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Abstract—Although thousands of biomarkers have already
been discovered, not many have been applied into clinical
practice, due to the high time and monetary resources necessary
for their identification and validation. Due to its complexity and
heterogeneity, and consequent lack of specific biomarkers, COPD
is ideal to apply the model developed in this thesis. With the
purpose of evaluating and selecting the most promising COPD
prognostic biomarkers, a MCDA model was developed, with
focus on the structuring phase, using a socio-technical approach
based on the MACBETH method, including an assessment of
areas of concern in the biomarker field, the definition of criteria
for biomarker selection (using literature, interviews and a Web-
Delphi) and the design of the resultant value tree. Results show
that experts believe that the clinical relevance, clinical added
value, quality of studies and test reliability are relevant criteria,
while the costs of development, the patient comfort and the
easiness to measure, analyse and interpret are secondary, as
one must give up certain benefits if the biomarker significantly
improves the patients’ health/well-being. Although ten evaluation
dimensions were considered relevant by experts, some dependen-
cies were found, leading to the grouping and reformulation of
the dependent dimensions. Despite some difficulties, the approach
applied in this thesis worked well, resulting in a good structure
for the MCDA model, with seven well defined and relevant
evaluation criteria for the prioritization of biomarkers. In the
future, it would be interesting to complete the model, including
the building, testing and validation phases of the model.

I. INTRODUCTION

According to the National Institute of Health Biomarkers
Definitions Working Group, a biomarker is a “characteristic
that is objectively measured and evaluated as an indicator of
normal biologic processes, pathogenic processes or pharma-
cologic responses to a therapeutic intervention” [1]. Recently,
as a result of the advancement in personalized medicine, a
biomarker can also be perceived as an indicator that enables
the development of treatment interventions for specific pa-
tients, maximizing therapeutic benefits and minimizing the risk
of treatment [2].

Biomarkers are used in all stages of drug development,
being a valuable tool to create safe and efficacious drugs,
by providing greater accuracy or more complete information
regarding disease progression or drug performance [3]. They

can be classified as one, or several, of the following categories,
depending on their use and clinical context: diagnostic, prog-
nostic, predictive, monitoring, response, safety or susceptibil-
ity biomarker [4].

Thousands of proteins have already been proven to be
hallmarks of emerging disease, prognosis of a patient or
response to treatment. The identification of protein biomarkers
associated with a disease is essential for the improvement of
personalized medicine based on blood tests, since they have
a great impact in drug discovery and development, possibly
leading to better disease outcomes, such as higher patient
survival and lower healthcare costs, among others. However,
even though several biomarkers have been discovered and
presented in studies, there are not many that have been applied
into clinical practice (only about one hundred and fifty out
of thousands of identified biomarkers), due to the fact that
the process of identification and validation of disease specific
biomarkers is very time consuming and requires many re-
sources, as well as to the fact that some studies that determine
the clinical value of a biomarker are not reproducible and
that some studies do not match regarding requirements for
regulatory and marker approval [5]. In fact, the whole process
of biomarker discovery and development is estimated to cost
between 800 million and 1.7 billion dollars, requiring between
7 and 12 years [3][4]. Therefore, it is necessary to narrow
down the number of candidate biomarkers, in order to start
the validation and translation into clinical applications process
with the best possible candidates, so the investment, both in
time and money, can be minimal, while achieving the best
possible results.

In order to increase the number of clinically validated
biomarkers, instead of increasing the number of studies that
discover new ones, the Cost Action European project, Clin-
iMark, aims to improve the quality and reproducibility of
studies and to create the Best Biomarker Practice guidelines, in
order to establish a coherent biomarker development pipeline
from discovery to clinical application, which shall provide
guidance to [5]:

• Classify biomarkers considering their characteristics, pre-



dicted clinical use and phase of development;
• Select and validate appropriate research-grade biomarker

detection tests;
• Select studies and biological samples that have been

designed appropriately and that can be reproduced, to
reliably validate biomarkers on a clinical level;

• Select and report on appropriate clinical data storage,
biomarker data storage, data analysis protocols, privacy
concerns, ethical issues, and statistical analysis methods.

