effects 

of the study treatment”).

Step #3 addresses the definition of the inclusion criteria 

in both explanatory and pragmatic trials. The inclusion 

criteria define the necessarily existing health problem(s) that 

qualify a patient to be considered for inclusion in the study. 

The difference of inclusion and exclusion criteria will be 

discussed below.

Step #10 points out that the follow-up has to be long 

enough in both types of studies to detect the majority of 

defined endpoints and most of the side effects.

Step #13 suggests “to save statistical energy”. Conclusions 

from any trial will be valuable if two conditions are met. The 

detected effect has to be statistically significant and clinically 

important. Results that are supported by only one of the two 

necessary conditions should not be used in daily health care. Any 

statistical test will consume power, ie, “statistical energy”, but 

decisions about the clinical importance will not. Therefore, it is 

recommended to decide first if a result is clinically important or 

not. In case of a clinically irrelevant result, the use of statistical 

power is a waste of time and energy. This time and energy can be 

saved by skipping the statistical test when a result lacks clinical 

importance. This consideration may be worthwhile especially 

in pragmatic trials because these trials will need more statistical 

power than explanatory trials (see step #2).

Steps that are different in explanatory 
and pragmatic trials
Step #4 describes the exclusion criteria in an explanatory 

trial.

In pragmatic trials, no exclusion criteria should be 

defined. Any patient with a particular health problem who 

asks for health service under real-world conditions has to be 

served (eventually “watchful waiting”) and, consequently, 

has to be included in the trial. A pragmatic trial that is sup-

posed to describe the real-world condition has to include any 

served patient, which means there should be no exclusion 

criteria in pragmatic trials. As there will be no randomized 

control groups in a pragmatic trial like in an explanatory 

trial, it is necessary to allocate all patients who are included 

in a pragmatic trial to different risks groups. The patients 

have to be allocated to different risk groups at the time of 

inclusion in a pragmatic trial, but before start of treatment 

(to avoid confusion). The allocation to the risk groups is 

important for the evaluation of results; it is usually made 

electronically and depends on two types of information. 

First, it depends on the primary outcomes defined in step #2. 

The set of important risk factors may be different for each 

of the defined primary outcomes. Second, the risk factors 

have to be selected according to clinical evidence, should be 

easy to assess, and have to be assessed in any patient. These 

factors classify low-, intermediate-, and high-risk patients. 

With respect to the practicability of the study, the number of 

selected risk factors per endpoint should be kept as small as 

possible. Ideally, there will be some factors that have to be 

met for high risk and some that must not apply for low risk. 

Patients who qualify neither for high nor low risk should be 

classified as intermediate risk.

Step #5 defines the treatment options in an explanatory 

trial usually confined to one or two experimental and/or 

control treatments.

In pragmatic trials, the number of treatment options can 

neither be predicted nor limited. It is recommended to define 

special rules for evaluation and interpretation of pragmatic 

trials. To generate valid study results, the most frequently 

used and the most expensive treatment options should be 

identified from pre-existing databases. This information 

is helpful to generate realistic study questions that can be 

answered. Treatment groups that are too small for evaluation 

as separate groups have to be combined with other groups to 

a mixed group (“any other treatment”). The evaluation should 

be supported by propensity score mating procedures.32

Step #6 defines the appropriate study design according to 

the primary study question. This design will be different in 

superiority or equivalence or noninferiority trials. In addition, 

the necessary limits for confirmation of differences have to 

be defined.

In pragmatic trials that are descriptive trials, the mean 

values and 95% confidence intervals should be calculated 

for each of the defined outcomes and the investigated treat-

ment groups.
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Step #7 describes the hypothesis of explanatory trials, 

which is usually the expected difference of the outcomes 

in the experimental and control group. The selected α- and 

β-error and the number of patients needed to confirm the 

hypothesis have to be presented.

In pragmatic trials, any treatment selected for a particu-

lar patient is considered the best possible treatment for this 

individual patient in this special situation. The evaluation 

will demonstrate how frequently the intended goal could be 

achieved by different treatment options. As several outcomes 

can be assessed, it will be possible to complete a cost effec-

tiveness analysis based on real-world data.

