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Abstract

Introduction. The ‘natural chaos’ of seemingly unstructured healthcare can be analyzed under structured conditions.
This study describes methods for quantification of progress in healthcare. Methods. Engineers published the “front-end
processor (FEP)” method to detect and eliminate defects in steel production. We use three scenarios to demonstrate
that the FEP can confirm the congruence of expectations, existing data and derived results in healthcare. (1) Six teams
analyzed the validity criteria in each of 20 publications to confirm the congruence of the initial study question with its
mathematical confirmation. (2) Different strategies and methods answer the three Cochrane questions, i.e. Can it
work?, Does it work? Is it worth it?. (3) Traditional 2 x 2 contingency table quantify two different sets of information, the
traditional confirmation/exclusion of a suspected disease and the induction of its psychologic effects. Results. (1) Four
steps were identified from the simple study question to the mathematical confirmation of the answer. (2) Two functional
and twelve formal criteria characterize the experimental study condition and the two pragmatic conditions of care, either
with or without systematic analysis of the results. Experiments use the randomized controlled trial (RCT), pragmatic
controlled trials (PCTs) use the Bayesian statistics. (3) The communication of ‘bad news’ increases fear/anxiety in
patients 10 — 5000 fold, but ‘good news’ has almost no effect on the perceived safety. Discussion: We confirm that the
"FEP" developed by engineers can confirm the expected advances in healthcare and thus increase the validity of

ethical, medical, epidemiological, economic, legal, and political consequences.
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Introduction

We discussed the congruence of our initial healthcare goals of with the observed outcomes in our cancer patients about
30 years ago ['I2I8I4] Many of our expectations were based on a maximum achievable, but often unrealistic, goal.
Instead of selecting a safe strategy enabling an optimal quality of life, our focus was directed towards the prolongation of
survival confirmed in experimental, randomized controlled trials (RCTs). It took years of strategic development to reach a
consensus that fulfilled patient expectations. In all our considerations to prove the suitability for everyday application, it
was important not to exclude effects that result from the relationship between doctor and patient, even if we still did not
have a method to describe these effects [“I°16]. Today we are facing a similar challenge when we make decisions without

having previously checked different patients’ chances of achieving the desired goals.

Here we present three examples confirming that the desired goals of healthcare are frequently not achieved. Therefore, it
makes sense to establish a system that predicts the probability of success of planned strategies. The front-end processor
(FEP) is a system developed by engineers to confirm the congruence of manufactured steel with its constructors’ goals [/,
We are convinced that this system can be applied to healthcare provision to confirm that the desired results can actually

be achieved by the chosen strategy.

Methods

Strategy

Three valuable strategic clues facilitated the methodical approach. Through our cooperation with former members of the
Hochschule fir Gestaltung (UIm Academy of Design, 1953-1968), we learned that some solutions may benefit from
theoretical considerations. One example of theoretical considerations is the “Form Follows Function” (FFF) rule of
American architects and designers [l This rule states that the chosen form, i.e., the structure of a product or concept,
must correspond with the expected function of that product or concept. If this correspondence is missing, the suitability of
the product or concept may require further examination. Other examples of theoretical considerations are part of the
valuable legacy of Albert Einstein (*1879 in Ulm), “A problem cannot be solved with the same mindset that caused the

problem.”. A third theory was proposed by Sir Archibald Cochrane, who described three questions (diagnostic or
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therapeutic) to be answered before introducing a new intervention in everyday healthcare, “Can it work? Does it work? Is it

worth it?” °!. In accordance with this proposal, we developed the three-dimensional strategy shown in Table I.

Cochrane questions | Can it work? Does it work? Is it worth it?
Outcome Efficacy or Proof of Prin- | Real-World Effective- | Value individual or soci-
dimensions ciple (objective PoP) ness (objective RWE) | etal (subjective)
Study conditions Experimental study con- | Observational, RWC Observational, RWC, no
dition (ESC) with systematic eval- systematic but indivi-
uation of data dual evaluation of data
Research Clinical Health services re- Economic
perspectives Research search Research
Functions Demonstration of Proof | Confirmation of Real- | Comparison of costs
of Principle Word Effectiveness and consequences
Forms (structures) Explanatory or Pragmatic or obser- Complete economic
interventional study vational study analysis
Tool Randomised Controlled | Pragmatic Con- Cost Effectiveness
Trial (RCT) trolled Trial (PCT) Analysis (social and indi-
vidual)