To demonstrate this project, which is also being developed
with the MEDI-VALUE research project, which develops
collaborative approaches in Multiple-Criteria decision analysis
(MCDA) to evaluate medical devices, Chronic Obstructive
Pulmonary Disease (COPD) will be used as an example.
COPD is a complex and heterogeneous disease, caused mainly
by cigarette smoke, that is characterized by persistent and
progressive airflow limitation and associated with an abnormal
chronic inflammatory response of the lungs due to noxious
particles and gases, leading to an acceleration of structural
changes and narrowing of airways and, consequently, decline
in lung function [6][7]. It has been reported that COPD
kills more than four million people per year [8] and that by
association with its high prevalence, COPD generates signifi-
cant social and healthcare costs [7], resulting in $44 billion
healthcare expenses every year [8]. Due to its complexity
and heterogeneity, as well as to its molecular and clinical
characteristics, there is great difficulty to efficiently stratify the
patients and to introduce personalized therapeutic approaches,
which, together with the fact that the currently available
clinical tools do not predict the progression and exacerbations
of this disease efficiently [5], makes COPD a great candidate
to demonstrate this project with, due to its clear need for new
drugs that can solve some of its major clinical problems: and
it all starts with biomarker prioritization.

With all this in mind, an extensive literature survey about
COPD biomarkers has been conducted, considering all liter-
ature published between 2016 and 2018, plus the biomarkers
and articles mentioned in S. Ongay et al. [9], resulting in a
list of about one hundred of the most promising candidate
biomarkers for COPD. There are several proteins in this list
that showed interesting measurement values, with distinct
statistical power, as well as interesting outcomes, with high
relevance to COPD, when investigated by different research
groups. Some proteins had different applications suggested by
different authors, likely due to the objective of each study, and
there were several proteins that showed potential for more than
one outcome, such as diagnostic and prognostic, or context of
use. The same way, one specific prognosis, such as mortality
or exacerbation, can have several biomarkers associated with
distinct biological functions. However, it is very likely that not
all selected biomarkers will be relevant in drug development
in COPD.

For this reason, it is now necessary to evaluate all the
biomarker candidates and select the most promising ones, to
be further analysed and tested. MCDA methods and tools
have been identified as a good option to reach this goal, by

helping researchers in optimal decision making and involving
the knowledge of multiple stakeholders (researchers, clinicians
and pharmaceutical industry), while building an evaluation
model. Therefore, the proposed solution to the problem above,
and main goal of this thesis, is to create and test a MCDA
approach, with focus on the structuring of the model, to help
researchers and clinicians in COPD biomarker prioritization,
but that can be adapted and used for any given disease, and
not only COPD, which will be used solely as an example to
apply the created model and to demonstrate and evaluate its
results. Furthermore, by facilitating the biomarker prioritiza-
tion process, and by selecting the most promising biomarkers,
this approach will help reducing significantly both time and
money resources associated with the process of identification
and validation of disease specific biomarkers.

II. LITERATURE REVIEW

A. Prioritization Approaches - Multiple Criteria Decision
Analysis and the MACBETH approach

There are several decision making techniques available, but
we chose to use MCDA models for biomarker prioritization in
this thesis, because they are not only some of the most com-
monly used approaches for priority-setting [10], but they can
handle problems with multiple objectives, have an encompass-
ing nature, are intuitive, have theoretically sound methods to
balance benefits, costs and risks, allow for the use of different
types of data, allow the involvement of different stakehold-
ers, taking their preferences and values under consideration,
have easily understandable outputs [11][12], and promote
transparency, accountability and reasonableness in decision-
making [13]. This technique also has the great advantage of
capturing the knowledge from a decision, making it reusable
for others who need to make the same decision, or a similar
one [14]. Considering that the purpose of this thesis is to create
a generic socio-technical approach to assist researchers and
clinicians in the selection of the most promising biomarkers
for validation and translation into clinical applications, the
previously mentioned advantages of MCDA make it a very
promising approach.

MCDA is a tool used for decision making, that uses a set
of quantitative and qualitative approaches, that simultaneously
and explicitly takes under consideration multidimensional and
often conflicting factors, allowing for comparison of tech-
nologies, namely medical, by combining individual criteria
into one overall assessment. This approach has the potential
to overcome the challenges presented by traditional decision-
making tools, in particular when the decision-making is com-
plex and includes multiple criteria, multiple stakeholders and
both quantitative and qualitative data [15], which is ideal in
Healthcare Technology Assessment (HTA), where decisions
are not only complex, but also involve uncertainties and have
to consider the preferences and values of stakeholders.

According to A. Angelis and P. Kanavos [16], there are
several MCDA approaches, which can be classified in three
different groups: (a) value measurement methods, which in-
cludes Multi-Attribute Value Theory (MAVT), (b) outranking



methods and (c) ‘satisficing’ and aspiration level methods. In
this thesis, we wanted to use a value measurement method,
due to the simplicity of the required value judgements and to
the fact that they can be applied to multiple decision contexts.
More specifically, we wanted to use a MAVT method, since
they are comprehensive, robust and they are able to reduce
motivational biases and ambiguity [16]. As a result, AHP, as
well as all the other MCDA methods that do not respect the
theoretical foundations of MAVT, has not been considered
to be used in this thesis, even though it is one of the most
frequently used and implemented MCDA methods [17].

