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Abstract

Introduction: The science of health technology policy-making has, in recent years, gone beyond merely conducting health technology
assessment studies, systematic reviews or economic evaluations. In fact, sciences based on decision-making in operational research, such
as multi-attribute and multi-objective decision-making methods, have been added to this field.

Methods: Examining several prominent papers in the field of applying multi-criteria decision analysis to the science of health technology
assessment, this study attempts to provide guidance for policy makers in the field of health technologies to acquaint them with the history,
current challenges, and the future of this field.

Results: Mathematical approaches based on multi-criteria decision analysis began to be used in the fields of health policy making and
economics in 2006 and 2008. These approaches are still being completed to adapt to the field of health. The main challenges in this regard
are the existence of attributes such as equity and ethical issues facing the use of technology in health systems. The quantitative assessment
of such attributes is really demanding. It is also very difficult to weight the attributes in such a way that all the considerations regarding
technology stakeholders can be taken into account.

Conclusions: In general, the application of approaches from applied mathematics to the field of health technology policy making can help
us clarify the prioritization process. At the same time, however, using the efforts made so far by researchers in this field from around the
world, we have, to a large extent, been able to overcome the operational shortcomings in applying those approaches in the field of health.
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1. Introduction

Decision makers are always judged based on the re-
sults of the decisions they make. Therefore, they need to
increase the accuracy of the models they use in decision
making in order to respond to the hectic conditions of to-
day’s markets and make effective decisions. In addition,
the rapid growth of economics and technology in recent
decades has dramatically changed human life, leading
to the confrontation of modern societies with complex
decision-making problems. Today, the health sector is
also facing restricted resources as other sectors all over
the world (1). This limitation of resources leads to having
no choice except finding the best possible way to spend
the available resources. To do so, methods of prioritizing
services and how to use them are required (1).

One of the most dominant ways in prioritizing services
in the field of health is to use health technology assess-
ment in choosing health technologies since, in recent

years;therehasbeenasignificant growth inusing medical
technologies. Appropriate use of these technologies can
help diagnose and treat diseases. On the other hand, un-
limited import of these technologies may cause induced
demand by service providers and the over-consumption
of the technologies. This problem has been prevalent in
many developed and developing countries, causing an
increase of expenditures. Therefore, assessments should
be systematically carried out before importing such tech-
nologies with regard to issuing permissions for import
and how to use them so that the available resources are
used optimally (2).

In recent years, the science of health technology policy
making has hardly moved further than conducting a
health technology assessment study or a systematic re-
view or an economic assessment by including the science
of decision-making in operational research like multi-cri-
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teria decision making. In other words, health technology
policy-making is based on the following process: (1) Pri-
oritizing research topics in conducting health technol-
ogy assessment, (2) determining the scope of research
(PICOD), (3) conducting health technology assessment,
(4) appraising technologies to be included in the package
of health services or entering into the practice, (5) com-
munication and appeal (3).

Multi criteria decision making majorly related to the
operations research involving a wide range of method-
ologies. MCDA techniques have wide application in pub-
lic-sector and also in private-sector decisions (4). Multi-
criteria decision analyses are classified into two general
categories: multi-objective models (MODM) and multi-
attribute models (MADM), with the former models being
used in designing issues and the latter models used in
selecting the best choice (4).

MCDA is increasingly used to support health care deci-
sion making. The MCDA includes decision makers who
evaluate the options under consideration based on the
explicit weighting of the criteria associated with the over-
all decision. A prime example of the MCDA used in health
care decision-making has received much attention in
recent years, is the selection of health “technologies” to
fund. Other applications include prioritizing patients for
surgery, prioritizing diseases for research (5).

Considering the increasing use of such methods in the
field of health sector decision-making, especially in the
field of health technologies, this study intends to draw
a future path in this field by reviewing and interpreting
the history of, and challenges in, using these approaches
in the field of health technology policy making (included
papers in this commentary majorly related to the tech-
nical ones which focused on the development of using
MCDM models in health technology policy making).

2.The History of Applying the Model

Basically, there are two approaches for prioritizing
health technologies: The first approach is the use of tech-
nical analyses, which rely on quantifiable epidemiologi-
cal, clinical, financial as well as other types of data. The
second approach is the use of interpretive evaluations,
which is based on the consensus of the views of informed
participants. Technical approaches depend on data ac-
cessibility, and priorities are made based on terms of
measurable units such as diseases or interventions. The
problem with quantitative approaches is that they may
ignore the amount of judgments made by stakeholders
who do not participate in the method. Approaches which
are based on consensus among stakeholders rely solely
on stakeholders’ subjective judgments and this can lead
to mistakes in health technology policy making because
their opinions may not be in line with data-based scien-
tific evidence (clinical and economic) or their opinions
may result in inductive demand in health systems.