Table I. Three-dimensional strategy for description of Proof of Principle, Real-World Effectiveness, and Value. A possible answer to the three

questions of Sir Archibald Cochrane. ESC: Experimental Study Condition. PCT: Pragmatic Controlled Trial. PoP: Proof of Principle. RCT:

Article, August 13, 2024

Randomized Controlled Trial. RWC: Non-experimental Real-World Condition. RWE: Real-World Effectiveness. References [1ojtIn2Je3yt4],

This Cochrane strategy includes the description of three different outcome dimensions, the proof of principle (PoP), the
real-world effectiveness (RWE) and the value. The three outcome dimensions require three different study conditions, one
experimental study condition and two observational study conditions either with or without the systematic evaluation of
data. These three study conditions reflect the expected results from three different perspectives, those of clinical research,
health services research and research in economics. In summary, the different dimensions, i.e., different study conditions,
different outcome dimensions and different perspectives, are characterized by different functions, i.e. the demonstration of
proof of principle, the confirmation of real-world effectiveness and comparison of costs and consequences and can be

described with different tools, i.e. RCTs, PCTs, and different forms of cost-effectiveness analyses (CEAs).

RCTs describe the efficacy, the PoP under experimental study conditions. Various tools are available to describe the
subjective value. An appropriate tool, the PCT for assessment of the RWE had to first be developed before Cochrane’s
theory could be realized. Therefore, a short description and instruction for completion of a PCT is included in the second
part of our results. The complexity of the three-dimensional outcome assessments emphasizes the importance of the

exact study question. We recommend the following four steps from the study question to the correct answer.

Tactics

Application of the FEP requires comparison of two outcomes. These are: a theoretical expectation or the ‘“front’ result
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generated under experimental study conditions, i.e. the demonstration of a PoP in an RCT. In contrast, the ‘end’ result,
i.e. the demonstration of real-world effectiveness (RWE), needs to be generated under the conditions of daily healthcare
provision. Otherwise, the theoretical or experimental expectation cannot be confirmed by clinically relevant observations.

To demonstrate the practical application of the front-end processor (FEP), we present three examples:

(1) The first example describes the path from the simple study question (front information) to the mathematical

confirmation of the expected answer (end information).

The quantified loss of information between from the posedstudy question and the mathematical confirmation of the
hypothesis was derived from Meret Phlippen’s medical thesis, “Progress in Evidence-Based Medicine: concordance of
study hypothesis, design, and statistical test” ['°]. She cooperated with six international teams that analyzed predefined
validity criteria in 119 publications (see contributing international team). The four-step strategy — from the study question
stated in simple language to the mathematical confirmation of the scientific hypothesis — only became recognizable after
the initially independent questions in the dissertation were re-arranged in logical order from the clinical question to its

mathematical confirmation.

(2a) The second example demonstrates that three different healthcare conditions are needed to generate three different

outcomes that can be detected with three different tools.

The initial theory for the later explanation of the front-end processor was developed in a seminar together with students
and professors of the Universidade Federal Fluminense (UFF) in Niteroi / RJ / Brazil. The aim was to describe the
consecutive considerations that scientists make when conducting an experimental study and practitioners make when
caring for patients under everyday conditions [°II]. Within the next decade, it became clear that the practical
implementation of a non-experimental study is like squaring the circle, as two conditions need to be met: care needs to be
offered and delivered under unstructured conditions because otherwise real-world effects cannot be described, and
second, the outcomes need to be analyzed under structured conditions to avoid errors and biases. The application of the
FFF rule to describe the two traditional conditions in healthcare provision (experimental or pragmatic) demonstrated a third
condition, which combines the characteristics of the two traditional conditions, the structured experimental condition and
the unstructured condition of everyday care. The 14 criteria that characterize the three conditions of healthcare provision

are presented in the research section.
(2b) The development of the PCT requires the combination of two seemingly contradictory conditions.

In theory, this implementation of the ‘squared circle’ into a reproducible study design could be achieved by exchanging the
experimental randomization with the strictly structured but non-experimental Bayes’ statistics. In a PCT, each patient
receives the same care that he or she would receive outside of a study. This condition is necessary to describe the effects
of everyday healthcare. All additionally required data is collected through cooperation between the administrative staff of
the facility and the individual information technology (IT) system of each PCT under the supervision of nurses and
physicians. These tasks include the documentation of each patient's endpoint-specific risk profiles, the therapies

performed, the reasons for and changes in response to a change in the healthcare strategy and the outcomes achieved.
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Each piece of information is formulated as a question based on a stored algorithm to discover implausible answers

through technical control mechanisms.

