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Abstract

Background

In recent years, the potential of multi-criteria decision analysis (MCDA) in the health field
has been discussed widely. However, most MCDA methodologies have given little attention
to the aggregation of different stakeholder individual perspectives.

Objective
Toillustrate how a paraconsistent theory-based MCDA reusable framework, designed to aid

hospital-based Health Technology Assessment (HTA), could be used to aggregate individ-
ual expert perspectives when valuing cancer treatments.

Methods

An MCDA methodological process was adopted based on paraconsistent theory and follow-
ing ISPOR recommended steps in conducting an MCDA study. A proof-of-concept exercise
focusing on identifying and assessing the global value of first-line treatments for metastatic
colorectal cancer (NCRC) was conducted to foster the development of the MCDA
framework.

Results

On consultation with hospital-based HTA committee members, 11 perspectives were con-
sidered in an expert panel: medical oncology, oncologic surgery, radiotherapy, palliative
care, pharmacist, health economist, epidemiologist, public health expert, health media
expert, pharmaceutical industry, and patient advocate. The highest weights were assigned
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to the criteria “overall survival” (mean 0.22), “burden of disease” (mean 0.21) and “adverse
events” (mean 0.20), and the lowest weights were given to “progression-free survival” and
“cost of treatment” (mean 0.18 for both). FOLFIRI and mFlox scored the highest global
value score of 0.75, followed by mFOLFOX6 with a global value score of 0.71. mIFL was
ranked last with a global value score of 0.62. The paraconsistent analysis (para-analysis) of
6 first-line treatments for MCRC indicated that FOLFIRI and mFlox were the appropriate
options for reimbursement in the context of this study.

Conclusion

The Paraconsistent Value Framework is proposed as a step beyond the current MCDA
practices, in order to improve means of dealing with individual expert perspectives in hospi-
tal-based HTA of cancer treatments.

Introduction

Healthcare organizations around the world face a scarcity of resources to fund growing
demand due to the exponential increase of technological advances. At the same time, policy-
makers are looking for effective ways to allocate these resources in the face of patient expecta-
tions and budget constraints [1-4].

The case of oncology is illuminating in this sense. While health gains have been made in the
treatment of cancer with new therapies [5], there is concern among policymakers and health-
care providers that the high costs for new cancer treatments might not be justified by the small
increase in health benefits they provide over less expensive drugs [6-10].

In this context, health technology assessment (HTA) is critical in providing information
about treatment alternatives to policy and decision-making, considering not only the health
and economic impacts of interventions, but also the social, ethical, and institutional implica-
tions of a technology [11]. This practice has been recently defined as a “multidisciplinary pro-
cess that uses explicit methods to determine the value of health technology at different points
in its lifecycle. The purpose is to inform decision-making in order to promote an equitable,
efficient, and high-quality health system” [12].

The interest in HTA spread around the world in the late 1980s, and the methodology has
been applied on a macro (central) or meso (regional, e.g., district/county, or institutional, e.g.,
hospital) level at various stages of the health technology development and assessment process
[12, 13]. When conducted at the meso level setting, HTA is crucial given that decentralization
has been at the center stage of most health systems reforms [14]. Therefore, hospital-based
HTA (HB HTA) emerged to promote HTA at the hospital level, initiating a unique methodol-
ogy that has the potential to improve priority setting practices and strengthen health systems
sustainability [15].

However, as decision-making in hospitals is influenced by a set of factors, including clinical
benefits, overall costs, business plans, and acceptability [16], the use of economic evaluation
methods, particularly cost-effectiveness analysis (CEA), to assess the incremental benefit of
new medical technologies provides little guidance, since it does not capture a number of
important dimensions of value [17].

In recent years, the potential of multi-criteria decision analysis (MCDA) in the health field
has been discussed widely. Such discussion has led to two taskforce reports from the

PLOS ONE | https://doi.org/10.1371/journal.pone.0268584 May 25, 2022 2/22


https://doi.org/10.1371/journal.pone.0268584

PLOS ONE

Paraconsistent Value Framework

International Society for Pharmacoeconomics and Health Outcomes (ISPOR) [18, 19] and to
extensive literature review [20-24]. Defined as both an approach and a set of methods that per-
mit the simultaneous consideration and prioritization of different factors that may conflict
during the decision-making process [16, 25], MCDA has increasingly been used to support
health-care decision-making in the hospital level [18, 20]. These sets of methods offer a way to
extend CEA to account for a wider variety of non-health benefits while allowing flexibility in
the way that society collectively would like to make trade-offs between competing goals such as
efficiency and equity [26]. A fundamental principle in MCDA is that decisions between alter-
natives (for example, different medical treatments) should be consistent with stakeholders’
perspectives and values [18, 19].

In this sense, an important issue when considering MCDA for HB HTA arises from the
characteristics of the hospital environment-hospitals are the ‘port of entry’ of new technolo-
gies in the health-care system [14] and executives face the challenge of effectively adopting
innovations with the need to improve the rationality of decision-making [15]. The urge to do
so in a limited timeframe may limit an appropriate benefit-risk balance. So, HB HT' A might
foster decision-making by involving skilled experts that inspire clinical excellence to support
priority setting in the short term [15, 16, 25].

At the same time, MCDA requires the inclusion of stakeholder’s values and expertise, and
this can be realized if HT' A organizes expert (or stakeholder) consultation. However, it has
long been recognized that priority setting is, in reality, a value-based political process that
takes place in an environment of social values and diverging interests [27]. It involves “plural-
istic bargaining between different lobbies, modified by shifting political judgments made in
the light of changing pressures” [28]. Therefore, the “rules” of stakeholder selection might
include who can participate, whether those persons have declared conflicts of interest, when,
where, and how decisions will be made, and so on. In other words, the policy entrepreneur
needs to navigate the political context to create the MCDA process [27].

Experts, in the presence of vested interests, are likely to agree on a fair process, but may jus-
tifiably disagree about the range and relative importance of different values in decision-making
[28]. Consequently, value assessment is not merely a question of what additional benefits to
consider and possibly include in the decision-making process, but, importantly, involves how
to arrive at a transparent process that elicits and accounts for the perspectives of different
stakeholders in a consistent way [29, 30].

