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Introduction

Four international cardiology socicties (European Society of
Cardiology, American Heart Association, American College of
Cardiology, World Heart Federation) issued a joint statement
proposing a modification of Randomized Controlled Trials (RCT)
[1]. This modification is justified due to increased administrative
requirements and financial burdens, as well as a disproportionately
low information gain from conventional RCTs. In a ‘joint opinion’,
the design of an adaptive platform study is proposed instead of
traditional RCTs [2] because promising results could be achieved
by this study design in different studies [3-5].

We agree with the Joint Opinion Group’s call for a necessary
optimization of the standards for gaining knowledge in the
healthcare system and contribute our experience we gained while
developing the Pragmatic Controlled Trial (PCT).

Background

The need to develop a specific method for the detection of non-
experimental care effects arose in the late 1980s. One of us, a
young oncologist, noticed that treatment successes in patients
at our university hospital were inferior compared to published
oncology reports. Nearly a decade passed before a simple idea
could plausibly explain the difference. We observed effects in our
hospital that occur in everyday care (real-world effectiveness),
whereas journals reported data were almost exclusively generated
in experimental studies under strictly controlled conditions.
Although the scientific literature differentiated between “efficacy”
and “effectiveness” very early [6 - 8], convincing methods for the
undistorted detection of results under non-experimental conditions
were not yet available. We did not succeed in formally describing
the difference between expected and observed results until much
later [9].

Our research in evidence-based medicine taught us Sir Archibald
Cochrane’s and Sir Austin Bradford Hill’s three essential questions
to ask before implementing an innovation in the healthcare system:
“Can it work? Does it work? Is it worth it?”” [10]. Cooperation
with teachers and students in the “hochschule fiir gestaltung
(hfg)” (Ulm school of design) taught us the rule “Form Follows

Function (FFF)”generated by American designers and architects
[11]. As citizens of Ulm, we are familiar with many of Albert
Einstein’s (born in 1879 in Ulm) statements, which pointed out
that problems cannot be solved by the mindset that caused them.
The recommendations of the British epidemiologists and input by
the American designers and the German physicist facilitated the
development of a three-dimensional strategy for the evaluation of
healthcare performance.

The Three-Dimensional Strategy

The concept of the three-dimensional strategy is based on the three
Cochrane-Hill questions. The answer to the first question, “Can it
work?”, requires proof of the effective principle (proof of principle,
PoP). The second question, “Does it work?” can be answered by
demonstrating Real-World Effectiveness (RWE). The third answer
describes the perceived value (Val) of healthcare services from an
individual and a societal perspective. Efficacy and effectiveness
depend on objective judgments, whereas the description of value
is a subjective but essential judgment. If the proof of efficacy is
supplemented by the proof of real-world effectiveness, not only
effective interventions can be identified. In addition, it will also be
possible to describe the endpoint-specific risk profiles of patients
who can be successfully treated with effective intervention. This
classification of the successfully treatable subpopulation will
help to significantly increase care efficiency. If different therapies
achieve identical results in patients with identical risk profiles, this
knowledge will also contribute to the development of new care
strategies.

The Criteria for Distinguishing Efficacy and Effectiveness
Functions and Forms of the Three Healthcare Conditions

Patient care can be performed under three different conditions,
under the non-structured, natural conditions of everyday care or
under two different types of a structured study. The two structured
study conditions are the strictly controlled experimental or
interventional study, the Randomized Controlled Trial (RCT),
or the non-experimental or observational study, the Pragmatic
Controlled Trial (PCT), which is based on the principle of Bayes’
statistics. In a PCT, each patient is cared for under non-structured,
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natural everyday care conditions, but evaluated under structured
conditions by applying Bayesian statistics. The advantage of
Bayesian statistics over randomization is the ability to apply
statistical methods under the non-structured conditions of everyday
care without altering these natural conditions.