Therefore, we analysed some of the most well known
and most used MCDA methods that respect the theoretical
foundations of MAVT, according to C. Bana e Costa [18],
including bisection techniques and direct rating (methods used
for scoring), trade-off, swing weighting and point allocation
(methods used for weighting) and MACBETH (method used
for both scoring and weighting), in order to select the most
suitable one for the objective of this thesis.

After analysing all the options, while considering the char-
acteristics of the problem presented in this thesis, we opted to
use Measuring Attractiveness by a Categorical-based Evalua-
tion Technique (MACBETH) as our multiple criteria decision
method, since it can be used for both scoring and weighting,
it is a non-numerical approach, which makes it easier for the
decision-maker to express value judgements, and because we
considered it the best option to answer the problem presented.

According to C. Bana e Costa et al. [19], MACBETH is
a ”humanistic, interactive and constructive approach to the
problem of how to build a quantitative model of values based
on qualitative (verbal) difference judgements, that facilitates
the path from ordinal to cardinal preference modelling, namely
analysing judgmental inconsistency and offering suggestions
to move the process forward”. The fact that this method allows
quantitative models to be built based on qualitative judgements
makes the whole process significantly simpler, which is a great
advantage.

The MACBETH process, like any multicriteria analysis
process, usually starts with an analysis of the context of
the problem, followed by a discussion and definition of the
exclusion and evaluation criteria, as well as the descriptors of
performance (either quantitative or qualitative). The next step
is the definition of the levels of performance and reference
levels to be used for building the value function. Next, the
MACBETH protocol for questioning the decision-makers is
used, in order to obtain pairwise absolute judgements on
differences of attractiveness between levels of performance
or options of the criterion, using the semantic scale: null,
very weak, weak, moderate, strong, very strong, extreme. If
the answers are consistent, the M-MACBETH software will
then suggest a quantitative value scale, through the resolution
of a linear programming problem, which should be adjusted
and validated with the decision-maker. In case the answers
are not consistent, M-MACBETH will suggest an alternative
to make them consistent. Following the creation of the value
scale, the global value of each proposition is calculated, using

the additive aggregation model. Finally, a robustness and
sensitivity analysis of all the options considered to answer
the problem in hand is performed. With all the information
obtained, one of the options will be recommended as the best
or most promising [19][20].

Although there are several examples in literature about the
use of MCDA and MACBETH in healthcare, namely for
supporting planning of decisions in the long-term care sector
[21], hospital auditing [22], building a population health index
[23], assisting in the diagnosis of Alzheimer’s disease [24]
and evaluating health and safety risks [25], there are very few
studies regarding the use of MCDA in biomarker prioritization,
one example being the study by A. Miquel-Cases et al. [26],
where MCDA is used, among other techniques, to select the
most promising biomarkers for breast cancer, but with no
particular focus on it.

As for the specific case of COPD, although there are
articles where MCDA is used in association with it, namely
in the study by K. Marsh et al. [27], where an evaluation
of COPD treatments is made using MCDA, there is almost
no information regarding biomarker prioritization in COPD
using this method, even though there are some studies where
biomarkers are prioritized in some other way, namely in the
study by S. Ongay at al. [9], where biomarkers are prioritized
by applying several criteria individually, including the number
of individuals considered in the cohorts and statistically signif-
icant differences between COPD patients and healthy smokers.

B. Participatory Methods

As MACBETH includes both technical and social compo-
nents, it is a socio-technical approach [28]. Consequently, it
requires the appropriate usage of participatory methods.

A participatory method is an approach that involves ”the
public” relevant to the topic being evaluated in decision-
making processes. The public can include citizens, stakehold-
ers of a particular project, experts or even members of private
industry and government. When applied early in a decision-
making process, participatory methods allow the participants
to share their perspectives on the issue being evaluated,
being useful to achieve consensus when there are differences
in opinion or conflicts among the participants. Using these
methods allows all voices to be heard, leading to a more
democratic decision-making process and to an improvement
of the quality of the decisions [29].

However, there are many participatory methods available.
Some of the better known and most used ones, based on N.
Slocum [29], are: charrette, citizens jury, decision conference,
delphi, expert panel, interviews, participatory assessment,
monitoring and evaluation, planning cells, scenarios workshop
and world café. When deciding which method to use, it is
important to consider five elements: objectives, nature and
scope of the issue, participants, time available and budget [29].