"Perspectives" and "preferences” are (inter-)related terms in MCDA literature [18, 19].
Whereas “perspectives” have been used as an umbrella term to refer to experiences, attitudes,
beliefs and values [31-33]; “preferences” have been defined in a more precise way as the
“assessments of the relative desirability or acceptability to patients of specified alternatives”
[34, 35].

A central aspect of the debate on perspectives in MCDA is the notion of the legitimacy of
the decision [28, 29, 36]. As the shared goal of the deliberation is meeting population health
needs while taking into account resource limitations, decisions must be based on reasons that
can be accepted to be relevant to this goal by all ‘fair-minded’ stakeholders. So, the principle of
“relevance” (originally termed ‘reasonableness’ condition) [28] is fundamental for the mutual
basis for decision-making [30, 36]. At the same time, in order for the principle of relevance to
be met, it is important that the opinions of stakeholders are synthesized, taking into account
their differences in perspectives. The paraconsistent annotated evidential logic Et (Logic Et) is
a non-classical logic that allows dealing with inconsistent value judgments made by experts or
stakeholders in a non-trivial way [37, 38]. Experts often face imprecise, vague, conflicting data,
and even a lack of data, when conducting analyses. Classical Logic and many logical systems
are not feasible for dealing with inconsistencies, at least directly [37, 39]. Thus, a language that
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can manipulate such inconsistencies and make sensible inferences is often needed. The Logic
Et can be used in this purpose, in order to aggregate value judgments, even if they are contra-
dictory [40].

The aim of this study is to illustrate how a paraconsistent theory-based MCDA reusable
framework, designed to aid HB HTA, could be used to aggregate individual expert perspectives
when valuing cancer treatments.

Methods
Study setting and MCDA approach

The study was carried out at the Instituto do Cancer do Estado de Sao Paulo (ICESP), a public
academic hospital specializing in oncology with about 10,000 new cancer patients per year,
across the state of Sao Paulo, Brazil. Since 2009, an HTA committee has been operating at
ICESP, integrating essential guiding principles for good practices in hospital-based HTA to
inform new technologies acquisition, such as: to state goal and scope that reflect the hospital
context, to use good methods and appropriate tools that enhance transferability and to involve
all relevant stakeholders in the evaluation process, ensuring independence and communica-
tion [14]. The HTA committee includes 12 members-seven physicians (oncology, hematology,
radiology, infectious control expert, surgery, anesthesia, internal medicine), four administra-
tive directors (management, executive, assistance, financial), and one pharmacy service repre-
sentative. The committee meets every month on a regular basis to assess new technologies that
are candidates for implementation by the hospital management. A short assessment is con-
ducted prior to the committee meeting, but sometimes expert consultation is required to
investigate further the advantages (clinical benefits and safety issues), costs, and feasibility for
local adoption. After the appraisal, the final recommendations are presented to the hospital
executive management for approval and budget allocation.

In order to design a reusable framework to support HTA processes at ICESP, an MCDA
methodological process was adopted based on the value measurement approach and the Logic
Et [37-39, 41], following ISPOR recommended steps in conducting an MCDA study: 1. Defin-
ing the decision problem, 2. Selecting and structuring criteria, 3. Measuring performance, 4.
Scoring alternatives, 5. Weighting criteria, 6. Calculating aggregate scores, 7. Dealing with
uncertainty [18, 19].

A proof-of-concept exercise focusing on identifying and assessing the global value of first-
line treatments for metastatic Colorectal Cancer (mCRC) was conducted to foster the develop-
ment of the MCDA framework (named Paraconsistent Value Framework), by adopting the
respective scope from the latest Recommendation Reports (RR) of each selected technology
[42] that has been appraised by CONITEC (Comissdo Nacional de Incorporagédo de Tecnolo-
gias no SUS), the Brazilian national organization for HTA, or has been included in ICESP clin-
ical guidelines for mCRC treatment [43]. As part of the technology appraisal process of
CONITEC, clinical and economic evidence from a variety of sources is reviewed to assess the
technology’s health benefits, the technology’s relation of benefits to costs, or “value-for-
money,” and technology’s budget impact [42]. The available clinical and economic evidence
from the corresponding CONITEC RR was used to populate the performance of the alternative
options across the respective criteria attributes, but also, additional evidence was used, accord-
ing to ICESP clinical guidelines [44-49]. The scope of CONITEC RR 324 was adopted for the
cases of cetuximab and panitumumab [42], whereas clinical trials were adopted for the case of
Modified Flox (mFlox), Folfox (mFolfox6), Irinotecan (mIFL) and FOLFIRI [44-46].

An expert panel, composed of key stakeholders, was appointed by the ICESP HTA commit-
tee. The composition of the group’s expertise and the numbers of the different experts were
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decided based on the findings of a literature review of MCDA studies in oncology that was per-
formed to support the conduction of the present study [50] (see S1 Table for details) and the
structure of the past ad hoc committees responsible for the appraisals of alternative cancer
treatments at ICESP. In total, 11 experts were invited for individual face-to-face interviews,
based on past ad hoc committees for cancer treatments, as these small group sizes have been
shown to be large enough to represent all significant perspectives [50]. Their areas of expertise
were: medical oncology, oncologic surgery, radiotherapy, palliative care, pharmacist, health
economist, epidemiologist public health expert, health media expert, pharmaceutical industry,
and patient advocate. This panel of experts included professionals with at least ten years of
experience in decision-making at a local level.

A core component in any MCDA is the identification of criteria that decision-makers con-
sider essential in their specific contexts. In order to ensure that a wide range of potential crite-
ria would be included to be discussed during the HTA committee meeting, findings from the
supporting previous literature review on MCDA studies in oncology were informative [51].
Drawing from this review, aimed at selecting criteria and methods for the current study, a pre-
liminary list of evaluation criteria was compiled by the research team: therapeutic impact, effi-
cacy, effectiveness, safety profile, innovation level, socio-economic impact, severity of disease,
number of potential beneficiaries, age of target group, individual health benefits, poverty
reduction, cost-effectiveness, budget impact, clinical relevance, size of affected population,
unmet needs, comparative safety or tolerability, comparative patient perceived health, type of
preventative benefit, type of therapeutic benefit, comparative (medical) cost of intervention,
comparative (other medical) cost of intervention, comparative (non-medical) cost of interven-
tion, quality of evidence, expert consensus, incremental benefits (including ‘equity benefits’),
strategic or legal factors, therapeutic target for pediatrics, public health interest, type of medical
service, completeness and consistency of reporting evidence, relevance or validity of evidence,
mandate or scope of health-care system, population priorities, access, opportunity costs,
affordability, system capacity, appropriate use of intervention, common goal, special interests,
political, historical and cultural context [51]. This list was not intended to be exhaustive, but
sought to provide a starting point for committee participants to appraise criteria they consider
most relevant, based on previous studies in the field of oncology.