(3) Quality criteria (front information) of tests and their psychological effects (end information) confirm the congruence of

expectations, facts and outcomes of 2 x 2 contingency tables.

Traditional 2 x 2 contingency tables are established in the health sciences to confirm the quality of a test by the reference
method. According to the rules of evidence-based medicine, four types of tests can be differentiated. David Sackett’s rule
of thumb suggests that high test sensitivity can exclude (snout) and high specificity can include (spin) an investigated
condition ['6]. Most tests are suitable for either inclusion, i.e. confirmation, or exclusion of an examined condition, like a
disease. Only a few tests are suitable to confirm both inclusion and exclusion, and, hopefully, a ‘neither-nor test’ will not
be used.

The indicators for these quality characteristics of a test are calculated by the traditional analysis of the 2 x 2 contingency
table. In this traditional evaluation, the attending physician is initially the recipient of the information. On the basis of this
data, the physician selects the appropriate information, which he communicates with the patient in a second step. This
second step is based on exactly the same numbers (forms / structures) as the first step. However, in the second step, he
flow of the communication takes place in reverse direction. The recipient of the information is now the patient. In addition,
the two functions of communication to the doctor and to the patient are absolutely different. In the first step, the objective
information transmitted to the doctor will influence his concept of the further care strategy. In the second step, each
patient receives objective information from the doctor. This information concerns the notification of the objectively existing
risk from the doctor’s perspective. But no patient is interested in the objective risk. Patients are interested in the concrete
significance of this news for her/his own future health. In other words, the doctor's objective message is perceived
subjectively by the patient. However, almost no patient can distinguish between objective risk and subjectively perceived
prognosis. In our experience, this also applies to doctors when they become patients themselves. This strategy is also in
line with the FFF rule of the designers. If the form/structure and function of a relationship are exchanged, the statements
that can be derived from this relationship will also change. In simple terms, the calculation of the traditional table is rotated
by 90° without changing the numbers of the table. Figure 1 illustrates this rotation using the example of X-ray

mammography as ‘test’ and the histopathologic examination of a biopsy specimen as ‘reference method’.
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A positive LR describes the proportion of positive biopsies among all biopsies in the subgroup
of patients with a positive mammogram

= A negative LR describes the proportion of positive biopsies among all biopsies in the subgroup
of patients with negative mammography.

A positive LR describes the proportion of positive mammograms in all mammograms in the
subgroup of patients with a positive biopsy.

VA negative LR describes the proportion of positive mammograms among all mammograms in
the subgroup of patients with a negative biopsy.

Result of histopathologic exam of biopsy (Reference)
Cases with posi- Cases with nega- Total number of
tive biopsy result tive biopsy result patients
Results ofim- | Cases with
aging method | positive result
(x-ray, com- of imaging
puterized to- method
mography, ul- | Cases with
trasound, negative result E
Positron of imaging F—
emission to- method
mography) Total number of
investigated
cases

Figure 1. Graphical analysis of a 2 x 2 contingency table using the example of breast cancer mammography and biopsie. Identical data can be
analysed differently depending on the direction of the transmitted information and thus fulfill different functions. In the case of a medical test,
traditional analysis describes the quality of the test to its user. The alternative analysis quantifies the health risks that can be communicated to the

patent.

In the traditional calculation, the +LR compares the frequency of having a positive X-ray result confirmed or not confirmed
by the examination of the tissue in mammography. The - LR describes analogously in the case of a negative
mammogram its agreement with the result of the tissue examination. Accordingly, the comparison of the two results (x-ray

and tissue examination) describes the quality of the test.

Results
(1) Four steps from the study question (front) to the mathematical confirmation (end).

The four-step strategy shown in Figure 2 includes [a] the clinical question (aim of study) in plain language, [b] the
description of the compared targets, [c] the formulation of the study hypothesis and [d] the statistical test confirming the

study hypothesis (Figure 2).
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(a) Clinical question
(aim of study) in plain

language

Congruence in 106 /119

Congruence in12/119

(d) Statistical test
used for
confirmation of the
study hypotheis

(b) Description of
compared study
populations

(c) Formulation of
Congruencein14/119 study hypothesis Congruence in 82/ 119

(e.g. superiority)

Figure 2. The way from (a) the study question in plain language to (d) the description of the applied statistical test in clinical studies. The total

numbers of compared studies (n = 119) and the numbers of studies with congruent content in the steps (a and b, b and ¢, c and d and d and a) are

shown. The least congruence (marked grey) was observed between step ¢ and step d. Expanded reference [13]

In each multi-stage process, part of the transmitted energy or information will be lost in the transition from one stage to the
next. In the clinical-question strategy described, we found differences in the transition from one of the four stages to the
next in 11%, 20%, 57% and 2% of the question. When applying stringent criteria, the initial question was congruent with

the mathematical confirmation in only 10% of the 119 studies.