During the structuring of the model, which is the focus of
this thesis, we want to interview a few experts, followed by
the gathering of the opinion of a great number of experts
from different geographies in an easy and confidential way



(therefore, an online method would be preferable), the time
available is very reduced and there is no budget. Therefore,
the interviews and the Delphi method are the methods that
will be used as they are the ones that responded better to
the presented specifications. During the remaining phases,
the Delphi method would be used as well, but we would
also want to confirm our results and decisions, in order to
reach consensus, and to validate the model, for which a
decision conference would be the ideal choice. Therefore, a
collaborative value model, which is a socio-technical model
that combines multicriteria decision conferencing and the
Delphi participatory process, with the goal of building widely
informed evaluation models, will be applied in this thesis.
This model allows for a unique collaborative learning, where
participants are seen not only as experts providing individual
expertise, but also as collective learners that construct shared
judgemental knowledge, leading to widely informed and more
acceptable evaluation models [28].

III. METHODOLOGY

In this thesis, and with the purpose of designing an ap-
proach that allows for the prioritization of COPD prognostic
biomarkers and, therefore, the reduction of time and monetary
resources associated with the process of identification and
validation of disease specific biomarkers, a socio-technical
approach was be used, which includes the technical elements
of a MCDA model, but also the social elements of partic-
ipatory methods, resulting in an approach where scientific
evidence is combined with the opinion of different stake-
holders and experts, where there is better communication and
a shared understanding of the issues and where a sense of
common purpose is generated [11][30]. By using multiple
sources of information (researchers and clinicians), the amount
of information available to build the model is maximized,
the potential impact of sources that rely on unreliable and
inaccurate information is reduced and the model becomes
more inclusive and representative, leading to more validity and
credibility [30].

As demonstrated in Figure 1, the MACBETH socio-
technical approach to build a multicriteria model to prioritize
biomarkers can be divided in three main phases: model struc-
turing, model building and model testing and validation. These
phases are then divided in technical and social approach: the
technical component involves the use of MACBETH, while
the social approach has the purpose of providing the necessary
information to build the multicriteria model, using web-based
Delphis, interviews and decision conferences, because it was
decided that the model created in this thesis would be based
on collaborative value modelling, since it elicits and analysis
individual judgment knowledge from a very large and diverse
group of individuals [28]. However, in this thesis the focus
was on the structuring phase.

First, it was necessary to have a facilitation team, which was
responsible for managing the dynamics of the whole process
and for guaranteeing its success, as well as for conducting the
activities during MCDA model building [28].

Figure 1: MACBETH socio-technical approach design for
the prioritization of biomarkers (inspired in the methodology
of the EURO-HEALTHY project [31] and adapted to the
biomarker context).

In the model structuring phase, we started by assessing the
areas of concern in the biomarker field, based on literature and
on the input from the decision-maker, in order to understand
what was the problem, the key components of biomarkers’
benefits, risks and costs and what needed to be done. After
the areas of concern had been defined, the next step was the
definition of exclusion criteria, which would allow for the
automatic rejection of some of the biomarker options. This
was followed by the creation of a list that included all relevant
biomarkers’ options to be considered in the decision-making,
based on literature. After the list was complete with all the
biomarkers approved after the application of the exclusion
criteria, the evaluation criteria to be used in the decision-
making process were determined, along with their descriptors
of performance and reference levels, which should address
the objectives and concerns that experts find fundamental to
evaluate the biomarker options. Before the evaluation cri-
teria are confirmed to be preference independent, they are
called evaluation dimensions. Therefore, first of all, a list of
possible EDs was created based on evidence analysis, and
the correspondent descriptors of performance and reference
levels good and neutral were defined. Secondly, this list was



presented to a few selected experts and a semi-structured
interview was conducted with the purpose of changing, adding
or eliminating any ED. Finally, in the form of a web-based
Delphi, a larger group of experts was presented with the
updated list, where they had to give individual qualitative
judgements regarding the relevance of each proposed ED, but
could also add comments, in order to reach an agreement about
the EDs to be used. After this, a test on preference dependence
was conducted (where two experts were interviewed) to verify
if all EDs were independent, followed by a restructuring of the
model due to some dependencies that were found, resulting
in a final list of independent EDs, called evaluation criteria.
The chosen criteria were then assigned to one area of impact
(benefits, costs or risks) and, finally, a value tree was designed,
with the criteria divided according to their area of impact.

IV. RESULTS

A. Areas of Concern and Context of Use

Based on evidence analysis and with input from the
decision-maker, it became clear that the most relevant areas
of concern in the biomarker field are benefits for the patient,
the associated costs and the eventual risks. Therefore, each
evaluation criteria to be defined will be included in one of
these three categories.