Then, participants of the expert panel were asked to identify the criteria considered most
relevant for resource allocation in this list. During individual consultations, these experts pro-
vided feedback on the comprehensiveness, usefulness and practical limitations of each crite-
rion. After two voting rounds in two individual interviews with each participant, a final list
with 10 criteria was produced. Finally, once final criteria and their definitions were stablished,
the HTA Committee, in a nominal group session, sought consensus regarding retained crite-
ria. The relevance of criteria and their measurement scales were discussed and validated with
committee members, taking into account whether a value concern was not captured in the ini-
tial set of criteria; whether a particular criterion was perceived to reflect the same value con-
cern as another criterion; whether the underlying concern of two criteria could be reflected
from a single criterion; whether the criteria meaning was clear enough to improve comprehen-
sion; whether a criterion measurement was feasible and whether the assessment of the value of
one criterion would be based on the knowledge of the performance of another criterion.

From this list of proposed criteria, five were included in a specific value tree offering an
organized overview of the various value concerns when evaluating new cancer medicines in an
HB HTA context. Ultimately, the resulting value tree was composed into four value criteria
clusters relating to the technology’s therapeutic impact (TTI), the technology’s safety profile
(TSP), the technology’s socio-economic impact (SI), and severity of disease (SD). These clus-
ters were decomposed into five sub-criteria: overall survival (OS) and progression-free survival
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Table 1. Criteria definitions and range of performance.

CRITERION | Sub-criterion Definition

Therapeutic impact

Metric Range of
performance

OVERALL SURVIVAL Median survival time from randomization to treatment to death Months 1-30.51 or more

2-24.77-30.50
3-20.39-24.76
4-16.85-20.38
5-0-16.84

PROGRESSION-FREE Median survival time in which patients do not show disease progression Months 1-12.41 or more

SURVIVAL

Safety profile

2-9.51-12.40
3-7.51-9.50
4-6.01-7.50
5-0-6.00

GRrADE 3 0rR 4 AEs* | Proportion of patients experiencing grade 3 or grade 4 adverse effects % of 1-0-1.64

Socio-economic impact

patients 2-1.65-7.00
3-7.01-1.16
4-11.17-23.40
5-23.41 or more

Cost oF TREATMENT | Treatment cost, considering direct medical costs, based on economic evaluations carried out in US$ 1-0-5133.35

Brazil

Disease severity

2-5133.36—
11266.88
3-11266.89-
15370.2
4-15370.21-
20486.85
5-20486.86 or
more

BURDEN OF DISEASE'™® | Degree of severity of the disease in relation to mortality and disability derived from morbidity, DALYs 1-9080001 or
which can be defined based on disability-adjusted life years (DALYs) lost lost more

2-3600001-
9080000
3-2330001-
3600000
4-1330001-
2330000
5-0-1330000

* Adverse effects according to Common Terminology Criteria for Adverse Events (CTCAE) v5.0—Publish Date: November 27, 2017.
** According to Global Burden of Disease (GBD) 2017 DALY's estimates.

https://doi.org/10.1371/journal.pone.0268584.t001

(PES) for TTT; grade 3 and 4 adverse events (AEs) for TSP; the cost of treatment (CT) for SD
and the burden of disease the technology addresses (BoD) for SD.

Although the burden of disease criterion would have identical values across the alternative
treatment options given that all of them were assessed for the same indication (mCRC), it was
considered a reasonable criterion to be kept in the value framework for future applications in
different diseases; however, the value tree of the present study was composed with the follow-
ing criteria: OS, PFS, AEs and CT. The list of attributes and their respective definitions are
shown in Table 1.

The alternative treatment options compared in the exercise included mFlox, FOLFIRI,
mFOLFOX6, mIFL, cetuximab (Erbitux®) in combination with Irinotecan and panitumumab
(Vectibix®) in combination with Irinotecan. Although there is published evidence for the effi-
cacy of bevacizumab in combination with non-oxaliplatin-based chemotherapy, and
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regorafenib monotherapy as treatment options [52-54], these drugs were not included in the
exercise, because they were not recommended by ICESP current guidelines [43]. Overall, evi-
dence sources used to populate the preliminary model included three randomized clinical tri-
als (RCTs) [44-46] and respective CONITEC RR [42].

Drug costs were calculated according to prices, pack sizes, and dosage as found in the CON-
ITEC RR, and the recommended dosage and treatment duration as reported in the respective
ICESP guidelines [43] and health economic evaluations conducted in Brazil [44, 49]. DALYs
estimates for colon and rectum cancer were based on The Global Burden of Diseases, Injuries,
and Risk Factors Study (GBD) 2017 [55].

The sources of evidence used for identifying the performance of the treatment options
across the criteria attributes are shown in Table 2.

Following the gathering of evidence on alternatives’ performance, experts’ priorities for
changes between (weights) and within criteria (scores) were captured by means of individual
interviews with participants of the panel of experts (ad hoc committee).

Table 2. Technologies, criteria, ranges of performance and sources.