(2a) Fourteen features describe the differences in the ‘front’ condition of care (PoP) and the end conditions of care (RWE)

of the front-endpoint processor.

Here we present the two functional and twelve formal (structural) items that characterize both the structured experimental
study condition (ESC) and the non-experimental, real-world condition (RWC). The ESC enables the description of the
PoP, i.e. the expected (not the observed) outcomes of ‘care as usual’ (CAU). The expected outcome represents the ‘front
message’ of information gain.

The scientific description of CAU can only succeed if the functions and the forms (structures) of CAU are specified. This
specification can only succeed if the traditional way of thinking is abandoned to gain knowledge in healthcare. The RCT
was a crucial milestone in the detection of outcomes in experimental studies. The effects of CAU cannot be observed
under experimental conditions. CAU initially appears to occur in a state of ‘natural chaos’ ['”]. The aim of evidence-based
medicine “...is the conscious, explicit and judicious use of current best evidence in making decisions in the care of

individual patients.” [18l.

Table Il describes a proposal to distinguish the three conditions of care based on functional and structural characteristics.
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Conditions

Functions and Forms
Functions

Provided type of care

Gained information

Experimental study.
Provision and analysis
of care in structured
conditions of an RCT*

Experimenal care

Proof of Principle (PoP)

Qeios, CC-BY 4.0

Pragmatic study.

Provision of care in un -
strucured conditions but
analysis in well-structured
conditions of a PCT*

Pragmatic care

Real-World Effectiveness (RWE)

- Article, August 13, 2024

Unstructured care in day-
to-day conditions with
evaluation of outcomes
in individual patients

Pragmatic care

No systematic evaluation

Forms [ structures

(c) Impact of patient risks on results
(d) Recording of applied interventions

(e) Study protocol

(f) Approval by IRB

(g) Consent collection of personal data
(h) Defined inclusion criteria

(i) Defined exclusion criteria

(j) Patient health problems

(k) Intervention selected by

(1) Research liability insurance

(m) Docs experience with clinical trials
(n) Consent with exp. intervention

Random distribution of risks

According to study protocol

Study protocol
Single and specified
Study protocol
Required

Required

Required

Endpoint-spec. risk classification

Classified by type and intensity

No formal control for risks
No standardized recordings
None

None

None**
None**

Table Il. Two functions (lanes a and b) and twelve forms (lanes c through n) define three different trials and three different conditions of care:

Experimental care used in Randomized Controlled Trials (RCTs) and Pragmatic care used either in Pragmatic Controlled Trials (PCTs) or in the

unstructured conditions of day-to-day CAU without systematic evaluation of outcomes. A yellow background marks forms and functions that are

different in the three conditions of care. Formal criteria that are identical in two of the three conditions of care are marked by a blue background. IRB:

Institutional Review Board. “RCT: Randomized Controlled Trial. *PCT: Pragmatic Controlled Trial. **None: Conditions defined in the doctor-patient

contract. Previous version published as preprint in reference [1314]

When care is provided under the CAU conditions, the natural chaos prevailing in a RWC, but the analysis of outcomes

under structured conditions, it will be possible to describe a RWE that represents the final message of information gain

(Table Il). The definition of CAU is addressed in more than 1000 publications. In six systematic reviews that included the

term CAU in their titles, various topic-related solutions were proposed without a valid definition of CAU [191[20121][22][23][24]

Although the results in Table Il describe the forms and functions rather than the definition of CAU, it indicates

comprehensible differences among three different care conditions. The initial differences were observed when we

compared the steps completed in experimental studies or in CAU [°6] and were further supplemented by information we

gained through discussions concerning the terminology conflict

(2],

(2b) The step-by-step description of combining the two seemingly contradictory conditions

The solution of contradictory conditions can succeed if it can be confirmed that a contradiction was only assumed but does

not really exist. This constellation applies to the design of the PCT, which can be used to prove the suitability of

healthcare services for everyday use.