Among the seven different biomarker categories, there are
different characteristics and objectives. Consequently, compar-
ing biomarkers that belong to different categories is substan-
tially more complex than comparing biomarkers among the
same category. Therefore, in order to reduce the complexity of
the model, we opted to focus in only one biomarker category
and context of use (COU), reducing, as a consequence, the
number of candidate biomarkers. The choice was based on
the biomarker category and respective COU that presented the
largest number of biomarkers investigated, reflecting the great-
est clinical needs in COPD, based on evidence from literature.
Biomarkers for prognosis of exacerbation and mortality are
the most investigated category of biomarkers until this day.
Therefore, we will be focusing on this biomarker category
and its associated COU will be to enrich clinical trial/further
validation research for an event or population of interest.

B. Definition of Exclusion Criteria

Before defining the evaluation criteria, it is necessary to
define the exclusion (or screening) criteria, which are used to
automatically reject some biomarkers.

These criteria are established by the decision-maker and,
for biomarker prioritization, they are: biomarkers cannot be
validated or in the qualification phase by Food and Drug
Administration (FDA); biomarkers cannot have a low amount
of information associated; and biomarkers must be associated
with studies that analyse more than one hundred individuals.

Only the biomarkers that are approved after the application
of the exclusion criteria are considered in the model.

C. List of Biomarker Options

When this thesis was proposed, there was already a list of
over one hundred biomarkers to be considered, obtained from
literature published between 2016 and 2018. As a complement,
and based on the work of S. Ongay et al. [9], new biomarkers
found in literature until 2016 were added to the initial list.

After all possible biomarker options were gathered, they
were divided according to their category. Since we chose to
work exclusively with prognostic biomarkers, only those were
selected. Afterwards, the remaining options were filtered using
the exclusion criteria previously defined.

D. Definition of Evaluation Dimensions, Descriptors of Per-
formance and Reference Levels

D.1. Evidence Analysis

This phase consisted on the definition of a list of evaluation
dimensions (EDs), which are evaluation criteria that have not
been proven to be independent yet, based on literature, and
subsequent formulation of their descriptors of performance and
reference levels based on logic and examples and information
found in literature. As a result, an initial list of nine eval-
uation dimensions and their descriptors of performance and
reference levels were defined. The nine evaluation dimensions
were: clinical added value, clinical relevance, patient comfort.
quality of evidence, easiness to measure, analyse and interpret,
reproducibility of results, expected utility in drug development,
costs of validation and utility and ethical issues.

D.2. Interviews

In this phase, four experts (two researchers and two clin-
icians, members of CliniMark) were interviewed via video
call, with the purpose of analysing the relevance of each of
the previously defined evaluation dimensions, verifying the
quality of their descriptions and descriptors of performance
and the rightness of the reference levels attributed, suggesting
alterations, if necessary, and suggesting new EDs believed to
be relevant for the purpose at hand.

In a general way, the four interviewed experts agreed with
the EDs presented, their descriptions and respective descriptors
of performance. However, there were several suggestions made
and, in some cases, some differences in opinion between the
experts. As a result, a new ED was created and several EDs
were reformulated (either names, descriptions, descriptors or
reference levels). For example, the quality of evidence became
quality of the study and a new ED was created, level of
evidence, as a complement to it. Also, the reproducibility
of results became test reliability because, if the reliability
of a test is high, then that test is accurate, reproducible
and consistent from one trial to another. This way, the ED
became more complete. As for the costs of validation and
utility, it was suggested that the ED name should be “Costs
of Development”, as the development phase includes both the
analytical validation and the utility studies. In the end, a list of
ten evaluation dimensions was obtained: clinical added value,
clinical relevance, patient comfort. level of evidence, quality
of the study, easiness to measure, analyse and interpret, test



reliability, potential value to address an unmet need in drug
development, costs of validation and utility and ethical issues.

D.3. Web-based Delphi

Contrarily to the two previous phases, this one was designed
with the sole purpose of determining the relevance of the pre-
viously defined evaluation dimensions, based on the opinion of
a great number of experts, instead of defining and improving
the EDs, descriptors of performance and reference levels.

In this phase, regardless of the round, the 22 experts
(researchers and clinicians, all members of CliniMark) that
participated in the three rounds were asked to evaluate the
relevance of the ED obtained after the interviews, which were
inserted in the web-based Delphi as indicators, each with a
description associated containing not only the description of
the ED in question, but also the descriptors of performance and
reference levels associated so the experts participating could
inform themselves before deciding on its relevance.