The Bayesian method requires documentation of the intervention
(therapy) and all individual risk factors that could affect any of
the measured PCT endpoints. Based on the categorization of
therapies and individual risk profiles, each patient can be assigned
to the appropriate risk class with respect to each of the measured
PCT endpoints [12-15]. Although this accurate risk classification

requires large numbers of cases, it allows comparison of patients
assigned to an individual risk class with respect to each measured
endpoint and the intervention applied. An RCT only ensures that
the risk profiles are equally distributed within the study arms.
Therefore, all patient risk profiles that were not excluded in the
RCT are represented in each study arm. Only a limited number of
different therapies can be studied in an RCT, which significantly
limits the applicability of results in everyday care. We compiled
the detailed differentiation of the three healthcare conditions based
on two functional and twelve formal (structural) criteria [16]
(Table 1).

Criteria Efficacy Effectiveness
Care of subjects under structured conditions of an experimental | Care of subjects under not structured conditions of everyday
study. care
Functions
Proof of principle (PoP) under structured conditions of an Demonstration of real-world effectiveness (RWE) under
experimental study (e.g. RCT) structured conditions of an observational study (e.g. PCT).

Forms / No agreement between the 12 criteria of an experimental study Ag.reement of X of the 12 criteria V.Vlth .the criteria (.)f

. . o experimental studies and of four criteria with the criteria of
structures (RCT) with the criteria under the conditions of everyday care. everyday cate

Table 1: Functions and forms/structures of efficacy and effectiveness [15].

Causes, Consequences, and a Possible Solution to the
Terminology Conflict

The challenge to assessing healthcare outcomes in three
dimensions [10], which has been unresolved for 80 years, is based
on a terminology conflict involving differentiating efficacy from
effectiveness [14]. The most likely cause of this terminology
conflict is the lack of proposed alternative solutions. Therefore,
the RCT has hitherto been considered the only valid method to
measure the effects of healthcare.

The consequence is that most clinical decisions concerning
guidelines, patient treatment, and court verdicts are decided by the
experimentally driven proof of principle and not by its suitability for
everyday use. These decisions are based on highly selected patient

populations and often on surrogates rather than real endpoints.
As a result of these two “idealized measurement conditions”, the
successes achievable under everyday conditions are significantly
overestimated. This overestimation can be avoided by using PCTs.

Differentiation Among the Three Outcome Dimensions and the
Three Healthcare Conditions

Table 2 describes the three outcome dimensions of proof of
principle (PoP), real-world effectiveness (RWE), and value (Val)
from the perspectives of clinical research, health-services research,
and economic research. Each address different questions, different
healthcare conditions, different study types, and different methods
of achieving evidence [13].
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Perspective Question Answer Health care condition Type of study Method
Clinical Can it Objective goqﬁrmatlon of Experimental study condition . Randomlze'd
proof of principle (PoP) or Interventional study controlled trial
research work? (ESC)
efficacy (RCT)
Health . Objective confirmation of Real world condition including . . Pragmatic
. Does it . . . . Pragmatic/Observational .
services work? real-world effectiveness with systematic evaluation of stud controlled trial
research ) (RWE) outcomes y (PCT)
Economic Is it worth Subjective confirmation of Real world 'condltlon.wnhout Complete economic C(.)St-
. systematic evaluation of . effectiveness
research it? value (Val) analysis .
outcomes analysis (CEA)
Table 2: Answering the three Cochrane-Hill questions from the perspectives of clinical research,

health services research, and economic research (modified from [12]).

Healthcare services have hitherto been evaluated by objective
evidence of PoP, where final policy decisions are almost always
made on the basis of the subjective estimation of value [17,18].
Due to the measurability of RWE, the final subjective decision can
be supported by data that are closer to the objectifiable value of a
healthcare service than the proof of the PoP.