Technology

mFlox

mIFL

mFOLFOX6

FOLFIRI

Panitumumab

Cetuximab

Criterion
oS
PES
AEs
CT
BoD
oS
PEFS
AEs
CT
BoD
oS
PES
AEs
CT
BoD
(O]
PES
AEs
CT
BoD
oS
PES
AEs
CT
BoD
oS
PES
AEs
CT
BoD

Range of Performance
4 (16.85-20.38)
3(7.51-9.50)
4(11.17-23.40)

1 (0-5133.35)

1 (19000000)

5 (0-16.84)

4 (6.01-7.50)
5(23.41 ou mais)
1 (0-5133.35)

1 (19.000.000)

3 (20.39-24.76)
3(7.51-9.50)

5 (23.41 ou mais)
1(0-5133.35)

1 (19.000.000)

3 (20.39-24.76)
3 (7.51-9.50)
4(11.17-23.40)

1 (0-5133.35)

1 (19000000)
3(20.39-24.76)
4(6.01-7.50)

5 (23.41 ou mais)
4 (15370,2-20486.85)
1 (19000000)
4(16.85-20.38)

3 (7.51-9.50)
5(23.41 ou mais)
3 (11266.88-15370.2)
1 (19000000)

Source

Nebuloni DR et al. 2013
Nebuloni DR et al. 2013
Nebuloni DR et al. 2013
Nebuloni DR et al. 2013
Murray CJL et al 2017
Leonard BS et al. 2000
Leonard BS et al. 2000
Leonard BS et al. 2000
CONITEC 2018

Murray CJL et al 2017
Tournigand C et al. 2004
Tournigand C et al. 2004
Tournigand C et al. 2004
CONITEC 2018

Murray CJL et al 2017
Tournigand C et al. 2004
Tournigand C et al. 2004
Tournigand C et al. 2004
CONITEC 2018

Murray CJL et al 2017
Douillard JY et al. 2010
Douillard JY et al. 2010
Douillard JY et al. 2010
CONITEC 2018

Murray CJL et al 2017
Cutsem EV et al. 2009
Cutsem EV et al. 2009
Cutsem EV et al. 2009
CONITEC 2018

Murray CJL et al 2017

OS = overall survival; PFS = progression free survival; AEs = grade 3 and 4 adverse events; CT = cost of treatment; BoD = burden of disease.

https://doi.org/10.1371/journal.pone.0268584.t002
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The interviewer approached the participants to see if they would like to participate in a face
to face interview. The interviews were taken in a quiet place apart from any other people that
could influence the results. Subsequently, the interviewer explained the research and topic of
priority setting using an information sheet and asked the respondent for informed consent.
Background material introducing the scope of the exercise in more detail was sent to the par-
ticipants one week before the interview. On the day of the individual interviews, the model
was presented to the participant and was revised cluster by cluster in real-time through a facili-
tated open discussion.

Weight elicitation aimed to catch expert views of what is most important in reimbursement
decision-making and which criteria should contribute most to value assessment and appraisal.
A two-step swing weighting 100-point weight elicitation technique was used. The first step in
the swing weighting exercise was to identify and assign 100 points to the criterion with the
swing (range of performance) that matters most. This was followed by pairwise comparison
between this criterion and each of the others to determine the relative importance of swings in
criteria, and correspondingly allocate the points between 0 and 100 [18]. Individual weights of
criteria were normalized, to sum up to the weight of the criterion category that was elicited at
step one. Finally, after all, interviews were concluded, weights were aggregated using the mean
of experts’ weights.

Then, performance score elicitation aimed to understand variations on how health technol-
ogy is assessed and appraised with regard to its outcome for each decision criterion. Visual
analog scales for performance scores were used, ranging from 0 points (worst, least relevant
outcome) to 100 points (best, most relevant outcome). We asked experts their opinion about
outcomes’ relevance for reimbursement and/or budget allocation of each range of perfor-
mance (degree of favorable experience or belief), in a context of HB HTA. We also used a sec-
ond visual analog scale and requested the experts to set their confidence on their responses
about relevance for each range of performance (degree of contrary experience or disbelief),
using also a scale from 0 to 100 (more details in the next subsection; see also S1 File).

Participants had to evaluate different five predefined ranges of performance (reference lev-
els) for each criterion. These five ranges of performance were determined based on HTA can-
cer treatment recommendations made by CONITEC from 2013 to 2018 and based on quintile
stratification. Table 2 presents the maximum and minimum values that correspond to the lim-
its of the scale from 0 to 100. As part of framework designing, criteria ranges that were encom-
passed within minimum (min) and maximum (max) levels were selected. Within the min-max
attribute range, we defined “lower” “intermediate” and “higher” reference levels to act as
benchmarks for the value scores of 0 and 100, respectively, needed for the construction of cri-
teria value functions (interval scales). Incorporation of such reference levels intends to estab-
lish anchors for the scales and could ensure that these value scales has enough granularity to
distinguish the treatments.

A typical MCDA linear additive model was constructed. It is one of the most widely used
value measurements for modeling approach [18]. It is based on global values V(a) to combine
particular scores and weights brought out for selected mCRC medical treatments. The global
values V(a) is usually obtained by aggregating the particular value scores received for all rele-
vant sub-criteria. The additive aggregation is formulated by the following equation as:

Where: V(a) global value (GV) for option a; wi relative importance (weight) of the i crite-
rion; vi the performance value score (partial value functions) of the i criterion.
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Although a value measurement approach was adopted, the notion of preference was not
used according to the Keeney and Raiffa’s Decision Theory. On the other hand, the concept of
perspective was used, based on the theoretical construct of the Logic Et, as a way of operatio-
nalizing the attribution of scores to the performance ranges of candidate technologies, allow-
ing the paraconsistent analysis or para-analysis (more details in the next subsection).

Paraconsistent annotated evidential logic

The main contribution of the Logic Et for MCDA is that it allows dealing with inconsistent
value judgments made by experts or stakeholders. Therefore, a paraconsistent methodology
must enable the translation of an expert’s perspective by means of degrees of favorable per-
sonal experience and degrees of contrary personal experience, allowing the manipulation of
data even if inconsistent [38]. To make it possible, it is essential that in the scoring phase of the
MCDA process, participants are invited to assign two values to the performance ranges being
evaluated, using 2 visual analog scales: the first corresponds to their level of belief in the rele-
vance of that range for the eventual recommendation of a technology, and the second corre-
sponds to their level of disbelief (uncertainty) in the attribution of the previous value. For this
reason, Logic Et is also known as evidential bi-annotated logic, as two values are required for
the constitution of its value judgment database. A detailed account of the Logic Et is to be
found elsewhere [37, 38, 56] and in (S1 File).

Once this basic principle is met, when applying a paraconsistent framework for decision-
making, one should set up the level of the requirement (control level) for the decision to be
made that depends on the level of safety desired for the decision as well as the responsibility it
entails [40]. These requirements establish the likelihood that a relationship observed between
variables is due to chance (similar to a probability of a type-1 error in statistics). In fact, most
of the scientific community is not familiar with these definitions, but they would be analogous
to what we commonly understand as an alpha error of 0.5 or p value = 0.95, for example. The
particularities of these requirements for analyzes based on paraconsistent logic are presented
elsewhere [38, 56].