Being able to change or maintain their opinions after
analysing the answers of the other participants, led to an
increased agreement between participants throughout the three
rounds. Three rounds proved to be enough to reach stability
in responses and consensus between the participants.

There was a solid number of participants throughout the
three phases, with only three drop-outs out of twenty-four
participants (13% drop-out rate), resulting in an inclusive and
representative and, consequently, valid and credible model.
The rigor was maintained throughout the whole web-Delphi
process, as the response rate surpassed 90% in both round two
and three. During the whole Web-Delphi process, reminders
were sent regularly to experts who had not completed the
questionnaire yet and deadlines were extended in the first two
rounds. This two measures helped increasing the number of
participants during the first round and decreasing the drop-
out rate in the second and third rounds, leading to a greater
representativeness of all points of view.

After the third round, EDs were approved either if the
percentage of Strongly Agree votes was superior to 50% and
the percentage of Disagree and Strongly Disagree votes was
inferior to 33% or if the percentage of Strongly Agree votes,
plus the percentage of Agree votes, was superior to 75%. As
we can observe in Figure 2, where the results of the third round
are presented, all ten EDs were considered to be relevant by
more than 75% of the experts.

As one cannot assume that the results of the Web-base
Delphi are one hundred percent trustworthy, since the par-
ticipants do not interact with each other and no numerical
judgements are obtained, the results were present to Doctor
Deborah Penque, proteomics expert, who did not participate
in the process, so she could decide if, based on the results and
in her expert opinion, every evaluation dimension, specially
the ones with lower agreement percentage, should actually
be considered as relevant. In her opinion, since we are in an
exploratory phase, we should accept all evaluation dimensions,
including those that raised some doubt, because even those
presented a high percentage of acceptance. As a result, the ten

Figure 2: Results of the third and last round of the Web-Delphi
to determine the relevant evaluation dimensions for biomarker
prioritization.

proposed evaluation dimensions were considered to be relevant
for the prioritization of prognostic biomarkers in COPD.

D.4. Test on Preference Dependence

This phase started with a reflection regarding the possibility
of some evaluations dimensions depending on each other.

To facilitate the process, two clusters were created: one
regarding evaluation dimensions related to the clinical ben-
efit of the biomarkers (which included clinical added value,
clinical benefit and potential value to address an unmet need
in drug development), and another related to the the studies
and methodologies associated with each biomarker (which
included level of evidence, quality of the study, test reliability
and easiness to measure, analyse and interpret.

After pondering on the possibility of eventual dependencies
among this evaluation dimensions, the following groups were
considered to be possibly preference dependent:

• Clinical added value, clinical benefit and potential value,
because these three EDs relate to the clinical benefit of
the biomarker. Therefore, preference dependence must be
tested for the three possible pairs.

• Quality of the study and level of evidence, because these
EDs are both connected with the study.

• Quality of the study and test reliability, because for a
study to be good and trustworthy, the tests performed
must be reliable.

The easiness to measure, analyze and interpret was not
considered to be possibly preference dependent on another ED,
namely the test reliability or the quality of the study, because
it has no direct connection with the quality or reliability of
the study, but with the easiness to apply the methodology and
analyze the results. The remaining EDs were not considered
to have any connection in terms of preference with the other
EDs.

After the evaluation dimensions to be tested were defined,
two experts in the field of biomarkers were interviewed via
video call, with the purpose of determining if there were
preference dependencies among each pair. The results of the
test can be observed in Table I.

Considering the results obtained, where three pairs of
evaluation dimensions were found to be preference depen-



Table I: Results of the test on preference dependence for
each of the four swings (Sx): unilateral preference dependence
(UD), bilateral preference dependence (BD) or preference
independence (I)). The judgements were made based on the
MACBETH semantic scale: null (N), very weak (VW), weak
(W), moderate (M), strong (S), very strong (VS), extreme (E).

Evaluation
Dimensions S1 S2 S3 S4 Result

Clinical Relevance/
Clinical Added Value

S/
VS

S/
VS W M UD

Clinical Relevance/
Potential Value to
Address an Unmet

Need in Drug
Development

W W VS VS I

Clinical Added Value/
Potential Value to
Address an Unmet

Need in Drug
Development

W W S VS I

Level of Evidence/
Quality of the Study

M/
S W M M UD

Quality of the Study/
Test Reliability M W M/

S M BD

dent (either uni or bilaterally), it was necessary to redefine
them by combining them into single independent evaluation
dimensions. As a result, the five not preference dependent
evaluation dimensions and the two newly created evaluation
dimensions, may now be called evaluation criteria, as they
are independent. The two new criteria resultant from the five
preference dependent ones, including definition, descriptors of
performance and reference levels, were approved by the two
experts who participated in the interview to assess preference
dependence. The definition of the seven resultant evaluation
criteria can be observed in Table II, and their respective
descriptors of performance and reference levels in Table III.
As a result, the value tree presented in Figure 3, where the
criteria are divided in areas of concern and clusters, was built.