Our assumption that we doctor make arbitrary decisions in everyday
care is probably incorrect. Every doctor makes an implicit effort
to adapt his strategy to the individual risk profile of his patient.
However, this strategy has not yet been standardized [16]. In
everyday health-care, we can distinguish three conditions under
which healthcare services are offered. The experimental conditions
require to conduct a structured RCT. These studies are well
known. We recently described two functional and twelve formal
criteria to distinguish these conditions from healthcare conditions
under the non-structured conditions of everyday care [17-18]. In
PCTs, which detect effects induced under everyday conditions, six
of the twelve formal criteria are consistent with the criteria used
in experimental studies, and four criteria are consistent with the
criteria used in the non-structured conditions of everyday care.
Two criteria of the PCT differ from all criteria of an experimental
study and the criteria of everyday care [18].

Importance of the Study Question, The Study Conditions
(Including Selection Criteria), and the Interpretations

Under the title “Front-end-processor”, we present data suggesting
that every scientific question may be developed in four steps. If these
four steps do not correspond exactly in terms of content, the risk
of answering the scientific question incorrectly will increase [18].
We also address the necessary congruence of the forms (structures)
and functions of research methods. Experimental methods cannot
be used for the analysis of outcomes of (non-experimental) care
as usual [18]. The reproduction of reported outcomes may be
impossible unless the risk profiles of he investigated patients
were known [19]. Scientists and policy makers use the same
(experimental) data to “make” and to “take” different types of
decisions [20]. Using the example of breast cancer screening

we show that the same data — analyzed in different ways — can
quantify both the objective risks and the subjective perception
of objective risks [18,21]. More attention should be paid to the
study conditions and the selection criteria because, without their
descriptions, it is difficult to draw conclusions about the scope of
the results collected [20]. Both the chosen study conditions and
the chosen selection criteria influence the study results via direct
and indirect effects. Direct effects concern the exact formulation of
the study objective, the results obtained, and their interpretability.
Indirect effects of a healthcare study define its scope. Since defined
selection criteria in studies that are included in meta-analyses and/
or confirm similar effects are often only vaguely defined, a sharp
delineation of the scope of clinical trial results cannot always be
deduced [17,18].

The outcome dimension (PoP, RWE, or Val) also needs to be
defined because the demonstration of each of these dimensions
requires different methods and strategies. The correspondence
between the precise question to be answered and the choice of the
most appropriate endpoints to achieve this answer is crucial for
the quality of the responses obtained. The more differentiated the
inclusion criteria of a study, the more uniform (but also smaller)
the population studied and the more likely it will be possible to
obtain consistent results.

Understanding the significant differences between inclusion and
exclusion criteria is important. Inclusion criteria are required for
any form of health-related study as opposed to exclusion criteria.
Exclusion criteria exist only in experimental studies, but not in
studies describing everyday healthcare, like the PCT or studies
describing the subjectively perceived added value of a healthcare
service or health-related quality of life [9,19]. Both exclusion and
inclusion criteria, depend on the study question. The function of
exclusion criteria, however, is to describe all subjects who exhibit
any of the confounding factors that may bias the measurement
of the primary endpoint of an experimental study. It should be
noted that exclusion criteria only address treatment with the study
medication and selection of the study population, not treatment
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of the excluded subjects with all other therapies. In other words,
exclusion criteria protect the evidence of PoP from bias, but
compromise the evidence of RWE because the risk profiles of
patients investigated in experimental studies will barely meet the
conditions of care as usual.

Deriving the Consequences

The results of all decision-relevant studies, whether experimental
or pragmatic, have often been applied without exact consideration
of the selection (inclusion and exclusion) criteria [19]. When
evaluating services in the health care system, we scientists should
pay close attention to the patient population being examined.
When highly selected (experimental) populations have been
investigated, recommendations for everyday care can hardly be
derived. Knowledge of our patients’ endpoint-specific risk profiles
can improve the quality and efficiency of healthcare. The benefits
of analyzing endpoint-specific risk profiles should be particularly
evident in very large study groups, as the expected variance of these
profiles will be rather high. For a systematic analysis, comparable
risk profiles are to be stratified into similar (high, intermediate,
low) endpoint-specific risk classes. This requirement can only be
met if this classification is carried out according to jointly defined
criteria. These considerations presuppose the willingness to
cooperate in very large projects.