The selection of experts should look for people with different backgrounds so that the
assignment of values is not a result of one single perspective. Once all invited experts assign
scores for ranges of performance in each criterion (using de bi-annotated procedure) and
weights to all criteria considered, the final global value score is calculated as the arithmetic
means of the weights assigned by the experts [18]. Then, maximization rules (MAX operator)
are applied within the groups of experts (intra-groups), and minimization rules (MIN opera-
tor) are applied in the groups of experts (between groups) [40]. The MAX operator should be
applied to situations in which the favorable opinion of just one of them is enough to consider
the group result as satisfactory. The MIN operator should be applied to situations where the
opinions of two or more experts (or surveyed items) are all determinant, and it must be man-
datory that all are favorable so that the result of the analysis is considered satisfactory [38, 40].
This way of applying the rules of maximization and minimization for decision-making is
known as the min/max principle or optimistic decision because it minimizes the higher degree
of certainty [40].

The basic principle is that decision-makers might be able to identify contradictory proposi-
tions (such as particular criteria scores) in their decision problem to apply the Logic Et for
MCDA. The contradiction in such statements can be represented with paraconsistent lattice of
extreme and non-extreme states (Fig 1), with certainty and uncertainty degrees and decision
states (Table 3).
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Fig 1. Certainty and uncertainty degrees and decision states representations in the paraconsistent lattice. V = true; F = false; T = inconsistent; L =
paracomplete; QV = quasi-true; QF = quasi-false; QT = quasi-inconsistent; Q_L = quasi-paracomplete; C = control level; Vcic = maximum value of uncertainty
control; Vcve = maximum value of certainty control; Vcpa = minimum value of uncertainty control; Vcfa = minimum value of certainty control.

https://doi.org/10.1371/journal.pone.0268584.9001

Table 3. Extreme and non-extreme states in paraconsistent annotated evidential logic (logic Et).

Extreme states Symbol Non-extreme states Symbol
True A% Quasi-true tending to Inconsistent QV—T
False F Quasi-true tending to Paracomplete QV— L
Inconsistent T Quasi-false tending to Inconsistent QF —T
Paracomplete 1 Quasi-false tending to Paracomplete QF — L
Quasi-inconsistent tending to True QT —V
Quasi-inconsistent tending to False QT — F
Quasi-paracomplete tending to True QL—-V
Quasi-paracomplete tending to False QL —F

V = true; F = false; T = inconsistent; L = paracomplete; QV = quasi-true; QF = quasi-false; QT = quasi-inconsistent; Q_L = quasi-paracomplete.

https://doi.org/10.1371/journal.pone.0268584.t003
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For the interpretation of the results of the para-analysis, using the lattice, first, it is necessary
to identify the region in which the resultant of the analysis is found (global value) so that the
decision states can be defined with their respective degrees of certainty and uncertainty associ-
ated (Fig 1). If the resultant (global value) falls into the regions of truth (V) or falsity (F), the
result of the analysis is conclusive, favoring, or contradicting, respectively, the evaluated treat-
ment or technology. If the resultant falls into the inconsistency region (T), the result of the
analysis is not conclusive, indicating that the experts’ perspective is conflicting (high degree of
contradiction) and that therefore new information is necessary (such as the inclusion of new
criteria, for example) so that a conclusion can be reached. If the result falls into the region of
para-completeness (_L), the result of the analysis is also not conclusive, indicating that the
information available is insufficient to decide and that therefore specialists with more excellent
knowledge (more experience in the issues dealt with, for example) are needed so that a conclu-
sion can be reached. Therefore, these two extreme states are indicative of the need for model
revision, either in relation to the value criteria or evidence considered (state T), either in rela-
tion to the participating specialists or even in relation to the way in which they were distrib-
uted in the groups (state _L). Details on the lattice-based interpretation of para-analysis can be
found elsewhere [37, 38, 40, 41] and in (S1 File). When the resultant fall in the other regions,
inside the borders of the lattice, the resulting states are said to be non-extreme and correspond
to undefined situations.

Analysis and ethics

An MCDA tool developed in MS-Excel was used to operationalize the methodology, with
spreadsheets containing all criteria, the corresponding performance categories for each crite-
rion, and their scoring functions. The performance matrix (main evaluation sheet) of the
MS-Excel tool was designed to be applicable for routine use when comparing multiple compet-
ing products in the HB HTA process. The draft MCDA tool was designed to translate the per-
formance matrix of each product to an aggregate MCDA score according to the scoring
function and weight of each criterion and indicates the uncertainty degree based on the para-
consistent analysis of each competing alternative medicines.

An explicit account of any uncertainty/limitations in the design and application of the
MCDA process and the aggregate scores are interpreted and used to generate a ranking
of health priorities that is intended to inform practical and rational priority setting. The
uncertainty level of the MCDA value estimates was determined by means of the para-analy-
sis, and outputs may be interpreted according to the extreme and non-extreme states
(Table 3): GV falling in the true state region of the lattice is classified as pertinent (which
means that the treatment is considered pertinent for reimbursement), GV falling in the false
state of the lattice is classified as not pertinent (which means that the treatment is not con-
sidered pertinent for reimbursement) and all other possibilities are classified as not
conclusive.

Deterministic sensitivity analysis was conducted to address parameter uncertainty by
exploring the impact of different expert group arrangements and different levels of model
requirements (control levels) on the pertinence of the options, and also each individual weight
assigned by experts on the ranking of the options. Different scenarios were derived consider-
ing their relevance for decision-makers in the study’s context.

This study was approved by the Research Ethics Committee of University of Sdo Paulo
School of Medicine (Sao Paulo, Brazil). Approval number: 3.402.061. Sao Paulo, June 19, 2019.
Study participants consented to participate in the study by filling out an informed consent
form, approved by the aforementioned research ethics committee.
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Results

The members of the HTA committee reached consensus to distribute the variety of experts for
the panel in 3 groups: clinicians (medical oncology, oncologic surgery, radiotherapy, palliative
care), health-care providers (pharmacist, health economist, epidemiologist, public health
expert) and society (health media expert, pharmaceutical industry and patient advocate). On

consultation with these committee members, a consensus was also reached on the use of five
criteria, according to researchers’ proposal and based on literature review: OS, PFS, AEs, CT,
and BoD. The committee also agreed to use the swing weighting technique to assign weights to
criteria and to score the performance of interventions on each criterion on a visual analog
scale from 0 to 100. The committee validated the expert panel, and the individual interviews

took on average 46 minutes for participants to complete the swing weighting and scoring exer-

cise for the five criteria of the MCDA core model.