V. DISCUSSION/CONCLUSION

Although MCDA, and most specifically the MACBETH
approach, has been applied in several health-care related stud-
ies, there are very few studies regarding its use in biomarker
prioritization, and almost no information regarding biomarker
prioritization in general in COPD. Therefore, by applying the
MACBETH socio-technical approach to the case of COPD
in this thesis, a new and original model has been designed
and partially developed (only the structuring phase), for the
purpose of evaluating and selecting the most promising COPD
prognostic biomarkers among the hundreds found in literature.

Several steps were taken to reach a final list of valid and
credible criteria. The evidence analysis allowed for an initial
and very basic list of nine potentially relevant evaluation
dimensions. The interviews were essential to reach a group

Figure 3: Organization of the criteria in a value tree using the
software M-MACBETH. The dark blue nodes are the areas of
concern, the light blue nodes with the terms not highlighted
in red are the clusters and the evaluation dimensions are the
terms highlighted in red.

of ten well-defined, reformulated and potentially relevant
biomarkers and respective descriptors of performance and
reference levels. The twenty-two expert opinions gathered
during the web-based Delphi were essential to confirm the
relevance of the proposed evaluation dimensions. The opin-
ions clearly converged throughout the three rounds, meaning
the Delphi process was successful in promoting agreement.
Finally, some dependencies were found during the test on
preference dependence, which led to the grouping of some
evaluation dimensions, resulting in a total of seven preference
independent evaluation dimensions (when independent, called
evaluation criteria).

It is particularly relevant to mention that most literature
on MCDA in HTA does not test or treat evaluation dimen-
sions for inter-dependencies. Therefore, by testing for inter-
dependencies in this thesis, we were able to guarantee that the
final list of relevant evaluation criteria were independent of
each other, which is an essential characteristics for criteria in a
MCDA model. Furthermore, by including experts from differ-
ent groups of expertise and geographical locations throughout
the whole process, the model became more inclusive and
representative, leading to more validity and credibility.

The main difficulties throughout the whole process involved
selecting the criteria and building clear and non-subjective
descriptors of performance, motivating the experts to partici-
pate in the Web-based Delphi, explaining to the experts what
was being asked and what was the purpose of the test on
preference dependence and the fact that a better development
of methods would require more resources than the ones that
were available.

Overall, the socio-technical methodology used in this thesis
worked well, despite the difficulties met throughout the pro-
cess, resulting in a good structure for the MCDA model, with
seven well defined and relevant evaluation criteria that will be
of great help for CliniMark to prioritize COPD prognostic
biomarkers, by facilitating the comparison of the different



Table II: Final list of evaluation criteria for biomarker prioritization and respective descriptions.

Evaluation
Dimensions Description

Clinical Benefit
and Value

Represents how relevant the biomarker is in clinical practice, in terms of its ability to improve
patient well-being and outcome and how much value it adds (if it brings something
new/different) in relation to the already qualified biomarkers, based on the AUC between the
new biomarker and the already qualified ones.

Patient Comfort
Comfort of the patient, considering how invasive the procedure used to access the biomarker is
(if it is accessible in the peripheral tissue, namely in blood or urine, the discomfort will be
null/minimal; if not the discomfort may be greater.

Quality and
Reliability of the

Study

A high quality and reliability of a study is based on:
i) high methodological quality, validity and applicability to patient care;
ii) well-designed cohort, including adequate biospecimen repositories and sample size;
iii) proper analytical and statistical methods;
iv) consistent and reproducible results across time (test-retest reliability), across items (internal
consistency) and across researchers (inter-rate reliability);
v) accurate data analysis and interpretation to enable biomarker identification/validation meeting
pre-specified performance criteria for a given clinical application context

Easiness to
Measure, Analyse

and Interpret

Easiness to measure and analyze the biomarker, considering the simplicity of the method used,
the time needed for this purpose and the need for high-throughput, as well as the easiness to
interpret the results.

Potential Value to
Address an Unmet

Need in Drug
Development

Potential value of a biomarker for a particular context of use (COU) in drug development, likely
to be recognized by the FDA as qualified biomarker in the near future. COU in drug
development includes patient stratification, selection, trial enrichment, dose selection,
response/efficacy assessments, safety assessments, among others.