Discussion and Summary

Evidence of fitness for daily use should be demonstrated for all
interventions applied in healthcare. The shift of focus from PoP to
RWE can be justified by the following:

e RCT studies only involve a highly selected patient population
in which the major risk factors affecting the measured primary
endpoint have been eliminated by exclusion criteria. Exclusion
criteria are not applied in a PCT because they would not
accurately describe the population receiving healthcare under
everyday conditions.

e An RCT limits the choice of healthcare options to the few
interventions that can be compared and interpreted in an RCT.
The PCT does not limit the choice of healthcare options. Each
participant chooses the intervention expected to produce the
optimal outcomes for the individual patient. This produces
the healthcare conditions applied under everyday medical
practice.

e An RCT is expected to ensure the equal distribution of all
risk factors not excluded in the study populations. This,
however, can hardly be confirmed because the size of the
studied population depends on a large number of variables,
like the number of risk factors, their effect sizes, and their
interrelationships. The smaller the population studied in an
RCT, the greater the danger that not all risks will be equally
distributed in the randomized groups.

Progress in health care can be achieved step by step. The supplied
patients will only notice that considerably more data is collected

than before, but that the supply will remain unchanged for the
time being. The advanced data collection will require several basis
steps.

1. Selection of the clinical health problem to be analyzed.
2. Definition of the targeted endpoints of care in advance.
3. Definition of the potential risk factors of the patients that

may impair the achievement of these endpoints, i.e. the “endpoint-
specific risk lists (ESRLs)”.

4. Based on these ESRLs, clinical expert teams can form
different endpoint-specific risk classes (ESRCs; high, intermediate,
low).

5. To evaluate the care outcomes, each patient treated is
assigned to a defined ESRC (high, intermediate, low) for each
measured endpoint. The methods of Al enable this complex data
assessment and collection, which includes not only the risk profile
of the patient but also a classification of the therapeutic measures.
Usually, multiple health problems require multiple therapies in
parallel in the majority of patients [12-18].

The necessary increase in data collection may be perceived by
doctors as a similar burden as the demand for randomization 30
years ago. Nevertheless, there will be a significant difference
because the assessment of the risk profile will seem plausible for
patients and physicians and, unlike randomization, will not affect
the relationship between physician and patient.

A change in our traditional way of thinking is necessary to accept
that the proof of everyday suitability of healthcare services,
i.e., the new field of healthcare-services research, requires two
different healthcare conditions (twin method) [15]: Care must be
provided under the non-structured everyday conditions of ‘natural
chaos’ prevailing in patient care, while the evaluation of healthcare
outcomes requires precisely structured tools, like Bayesian
statistics, with no reciprocal influence between these two methods,
the care as usual and the method used for the analysis of the data.
This comment should appeal to colleagues who share our concern
that the uncritical interpretation of the results of experimental
RCTs could affect the financial viability of our health systems.

Several scientists doubted the results of the RCTs [22,23].
However, it is possible that the method of the RCT itself is not
the problem. The randomization of patients (in contrast to well
defined objects) requires compliance with specific framework
conditions, e.g. the exclusion of certain risks. Consequently, the
interpretation of the results of an RCT will only be valid if the
limitations defined by the framework conditions are actually taken
into account. Otherwise, the effects that can actually be achieved
will be overestimated. RCTs cannot provide detailed data to derive
new care concepts because the risk profiles of the patients treated
will be too different. This assumption suggests that PCTs should
not be carried out regionally, but at the national level. Without
taking into account the national perspective, there is a risk of
overlooking risks that are specific to certain regions. In other
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words, the orientation of care towards ESRPs is probably more
complex than originally expected.

This commentary does not claim to discuss all the details of the
detailed assessment of supply effects. However, it pursues the goal
of increasing interest in proving RWE. Without this proof, it will
hardly be possible to prove the efficiency of health services.
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