The quality of any clinical study will be poor without a precise definition of the inclusion and exclusion criterid®.. It will be

influenced by the investigated clinical problem, the selection of the inclusion criteria, and the selected study endpoints.
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Inclusion criteria are identical in corresponding experimental and pragmatic trials, but study endpoints differ in RCTs and
PCTs. Experimental trials can assess the results of the primary endpoint in an experiment, while an observational method,
such as a PCT, can assess the results of several endpoints (e.g., main health problem, major side effects, monetary
costs) as a result of CAU.

The patients need to be stratified according to their individual risk profiles related to each of the assessed endpoints. This
stratification requires an algorithm that defines different risk classes. A similar algorithm is needed to define either single

treatments or classified types of treatments.

All interventions not included in one of the defined intervention groups will be summarized in a mixed control group of
different interventions. This mixed group may function as a reference group to compare the superiority of each of the

specified target interventions (Figure 3).

Information generated in Randomised Controlled
Trials (RCTs) or Pragmatic Controlled Trials (PCTs)

RCTs: random- PCTs: allocation depends on doctors decisions
based allocation and patient endpoint-specific risk profiles.

Treatment Treatment Any other treatm.
Endpoint #3 A B except ,A” or ,B"
High
Treatment Treatment Any other treatm.

‘

Endpoint #2 LAY B except A" or , B

. Treatment Treatment Any other treatm.
Endpoint #1 LAY B except ,A” or , B

High risk related
to endpoint #1

Interm. risk related . .

7and;wint #1
Low risk related to ql ~ “
endpoint # 1 “

Small or large differences

The randomization generates similar distribu-
tion profiles of risk. The groups get different
treatments. The results describe in each group Patient subgroups with identical risk profiles for each of the three
an average response of mixed risks indepen- selected end-points are generated by the endpoint-related risk-
dent of the assessed endpoint. stratifikation. The average risks are different for different endpoints.

Figure 3. Forms and functions of experimental RCTs and pragmatic PCTs. Modified from "% and published in [13114],

The primary analysis includes the horizontal comparison of results in patients within the same class of risk profiles. The
vertical analysis of the same data can detect additional information deriving from differences in risk profiles. In summary,
the amount of information obtained in a PCT (efficacy or PoP) is probably higher than the amount of information obtained
in a RCT (effectiveness) because RCTs include more unconfirmed assumptions about the composition of the sample

studied (number, types and interdependencies of risk factors) than PCTs.

A frequent methodological problem results when two different endpoints (e.g. survival and quality of life) are reported in

the same study. Most oncological studies use the design of a RCT to assess treatment effects on an objective endpoint,
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such as mortality, and a subjective endpoint, such as health-related quality of life (hrQolL) (2] Both effects were assessed
under experimental study conditions in a RCT and describe efficacy data ['2!. The unidimensional effect of treatment on
mortality can be reliably assessed in a simple experimental trial. The expected differences in survival will be smaller than
the expected effects on specific QoL dimensions, such as pain or mobility. The observed effects on these selected QoL
endpoints can frequently be missed when assessed under ESCs instead of RWCs ['2]. Assessing both endpoints, survival
and quality of life, under everyday conditions, i.e. in a PCT, offers the simplest solution to the problem. The

implementation of this PCT requires the following steps:
1. A proposed solution should be suitable for all patients who

1. suffer from a common current health problem,

2. are exposed to other risks in addition to the current problem, which we summarize as the concept of a patient’s
individual risk profile, and understand that

3. every physician will base his care strategy on the best of his knowledge and belief in the information he has gained

from a and b.
2. We need to define a study population characterized by

1. The precise definition of inclusion criteria to describe the investigated population. The reproducibility of results
depends on the precision of all definitions in this trial because all patients who meet the inclusion criteria must be
cared for.

2. Exclusion criteria do not exist in PCTs; all members of this population need to be included in RWCs.

3. Data protection regulations need to be strictly followed. Written informed consent is necessary due to the systemic

data collection.
3. Definition of the three study endpoints (for reasons of feasibility) include

1. main outcomes to be assessed,
2. main side effects to be recorded and
3. the cost of healthcare should only be relevant for the decision if the objectively demonstrable effects confirm

different equivalent strategies.

4. Definition of the endpoint-specific risk profiles (ESRP) of individual patients
This can be achieved by national scientific associations to guarantee the comparability of risk profiles within and

among different cultures.

1. Prepare a separate list of risk factors that influence one of the assessed endpoints, i.e. the list of endpoint-specific
risk factors.