Step #8 requests to sign an informed consent for random-

ization, evaluation, and publication of an explanatory trial.

In pragmatic trials, the informed consent is necessary to 

justify for evaluation and publication of data.

Step #9 describes the random allocation of patients to 

treatment options in an explanatory trial.

In pragmatic trials, patients will be allocated to treat-

ment groups according to their individual preferences and/

or doctors’ recommendations. This selection process presents 

advantages and disadvantages. The two advantages are the 

low dropout rate because everybody’s preferences will be 

respected. Second, almost all patients will get a placebo effect 

in addition to the biomolecular effect of the treatment. As 

long as this placebo effect will not cause harm, there is no 

reason not to provide it to everybody to the best available 

treatment. There is solid evidence supporting the hypothesis 

that the induction of hope or the vocal confirmation of patient 

expectations is sufficient to improve the reported outcomes. 

An interesting experiment that supports this hypothesis 

was done at the Massachusetts Institute of Technology.33 

This experiment was the first placebo-controlled study in 

the scientific literature, which demonstrated an impressive 

effect using only placebos but no true treatment arm; the 

participants of both study arms received placebos confirming 

that the effective principle in this study was the transmission 

of vocal information. Of course, this experiment is never 

applicable to patients due to ethical limitations and medical 

doctors do not like to discuss it, but nevertheless it definitely 

demonstrates the power of information on human decisions. 

Whether we like it or not, it is not according to the rules of 

science when we just accept the results we like.

The disadvantage of this selection procedure is the lack of 

control for unknown risk factors. This is a difficult topic – the 

power of known and unknown risk factors – as it is hard to 

be compared directly. However, there is interesting indirect 

evidence that may answer this question.

Step #11 is related to the compared groups within the 

studies. In an explanatory trial, the comparisons have to be 

defined when the trial is designed.

In a pragmatic trial, this request can be met only partially. 

The most frequently used treatment options will usually be 

known at the time of trial design. Any other treatment options 

are summarized as a single important comparator called “any 

other treatment”. Within each of the groups, the patients are 

stratified according to baseline risks (high, intermediate, low 

risk). The mixed group includes any treatment that is not 

represented in the other compared groups. Depending on the 

defined comparators, a particular patient may be allocated 

for evaluation to one of the comparator groups or to the “any 

other treatment” group. The comparison of nonrandomized 

groups is closely related to the power of known and unknown 

risk factors in clinical studies. As in a pragmatic trial, only 

groups with comparable baseline risks – each related to a 

specific study question – will be compared; the remaining 

uncertainty will be related to the unknown risk factors. If the 

effects of these unknown risk factors will be as large as the 

effects of known risk factors, we should see it in appropriately 

designed experiments. If we do not see it, we have to discuss 

the potential consequences.

Step #12 requests to apply the intent-to-treat (ITT) 

principle according to step #9 in explanatory trials.

In pragmatic trials, the application of the ITT principle is 

not necessary as the allocation of patients to the risk groups 

is defined by risk factors and will not be affected even if the 

treatment will change.

Discussion
A PCT should be different by definition from an RCT. The 

differences in objectives and contents of the 13 consecutive 

steps in explanatory and pragmatic trials are listed in  Figure 1. 

These differences can be standardized and lead to advantages 

and disadvantages of PCTs and RCTs, which have to be 

weighed.

The internal validity is easier to control in an RCT than in 

a PCT, but external validity can be controlled better in a PCT 

than in an RCT. Assuming that internal validity is as important 

as external validity, we have to conclude that both aspects of 

validity have to be considered. As there is no study design that 

can guarantee both types of validity within the same study,29 

there will probably be no other option than designing two types 

of studies to control for both types of validity. Other topics are 

related to the effects of confirmed or suppressed preferences 

and to the power of known versus unknown risk factors. These 

topics need to be discussed in more detail.
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conditions to the requirements of an explanatory trial, ie, 

excluding most of the variables and randomly distributing 

the remaining confounders. It may be possible to get closer 

to reality (real world) when the design of the study can be 

adapted to manage the diversity of variables and to avoid bias. 