Costs of Validation
and Utility

Amount of money necessary for the validation of a biomarker (where the generalizability across
different samples and the reproducibility and standardization of the assay are determined) and
utility studies (where the results must show performance characteristics, well-designed
experiments and the added value in research models and/or patients).

Ethical Issues
Ethical issues associated with the application of the biomarker in clinical practice, including
psychological reactions (associated with factors such as risk of catastrophic reaction, no proven
long-term treatments and risk of false positive) and social stigma.

options and by reducing time and monetary resources.
In the future, when the model is completed, it will be pos-

sible to select the most promising COPD biomarkers, which
will increase significantly the probability of the biomarkers’
being validated and qualified successfully. As a consequence,
personalized medicine can be improved, by improving disease
specific drugs using the qualified disease specific biomarkers,
which will lead to an increase of the quality and efficiency of
patient care and, possibly, to better disease outcomes, such as
higher patient survival and lower health costs, among others.
Therefore, the model designed and developed in this thesis
comes as a great contribute in the drug development and clin-
ical fields, as it is innovative and allows for the determination
of the most promising disease specific biomarkers, when there
are hundreds available, leading to the development of more
efficient drugs and, consequently, better patient care.

VI. FUTURE WORK

In the future, it would be interesting to complete the model
for COPD prognostic biomarkers, including the building,
testing and validation of the model.

It would also be interesting to apply the developed MCDA
model to a COU different from the one used in this thesis.
It would be ideal to develop a new MCDA model that
could compare and prioritize biomarkers with several different
COUs, instead of the the single one considered during this
thesis, for the purpose of simplicity. This would result in a
more comprehensive model.

It would also be interesting to improve MCDA tools for
stakeholder involvement and evaluation in the context and to
develop a model with the participation of different combina-
tions of participants, as well as a greater number of experts,
from several fields, so that the model can be more robust,
avoiding the variability associated with a group of decision-
makers as small as the one used in this thesis.

Finally, the developed model could be applied to other
biomarkers and, specially, diseases other than COPD, since the
idea of developing such a model was to make it comprehen-
sive, in such a way that it was not limited to the prioritization
of biomarkers for only one disease.



Table III: Final list of evaluation criteria and respective descriptors of performance and reference levels neutral and good.

Evaluation
Dimensions Descriptors of Performance

Clinical Benefit
and Value

• Very relevant, showing ability to improve well-being and outcome to the generality of patients
and adding over 10% value to the already existing biomarkers. [GOOD]
• Very relevant, showing ability to improve well-being and outcome to the generality of patients
and adding 10% or less value to the already existing biomarkers.
• Relevant, showing ability to improve well-being and outcome to patients with specific
characteristics and adding 10% or less value to the already existing biomarkers.
• Relevant, showing ability to improve well-being and outcome to patients with specific
characteristics but adding no value to the already existing biomarkers. [NEUTRAL]
• Irrelevant, showing poor or no ability to improve patient’s well-being and outcome and adding
no value to the already existing biomarkers.

Patient Comfort

• Non-invasive procedure, with no discomfort to the patient. [GOOD]
• Semi-invasive procedure, with mild discomfort to the patient. [NEUTRAL]
• Invasive procedure, with mild/moderate discomfort to the patient.
• Invasive procedure, with severe discomfort to the patient.

Quality and
Reliability of the

Study

• High Quality: all recommendations are fully accomplished. [GOOD]
• Medium Quality: three/four recommendations are fully accomplished.
• Low Quality: one/two recommendations are fully accomplished. [NEUTRAL]
• Very low quality: no recommendation is accomplished.

Easiness to
Measure, Analyse

and Interpret

• Easy to measure and analyze the biomarker and easy to interpret the results. [GOOD]
• Hard to measure and analyze the biomarker and easy to interpret the results.
• Easy to measure and analyze the biomarker and hard to interpret the results. [NEUTRAL]
• Hard to measure and analyze the biomarker and hard to interpret the results.

Potential Value to
Address an Unmet

Need in Drug
Development

• Potential high/moderate-value for a particular COU in drug development with high unmet
need. [GOOD]
• Potential high/moderate-value for a particular COU in drug development. [NEUTRAL]
• Potential low-value for a particular COU in drug development.

Costs of
Development

• 5M$ [GOOD] • 15M$ • 25M$
• 10M$ • 20M$ [NEUTRAL] • 30M$

Ethical Issues

• Presents no risk of psychological reactions and/or social stigma to the patient. [GOOD]
• Presents low risk of psychological reactions and/or social stigma to the patient.
• Presents moderate risk of psychological reactions and/or social stigma to the patient.
[NEUTRAL]
• Presents high risk of psychological reactions and/or social stigma to the patient.
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