2. Design the algorithm that describes the criteria for classifying endpoint-specific risk profiles that differentiate high-
risk from intermediate-risk and low-risk patients. The IT system in your PCT will use this algorithm for the allocation

of individual patients to the appropriate risk groups separately for all assessed endpoints and the final evaluation of
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study results.
3. Prepare a common list of all risk factors.
4. Use the common list to assess the individual risk profile of each patient before study entry. These individual risk

profiles will be stored in the study IT system.
5. Selection and use of the best possible treatment

1. The physician selects the best possible treatment based on the health problem, the risk profile and the preferences
of his individual patient.

2. All treatment components (e.g., doses, time schedule, initial treatment) need to be described according to the
individual study protocol.

3. Any change in the initial strategy needs to be reported (according to the individual protocol) together with the date

of change.
6. Stratify patients to the target groups or the control group.

1. To manage the huge variety of best possible treatment strategies, one or two treatment strategies of interest need
to be defined.

2. Patients who received a treatment of interest will be stratified to one of these specified target groups (two target
groups can be optimal to avoid too many subgroups).

3. All other patients will be stratified to the risk-specific mixed control groups.
7. Intervals for assessment of early and late outcomes

1. Two intervals between a patient’s study entry and assessment of the early and late responses are recommended
(e.g., 2 weeks and 2 months after study entry).

2. Remind the attending practitioner of the requested feedback.
8. Evaluation of results

1. The PCT results are evaluated and reported according to the triple-stratification (endpoint, endpoint-specific risk

profile and intervention) strategy. Further details are discussed in expert rounds.

(3) Quality criteria (front information) of tests and their psychological effects (end information) can be calculated from the

same contingency table.

We have recently shown that the traditional 2 x 2 contingency table contains additional information that has not been

described so far.
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Table lll a: Conventional 2 x 2 table Table Il b: 2 x 2 table with exchanged coordinates
Reference method Test method
(Sufficient condition) (necessary condition)
Biopsy Biopsy Total
X-ray X-ray Total
conf. not conf.
pos. neg.
bc.
Biopsy 7 3 10
. x-ray 7 449 456 =
5 B o conf. bc.
B pos. £ =
T o ® ©
2 5 E 5 :
) x-ray 3 4541 4544 o O Biopsy 449 4541 4990
E g €
s 8 neg. o 2 not conf.
g g g €
é Total 10 2990 5000 = @, Total 456 4544 5000
+LR=(7/10):(449/4990)=7.78 +LR=(7/456):(3/4544)=23.25
-LR=(3/10):(4541/4990)=0.33 -LR=(449/456): (4541 /4544)= 0.99

Table lll. Different types of information can be derived from the analysis of traditional 2 x 2 contin-gency table before and after exchange of the
coordinates. Both tables show data of the Breast Cancer Surveillance Consortium tool (https:/tools.bcsc-scc.org/BC5yearRisk/calculator.). The data
describe the numbers of women with positive or negative X-ray mammography results and positive or negative histopathological assessments

tissue samples collected by fine-needle biopsy. Modified from [14]

Part (Il a) shows the traditional arrangement of the table. A positive Likelihood Ratio (+LR = 7.78) means that a positive x-ray mammography (test)
will be observed 7.78-fold more frequently in women with a positive biopsy (confirming breast cancer) than in women with a negative biopsy (not
confirming breast cancer). A negative Likelihood Ratio (- LR = 0.33) means that a negative X-ray mammography (test) will be observed 0.33-fold
less frequently, i.e. in 1/3 of women with positive biopsy (i.e. in 3 out of 10 women; 33%) than in women with a negative biopsy (i.e. 4556 out of
4990 women; 91%).

Part (Il b) shows the same table after the exchange of the test method (necessary condition) and the reference methods (sufficient condition). A
positive Likelihood Ratio calculated from the inverted table (+LR = 23.25) means that the communication of a verified breast cancer to the patient
will be observed 23-fold more frequently in women with a positive x-ray mammography (suggesting breast cancer) than in women with a negative
X-ray mammography (no sign of breast cancer). A negative Likelihood Ratio (- LR = 0.99) means that a negative biopsy (i.e. a biopsy not detecting
cancer) will be observed with the same prevalence in women with negative or positive X-ray mammography.