A performance matrix was elaborated, using data from the CONITEC RR and primary
studies based on ICESP guidelines (Table 3). The performance of the options with the “lower”
and “higher” reference levels are shown in Table 4.

The highest weights were assigned to the criteria “OS” (mean 0.22), “BoD” (mean 0.21),
and “AEs” (mean 0.20), and the lowest weights were given to “PFS” and “CT” (mean 0.18 for
both). Estimates of perceived value for the six medicines appraised, resulting from the multi-
plication of normalized weights by scores and summation across criteria (linear additive
model), ranged from 0.62 to 0.75 on a scale of 0 to 1 (Fig 2). FOLFIRI and mFlox scored the
highest global value score of 0.75, followed by mFOLFOX6 with a global value score of 0.71.
mIFL was ranked last with a global value score of 0.62, partially due to its worst performance
on OS (Fig 2). The scores assigned to different ranges of performance and the relative weights
assigned to the different criteria can be found in the (52 and S3 Tables).

Fig 3 shows the para-analysis of the six first-line treatments for mCRC. Two of these treat-
ments (mFlox and FOLFIRI) fell into the truth region of the lattice, indicating that they are the
appropriate options for incorporation and reimbursement in the context of this study. The
other treatments (mIFL, mFolfox6, panitumumab, and cetuximab) fell into the lattice’s incon-
clusive region, indicating that one cannot conclude for or against the pertinence of these treat-

ments, based on the decision problem addressed and the level of the requirement established
for the decision (control level).

Table 4. Performance matrix of options across criteria.

Criterion Metric Range (min)

Overall survival Median 0-16.84
(months)

Progression free survival Median 0-6.0
(months)

Grade 3 and 4 adverse % of patients 23.41 or

events more

Cost of treatment US$* 0-5133.35

Burden of disease DALYs** 0-1330000

Range (max)

30.51 or more
12.41 or more
0-1.64
81947.41 or

more

9080001 or
more

mFlox*** | mIFL**** | mFOLFOX6***** | FOLFIRI | Panitumumab | Cetuximab

19 14.8 20.6 21.5 239 19.9

7.9 7.0 8.0 8.5 7.3 8.9

14.8 53.8 31 15 42 28.2
3329.88 1235.13 1235.13 3545.35 16299.93 14686.03
19000000 ' 19000000 19000000 19000000 19000000 19000000

* United States dollars (US$) using the January 2020 currency conversion rate (1 US$ = 34.02 Brazilian real (BRL)) published on the Central Bank of Brazil
** Global Burden of Disease (GBD) 2017 DALY estimates for colon and rectum cancer [57]

***modified Flox
****modified IFL
“****modified FOLFOXe6.

https://doi.org/10.1371/journal.pone.0268584.t1004
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Fig 2. Stacked bar plot of treatments’ weighted global value scores across all criteria. mFlox = 5FU, oxaliplatin, leucovorin;
mIFL = irinotecan, 5FU, leucovorin; mFOLFOX6 = 5FU, oxaliplatin, leucovorin; FOLFIRI = 5FU, oxaliplatin, irinotecan,
leucovorin.

https://doi.org/10.1371/journal.pone.0268584.9002

Deterministic sensitivity analysis was conducted by exploring the impact of perspectives
changes on the pertinence of the options. Fig 4 shows the result of 3 scenarios and their respec-
tive impacts. In the first, without the establishment of groups, the 11 experts were considered
independently as an isolated perspective each. In the second, two groups were created, one
containing only the expert in oncology and the other with all the other experts grouped. In the
third, two groups were also created, but one with only the expert representing the patient’s
view (patient representative) and the other with the other experts grouped. In the first sce-
nario, the result of the analysis fell into the inconclusive region (quasi-false tending to incon-
sistent). In the second scenario, with the oncologist’s perspective highlighted, the result also
fell into an inconclusive region, but in a state tending to the truth and favoring the pertinence
of all alternatives (quasi-true tending to inconsistent and quasi-true tending to para-complete).
In the third scenario, with the highlight of the patient’s perspective, the result of the analysis
fell into the region of truth (true extreme state), reinforcing the pertinence of all the options
considered.

Deterministic sensitivity analysis was also conducted to explore the impact of baseline
weight changes on the ranking of the options (figures shown in S1 Fig). To simulate the impact
of these changes, we substituted the mean weight, applied in the base case, by individual
weights assigned by each of the 11 experts to explore the impact of each perspective. The simu-
lations did not change the rank of the alternatives based on the global value of each one. On
the other hand, changes in control levels, ranging from 0.50 to 0.70, led to the modification of
the alternatives considered pertinent from the paraconsistent analysis (see S2 Fig). Therefore,
conclusions were fairly robust as treatment rankings were not influenced by changes of per-
spectives on any of the baseline normalized weights, but at the same time, the pertinence was
sensitive to the model’s requirement level.

PLOS ONE | https://doi.org/10.1371/journal.pone.0268584 May 25, 2022 13/22


https://doi.org/10.1371/journal.pone.0268584.g002
https://doi.org/10.1371/journal.pone.0268584