Completing more real-world studies will not only increase the 

 variability within a single study (as compared to an explanatory 

study with many exclusion criteria) but will also decrease 

the interstudy variability, as any real-world studies aim to 

cover the heterogeneity of study  populations. If high-quality 

observational studies will become the standard in outcomes 

research in the next decades, these changes will eventually 

reduce the interstudy variability and also reduce the  problem 

of structural heterogeneity of  meta-analysis.  Structural hetero-

geneity of a meta-analysis can be  demonstrated by counting 

the number of included comparisons (eg, types of treatments), 

outcomes (eg, 3 or 5 year survival), and subtitles (eg, target 

populations and drugs).35

An additional point of discussion is related to the use of 

efficacy data (generated under ideal study conditions) for 

calculation of efficiency (ie, cost effectiveness) because the 

results of cost–benefit ratios should be applicable to real-

world but not ideal study conditions. In contrast, efficacy 

data should be sufficient to get temporary approval for a new 

drug. This temporary approval should be used to complete 

PCTs under real-world conditions to generate the data that 

describe the “added patient value”.

Explanatory trial Step

Study question Study question

Primary/secondary outcomes Primary/secondary outcomes

Inclusion criteria Inclusion criteria

Exclusion criteria Risk factors

Treatment options compared Treatment options frequently used

Use descriptive trial design

Apply selected treatment

Informed consent (publication)

Allocation to treatment (preference)

Select appropriate study design

Define individual study hypothesis

Informed consent (randomization)

Allocation to treatment (random)

Follow-up Follow-up

Statistics if clinically relevant

Compare groups of same baseline

Intent-to-treat principle not necessary

Compare groups of an RCT

Apply intent-to-treat principle

Statistics if clinically relevant 13

12

11

10

9

8

7

6

5

4

3

2

1

Pragmatic trial

Figure 1 Objectives and contents of the 13 consecutive steps in explanatory and pragmatic trials. The objectives and the contents of these two types of trials are identical 
in steps #1, #2, #3, #10, and #13. In steps #5, #8, #9, #11, and #12 the objectives are identical but the contents are different in explanatory and pragmatic trials. In the 
remaining steps #4, #6, and #7 the objectives (and consequently the contents) are different in explanatory and pragmatic trials.
Abbreviation: RCt, randomized controlled trial.

Possible consequences for health 
care systems
If a new standard can be established to assess effectiveness 

and if it effectiveness can be distinguished from efficacy, 

we will be able to close the efficacy–effectiveness gap. 

By  closing this gap, we will contribute to the solutions of 

several problems. It will become evident that some questions 

can be answered by efficacy data (generated under ideal study 

conditions), while others will need effectiveness data (gener-

ated under real-world conditions) to be answered.

The goal of basic research is to demonstrate the efficacy 

of a new principle under ideal study conditions. It makes 

sense to confirm this basic observation in a second indepen-

dent experiment under the same ideal study conditions just 

to reduce the risk of random error according to the principle 

of repetition. It does not make sense to investigate additional 

questions such as the optimal target groups or optimal doses 

under ideal study conditions, as only a small minority of 

study participants will suffer from a single health problem 

and will get treatment only for a single health problem. Most 

study participants present several problems and get several 

treatments, which means the real world is much more com-

plex – and we wish it should be the same in a clinical trial. 

Nobody contradicted when it was expressed very clearly that 

most of published research may be wrong.34

To deal with this complex problem, the optimal conse-

quence may not be to adapt the target population and study 
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In summary, it can be predicted that the differential view 

on efficacy and effectiveness will affect research and political 

decisions such as the policies for approval, the demonstration 

of added patient value, the pricing regulations, and the public 

financing of health care.

Conclusion
The RCT will remain the basic study design to confirm the 

efficacy of a new intervention under ideal conditions. It is 

recommended to select patients for this RCT who are likely 

to benefit from the investigated intervention. However, 

the RCT can never confirm effectiveness under real-world 

conditions.

To demonstrate patient benefit it is essential, first, 

to demonstrate efficacy by using an RCT and second, to 

 demonstrate effectiveness by using a PCT. This second part 

of the innovative process is not yet established.

In our opinion, it is an important challenge to the scientific 

community to define the necessary steps and to recommend 

the appropriate methods for demonstrating the patient-related 

benefit.
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