In summary, the + LR calculated from the conventional table is strong enough (marked yellow) to confirm the investigated condition, i.e. breast
cancer. This test can be used to confirm the investigated disease. In contrast, the — LR is too weak (i.e. similar ratios in biopsy positive and biopsy
negative samples) to exclude the investigated disease. That means that this test cannot be used to exclude the investigated disease. In the table
with exchanged coordinates (Table Il b), the + LR is strong enough to induce anxiety and fear as the communication of a positive X-ray
mammography will be 23-fold more often be verified by the biopsy in the x-ray positive group than in the x-ray negative group. In contrast, the — LR
is too close to the indifference value (- LR = 1) that describes identical prevalences of biopsy results X-ray mammography positive and negative

groups of women.
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This new information can be quantified by exchanging the positions of the two coordinates in a traditional 2 x 2
contingency table (Table Il a/b) for calculation of the positive (+LR) and negative (-LR) likelihood ratios. The two

conditions are the test method or necessary condition and the reference method or sufficient condition for calculation.

In the analysis of a conventional 2 x 2 contingency table, the physician or scientist derives information from the test and
the reference method, both of which were performed on the patient. In this case, there is a flow of information from the
patient to the physician or scientist. When exchanging the necessary condition (i.e. the test method) and the sufficient
condition (i.e. the reference method), the generated information presented in the 2 x 2 contingency table flows from the
physician to the patient, i.e. in the opposite direction compared to the flow of information calculated from the traditional
contingency table.

Based on informal experience, we hypothesized that the communication of unwanted information (bad news) from the
patient perspective may induce anxiety and fear, while the communication of the expected information (good news) may

increase the patient’s sensation of perceived safety, i.e. the subjective perception of objective risks 2611271,

The two traditional and independent properties of a test, the confirmation or exclusion of an investigated condition, are
shown in Table llla. We recently reported that the psychological effects induced by informing the subject of his/her test
results can be quantified without collecting new data. New information can be obtained simply by exchanging the two test
conditions, the necessary condition (or test method) and the sufficient condition (or reference method) (26, Using
mammography as an example, the traditional way of obtaining information corresponds to a flow of information from the
patient to the doctor. The doctor gains new information, i.e. the diagnosis from data collected from the patient. The new
way to obtain information corresponds to a flow of information in the opposite direction i.e., from the doctor communicating
the test results to the patient. This news can be desired (good news) or feared (bad news) from the patient's perspective.
Using data from ten real and assumed test conditions, we were able to show that the risk of confirming an undesirable test
result by the reference method is significantly higher in the test-positive group (up to 5900 times) than in the test-negative
group. In the example (Table Ill b), the risk of a confirmed breast-cancer diagnosis is about 23 times higher in the test-

positive group than in the test-negative group.

Discussion

This thesis aims to make a methodological contribution to the proof of the quality of scientific products. In previous
papers, we identified and solved the ‘efficacy / effectiveness’ terminology conflict by applying the FFF-rule (Form Follows
Function) of American designers and architects ['2/['3]. We want to show that another rule, the front-end processor (FEP)

developed for quality controls of industrial products, is also a useful tool for assessing the quality of scientific products [”.

The designers’ FFF-rule was used to confirm the congruence of the study question and the scientifically confirmed
answers in clinical trials. This confirmation was shown using three examples: the agreement of the clinical study question
with the mathematical confirmation of the study hypothesis; the agreement of the criteria, which are identical to or different

from proof of principle and real-world effectiveness; and, finally, the agreement of objective risks with their subjective risk
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perception influenced by unavoidable information effects.

The expected outcomes can hardly be confirmed if the definition of the predicted and the confirmed outcomes are
described using different criteria [°8. Such problems can be detected in several papers. One of the causes of these
asymmetrical effects is the disregarded variance of the subjective perceptions of objective risks 26129 It is the joint task
of citizens and their political representatives to articulate justified patient demands. We have dispensed with the
nomenclature of "necessary" and "sufficient" conditions used in mathematics here, because in health care the INUS
condition, i.e., "an insufficient but necessary part of a necessary but insufficient condition" must also be taken into
account (3931 The prospective quantity and quality of goals is indispensable if the financing of a healthcare system is not
based on the services provided, but on the added health value achieved. Numerous publications describe contributions to
results-oriented financing of healthcare services. However, we could not find any article in which the three methodological
prerequisites, the risk profiles of the compared patients, representative samples of the CAU and the concrete objectives
of healthcare were described. Without knowledge of these three factors, the resulting subjective perceptions of objective
risks cannot be assessed [32]. Accurate scientific questions require the consideration of three risks: the imprecise study
question, the inappropriate interpretation of reliable results and the distorted perception of objective risks through anxiety-
or fear-inducing information. Our presentation describes the importance of a precisely stated study question because the
answer to it can be right or wrong, but answers to imprecise study questions are almost always wrong. Therefore, the

effort expended to formulate a precise question is the lesser evil.