PLOS ONE Paraconsistent Value Framework

1.000 > 1.000 .
!
i
0.800 0.800 i
H
E
s s ;
@Q 8 4 1}
S 0.600 S 0600 ¢ !
(5] 2o i
= = I
[ @ K3
g 5 s
H
£ 0.400 £ 0400 ¢ !
i = i
k] S i
9 ] 9 0.6208
® 0.200 - 8 0200 4
(G] o o
47.494 E *
¢ * ¢ !
0.000 > 0.000 >
0.000 0.200 0.400 0.600 0.800 1.000 0.000 0.200 0.400 0.600 0.800 1.000
Grade of favorable experience (a) Grade of favorable experience (a)
| ® Criteria_© Global Value ==-==Borders —— Frontiers |_¢_Criteria__© Global Value ==c==Borders Frontiers|
mFlox mIFL
1.000 1.000
0.800 0.800
o)
63 =3
5 o)
2 @
S 0,600 (fommmmmmmmfmom oo S 0.600
S 8
@ @
g s
§ 0.400 {gmmmmmmembmemmemen i £ 0400
S 1=
o 8
H 5
o ° 3 °
0.200 * § 0200 *
°/0.1090 S I b.7204
* *
¢ ¢ ¢ *
0.000 > 0.000
0.000 0.200 0.400 0.600 0.800 1.000 0.000 0.200 0.400 0.600 0.800 1.000
Grade of favorable experience (a) Grade of favorable experience (a)
| & Criteria ) Global Value ==C==Borders Frontiersl & Criteria Global Value ==-==Borders - Frontiers|
mFOLFOX6 FOLFIRI
1.000 > 1.000
0.800 0.800
s s
@ 0600 8 0600 (frmmmmmmmmmm e 0
o (= b
[ =4 o
Q =
: 2
s. o
o =
0400 5 O i e Ao s NG Ko
Y * 5
5 2
o =}
b o [
o 0.200 3 0200 *
g - 05 [c] > ofhd1s
(o]
¢ * Py .
0.000 0.000
0.000 0.200 0.400 0.600 0.800 1.000 0.000 0.200 0.400 0.600 0.800 1.000
Grade of favorable _experience (a) Grade of favorable experience (a)
| & Criteria  © Global Value ==C==Borders > Frontiers I & Criteria © Global Value ==C==Borders = Frontiersl
Panitumumab Cetuximab

Fig 3. Paraconsistent analysis of first line metastatic colorectal cancer treatments. 1 = modified Flox (5FU,
oxaliplatin, leucovorin); 2 = modified IFL (irinotecan, 5FU, leucovorin); 3 = modified FOLFOX6 (5FU, oxaliplatin,
leucovorin); 4 = FOLFIRI (5FU, oxaliplatin, irinotecan, leucovorin); 5 = Panitumumab; 6 = Cetuximab.

https://doi.org/10.1371/journal.pone.0268584.9003
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Fig 4. One-way sensitivity analysis on different expert group arrangements for first line metastatic colorectal cancer treatments. 1 = modified Flox (5FU,
oxaliplatin, leucovorin); 2 = modified IFL (irinotecan, 5FU, leucovorin); 3 = modified FOLFOX6 (5FU, oxaliplatin, leucovorin); 4 = FOLFIRI (5FU, oxaliplatin,
irinotecan, leucovorin); 5 = Panitumumab; 6 = Cetuximab.

https://doi.org/10.1371/journal.pone.0268584.9004

Discussion

This proof of concept study exemplifies how a paraconsistent MCDA framework can provide
a means to integrate a wide range of different experts’ perspectives into the priority setting of
cancer treatments in an HB HTA context. The main contribution of this work is to explore a
methodology to address the aggregation of multiple perspectives in a MCDA framework
designed to evaluate cancer treatments at a local level.

The use of HT'A has expanded significantly over the past decades and value frameworks is
now been used to support the assessment and appraisal of new medical technologies [17, 26,
32]. In general, value frameworks adopt multiple criteria approaches and MCDA process has
guided the construction of these tools to support the allocation of health resources. In this
paper we outlined a new value framework to focus on healthcare decision making related to
cancer treatment. A specific value-based model was developed, taking the form of a value tree
for the purpose of assessing the value of new medicines in the context of HB HTA.

In a previous study, a generic value framework was proposed to capture a comprehensive
set of value concerns that can be adapted to different decision-making contexts, including dif-
ferent health conditions [17]. The different components of the resulting value tree, which was
called “Advance Value Tree”, was similar to the ones of the present study: (a) burden of dis-
ease, (b) therapeutic impact, (c) safety profile, (d) innovation level, and (e) socioeconomic
impact. The “Advance Value Tree”, has been developed under the auspices of the Advance-
HTA Project, which applied MCDA methodological process to develop a new value frame-
work (the “Advance Value Framework”).

The “Advance Value Framework” links the use of MCDA with opportunity costs providing
a framework to inform negotiations leading to coverage and reimbursement decisions, in a
non-supplementary way. The purpose is to provide an alternative approach to economic evalu-
ation (CEA) that could be used do derive the different options’ incremental cost value ratio
(ICVR) drawing from a “clean state” MCDA approach. In a different way, the Paraconsistent
Value Framework, in addition to being cancer-specific, inform priority setting decisions at a
local level, in order to offer a supplementary tool to HT A practices, encompassing societal per-
spective, while incorporating views from the wider stakeholder community, such as expert
panels, following a sound methodology.

In another study, the “Advance Value Framework” was applied for evaluating a set of drugs
for the treatment of metastatic colorectal cancer following first line chemotherapy [57].
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Cetuximab scored the highest global value score, followed by panitumumab. Aflibercept in
combination with FOLFIRI scored the lowest global value score. In terms of value-for-money,
aflibercept in combination with FOLFIRI was shown to be dominated by panitumumab, both
of which were shown to be dominated by cetuximab. The therapeutic impact cluster (three
attributes) totaled overall a relative weight of 0.47 (OS = 28.9), the safety profile cluster (AEs) a
relative weight of 0.23, the innovation level cluster a relative weight of 0.19, and the socioeco-
nomic impact cluster (medical costs impact) a relative weight of 0.12.

Unlike that study, in the present study FOLFIRI and mFlox scored the highest global score,
outperforming cetuximab and panitumumab global scores. On the other hand, similarly, the
highest relative weights were assigned to criteria OS (0.22) and AEs (0.21), the lowest value
was assigned to CT (0.18). Two reasons explain these differences: the variation in the value
judgments of the different stakeholders included in each study and the variation in the perfor-
mance of the technologies according to the references that populated the models. Further-
more, although the highest relative weights of the criteria were attributed to similar criteria
(OS and AEs), and in the present study CT also received the lowest relative weight, quantita-
tively these values were different. In the present study, the weight of criteria related to thera-
peutic benefit and safety were lower, compared to the “Advance Value Framework” study,
while the weight attributed to economic aspects (CT) was greater in the present study. The
greater weight attributed to the economic related criterion in the present study may be associ-
ated in part to the incorporation of the purchase price and administration of the drug, differ-
ently from the “Advance Value Framework” study.