Three forms of bias (A, B, C) influence the decisions of three professional groups (a, b, ¢) designing and delivering
healthcare. These three forms of bias are (A) the incorrectly formulated study question, (B) the wrong interpretation of
correctly assessed outcomes and (C) the effects of bad news on decisions made by (a) scientists, (b) practitioners and (c)

policy makers.

In the first part we discuss the significance of the multiple losses of information that occur on the way from the clinical
question to the mathematical confirmation of the hypothesis. This demonstrates the need for correction. The loss of
information from the first to the fourth transition is 11%, 20%, 57% and 2%. These figures confirm that a significant part,
about 90%, of the information can be lost on the way from the question to the mathematical confirmation of the study
hypothesis. When interpreting these data, two effects should be considered. With any multi-step process, loss occurs at
every transfer. In our case, part of the information is lost. When rearranging the sequence of the questions that were
asked in the dissertation project, we noticed that different names were sometimes used to describe the same target. This
resulted in minor quantitative deviations, which did not influence the interpretation of the results. Most of the information
loss (57%) was caused for security reasons and is easy to correct. In clinical epidemiology, there is a consensus on the
use of one-sided or two-sided statistical tests [°3/34]. A two-sided statistical test has two functions. It detects an existing
difference and indicates the better solution. One-sided tests are sufficient to confirm the difference if the better solution is

already known (e.g. in a placebo-controlled study). They should not be misused to enhance unsuccessful experiments.

In the second part, we explain that almost every patient has an individual health-risk profile because most patients suffer

from more than a single health problem. Randomization can ensure the equal distribution of single risks under ideal study
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conditions but cannot compare the outcomes of healthcare under the conditions of the ‘natural chaos’ prevailing in

everyday healthcare. This natural chaos cannot be avoided

This problem can be solved by an algorithm that defines the risk factors which classify all study participants as either high-
risk, intermediate-risk or low-risk subjects. Second, the risk profile of each individual patient depends on the assessed
endpoint. The risk profile related to myocardial complications is different from the risk profiles of frequent side effects, like
allergic reactions. The algorism defining risk classes needs to be defined separately for all PCT endpoints. This problem
can hardly be solved by multiple randomization, but by the Bayesian principle, which appropriately describes the effects of

different risks on defined endpoints.

In the third part, we show that the communication of unwanted messages in the media can induce considerable
uncertainty and fear, which have a significant influence on the ability to make rational decisions. The rate of unconfirmed
and unsolicited messages is probably high, especially in international conflict situations. Most of the population is exposed
to this information. If scientists and physicians want to maintain self-critical control of the own professions, they need to
remember that many results and diagnoses are perceived as prognoses, although hardly any measured result and no
diagnosis justifies a prognostic statement without additional specification or confirmation. If a patient's clinical findings do
not match the test results, not the patient, but the test should be subjected to a quality check. Perhaps we should more
critically consider the power of information [3%/. We need trustworthy institutions capable of verifying the validity of
undesirable information disseminated by the media. If the validity of communicated information cannot be confirmed,

undesirable effects could be reduced by appropriate comments from such institutions.

In summary, we assume that conscientious doctors make their decisions based on their patients’ perceived risk profiles.
The method for optimizing healthcare is not new, but the understanding of natural processes has increased. Today, in
many situations — except for many psychological effects inside and outside of evidence-based medicine — we can
explicitly define the risks that could previously only be perceived implicitly. We can also add two comments to Sir JA Muir
Gray's statement, “Scientists make decisions — policy makers take decisions” [°6]. Scientist’s decisions should be based
on objective RWE data whenever available, while policy makers’ or mangers’ decisions will always be based on subjective
values due to the multiple aspects that need to be considered. Scientists should first submit their proposed decisions —
sometimes from different perspectives with different conclusions — followed by the policy makers’ or managers’ selection
of the final decision.

The importance of these methodological considerations only becomes clear when one realizes their consequences. One
of the important lessons that we can draw from our reflections concerns the lack of scientific precision of some health
policy definitions. These entail cost-intensive measures without having compared the ethical, medical, epidemiological,
economic, legal, and political risks with the added value achieved. Front-end processor (FEP) violations influence almost
all balancing decisions in healthcare. A constructive discussion of unexplained observations such as the lack of
international consensus on the recommendations in clinical guidelines [*71%8] and an update of the concept of clinical
economics (CLINECS) [3911401141142] wi|| result in a higher economic added value than any turnover-based strategy.

Prudent economists use compatible stabilizers from neighboring disciplines to increase their own chances of success.
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