Another important difference between these studies is that the “Advance Value Frame-
work” study provides a cost benefit plot of global values, based on Multi Attribute Value The-
ory [17, 57], while the current study provides an uncertainty analyses of individual value
judgments, based on Logic Et theory [37, 38]. Although the theoretical constructs and applica-
tion purposes are different (one more focused on value for money analysis and the other more
focused on priority setting under uncertainty at a local level), future studies may investigate
possibilities of complementary uses of the two approaches.

Sensitivity analyzes helped to explore the perspectives being considered, insofar as the vari-
ations, and even contradictions of these individual perspectives, is a central component of
Logic Er. In the first scenario, when we did not group the participants (panel members), the
importance of the perspectives in influencing the global value is considered the same. In the
case of our study, this scenario led to a lack of definition, making a final analysis impossible,
when comparing the 6 treatments according to Fig 4 (“no grouping”). When we put the per-
spective of the clinical oncologist isolated in a group (which gives more significant influence
and capacity for determination to this perspective), the resultant of all technologies continues
in a region of undefinition, but in sub-regions tending to the truth or favoring the pertinence
of treatments (Fig 4, “oncologist highlighted”). When we isolate the perspective of the patient
representative in a group (condition of most significant influence), we observe that the result
of all treatments falls in the region of truth, which reveals the interest in incorporating and
reimbursing all options by this expert (Fig 4, “patient highlighted”). These interpretations are
possible due to the MAX and MIN rules applied in para-analysis [40].

Overall, a set of different treatment options for the indication of mCRC at first-line were
assessed and ranked based on their global value scores (Fig 2). These scores acted as value
indexes, comprised of the performance of the alternative treatment options against a specific
set of criteria. At the same time, these metrics were adjusted for the relative pertinence accord-
ing to different experts’ perspectives, as reflected by the para-analysis (Fig 3) although the par-
ticipants might at first have had opposing views and beliefs in regard to their judgments, the
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methodology allowed to make these differences explicit and to use contradictory information
to support decision-making.

Although the Paraconsistent Value Framework is not grounded on utility or value theory
[58], the implementation of this MCDA methodology at a local level (HB HTA) could take
place in the form of a supplementary “incremental” mode to other assessment processes [17,
26], such as cost-effectiveness analysis (CEA). The main purpose of the Paraconsistent Value
Framework is to enable an easier exploration of alternatives by decision-makers in real-world,
through extensive expert engagement and an encompassing capture of value perceptions and
experiences in health-care.

A central strength of this methodology, as explored through this case study, is the develop-
ment of the evaluation model with a group of relevant experts, which provided relevance to
varying ranges of health interventions’ performance, based on their previous experience in
health services. Furthermore, the framework was adjusted in that values were not restricted to
the appraisal committee or evaluation board responsible for decision-making. Instead, health-
care experience and scientific evidence were gathered in a way that the wider stakeholder com-
munity (HB HTA committee and decision-makers) could potentially reuse the built model in
the future evaluation of cancer treatments, allowing for other voices to take part of the process.

This study should be considered in light of its limitations. First, although the methodologi-
cal process we adopted is generally in alignment with recent good practice guidelines on the
use of MCDA for health care decision-making [18, 19], the review of the analysis was not done
in this first exercise. So, it was not possible to obtain committee members’ feedbacks and to
evaluate if they were positive about its use and easy of results interpretation.

Second, the inclusion of OS and PFS in the model would entail double counting effects
[19]; however, due to the importance of these two measures for decision-making in oncology,
committee members insisted on the relevance of maintaining them in the model. In this
regard, some of these participants argued that PFS could possibly capture concerns about qual-
ity of life.

Third, it is crucial to consider that we used un-synthesized data for performance assessment
so that estimates of treatment effects should be considered with caution. Alternatively, relative
treatment effects should be estimated through indirect treatment comparisons making use of
indirect evidence through a common comparator or network meta-analysis.

Fourth, setting ranges of performance, based on which treatment scores were derived, was
challenging. Although we recognize the importance of expert opinions, we did not want to set
levels that could be perceived as extremely optimistic or pessimistic, or even regarded as
“ideal” levels. So, we tried to be as objective as possible when setting these ranges, and we
decided to adopt the percentile distributions of previous CONITEC HTA processes for cancer
treatments. Anyway, these levels were validated by the committee members.

Fifth, the use of five ranges of performance for each criterion may not guarantee the neces-
sary granularity for partial value functions, in order to make it capable of differentiating alter-
natives with very close performances. However, for HB HTA applications of the methodology,
we consider that this would not compromise the use of the framework since even partial
MCDA has been recommended for this type of application [59].

Sixth, it is important to state that some would argue that correct application of the swing
weighting technique would involve a third step: consistency check [60, 61]. Thus, the method
of eliciting the criteria weights must be seen in light of this limitation, since consistency check
was not performed. Although we did not perform this step, the application sought to follow
the best practice recommendations for MCDA studies [19].

Finally, it should be clear that this is a simulation exercise illustrating the application of a
new cancer value framework that does not act as a panacea for challenges relating to
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appropriate evidence collection, combination of different expert experiences (or multi-stake-
holder perspectives). Instead, the paraconsistent MCDA framework should be seen as a tool to
understand, construct, and analyze perspectives in light of vested interests, contradictory
information, and already existing evidence.

The Paraconsistent Value Framework proposes a comprehensive methodology to consider
in making health-care choices when dealing with variations in expert opinions [62] is vital to
increase the legitimacy and transparency of decisions. Moreover, the approach is also able to
reveal gaps in available data and the need to align better experts (or stakeholders) with decision
problem needs. Overall, the framework encouraged a better analysis of the issues that troubled
panelists subconsciously [63], rendering them more explicit in this assessment.

Further research is needed to position the paraconsistent MCDA framework within a frame
of reference for the value assessment of cancer treatments. Thereby future studies should field
test the framework for other types of Cancer and compare treatments for different oncological
diseases.

Conclusion

The Paraconsistent Value Framework was designed to illustrate how cancer treatments could
be valued from different expert perspectives in HB HTA. The framework is proposed as a step
beyond the current MCDA practices, designed to aid HB HTA, in a supplementary way. Fur-
ther testing and validation are needed to build up the MCDA approach combined with para-
consistent methodology in order to improve the means to deal with uncertainty in priority
setting and health-care decision-making.
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