The first application of multi-criteria decision making

models in prioritization goes back to two studies in 2006
and 2008 in which the possibility of applying these mod-
els in the field of health was introduced (6, 7).

Both models followed almost the same mechanism and
could, in 2010 and 2012, help the researchers to decide on
the use of growth hormone in the treatment of Turner
syndrome and be implemented in prioritizing the use of
public health packages in Thailand, all entirely based on
a quantitative process (8, 9).

Given that both models were based on quantitative
data, the authors of both models came to realize that
many decisions in the field of health feature criteria and
variables that cannot be completely quantified and, at
the same time, have a high impact on the populations
they cover (ethical and organizational criteria are a few
examples). Therefore, the authors tried to develop mod-
els that, while being quantitative and transparent, could
apply the views of health stakeholders (in the context of
informed negotiation) in that area of decision-making
and provide a comprehensive model.

In the included studies, analyses which are based on
multi-criteria decision making are mainly conducted in 3
sections in the field of health technology policy making:

2.1. Prioritizing and Selecting Topics to Perform
Health Technology Assessment

In this area, some studies have employed multi-criteria
decision analysis methods to prioritize the conduction
of research on the suggested topics and proposals for
health technology assessment. One of the most impor-
tant projects of this type is the project conducted in
Canadian Agency for Drugs and Technologies in Health
(CADTH)in 2010. Based on the stakeholders’ opinions and
in line with the Analytic Hierarchy Process (AHP) model,
which is a kind of multi-criteria decision-making model
based on the opinions of experts, the proposals are pri-
oritized (10).

Another model is the one conducted in Iran in 2016 and
2020, which was based on different multi-criteria deci-
sion-making techniques and determining the roles of
different influential attributes in the field of prioritizing
research in health technology assessment and simulta-
neously receiving stakeholders’ opinions (11, 12).

2.2. Prioritizing the Technology Under Study
in Comparison with Its Control Group in a Health
Technology Assessment Report

The decision-making process to allocate resources is a
complex process. Taking into account the views of health
care providers and recipients leads to better decision
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making (13). In recent decades, multi-criteria decision
analysis (MCDA) has also been used more frequently in
the field of health technology assessment (HTA) (14). In
this method, and under the EVIDEM framework, a set of
appropriate criteria for decision making is determined
through analysis, negotiation with stakeholders, and
consultation with experts (7, 9). In a 2010 study in Can-
ada, the use of tramadol for chronic noncancerous pain
(CNCP) was studied using multi-criteria decision analysis
under the EVIDEM framework in the Canadian Drug Ad-
visory Committee. In this study, 14 criteria of MCDA were
used to evaluate the health technology assessment (HTA)
of tramadol. Data regarding each criterion was collected
and then weighting and scoring of the set of criteria was
done by the committee members during different meet-
ings. In support of the systematic use of a wide range of
criteria to evaluate health interventions, the country’s
Pharmacovigilance Committee has found it useful to use
the multi-criteria decision analysis under the framework
of EVIDEM in HTA (15). The main criteria used in this mod-
el were: improvement of effectiveness, the status of evi-
dence, limitations related to comparable interventions,
disease severity, type of medical service, cost effective-
ness, attractiveness for public health, improvement of
patientrelated outcomes, improvement of safety and tol-
erability status, population size, impact on other expen-
ditures, completeness of reported evidence, availability
of clinical guidelines, and the budget impact (15).

2.3. Prioritizing Technologies for Entering Benefit
Package or Insurance Coverage

Since making a decision to cover a drug or service by
health insurance is a very complex process, the use of ef-
ficient and clear processes to ensure the transparency
and consistency of the factors which are considered in
choosing the technology is completely necessary. Using
high-benefit and low-cost technology is one of the ide-
als of insurance companies in improving the health of
the insured according to cost consciousness; however,
decision-making becomes more complex in some cases,
when other factors such as social benefits are to be con-
sidered. Thus, in deciding to cover drugs and services,
decision makers may encounter a dilemma between the
benefits of cost analysis and the reactions of people and
professional staff (16). Therefore, to make rational and ac-
ceptable decisions from the views of all stakeholders, it
is quite necessary to deploy systematic and transparent
approaches for setting the priorities (17).

In recent years, the search for comprehensive, struc-
tured, and accurate solutions in health insurance cover-
age has been expanded. Health technology assessment is
a multidisciplinary process that provides decision mak-
ers with clinical, social, economic, and ethical informa-
tion. Health technology assessment has, however, been
criticized so far as only aspects of clinical effectiveness,
cost-effectiveness, and budget impact are considered
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in HTA, and other aspects are ignored under this frame-
work. For this reason, analysis based on multi-criteria de-
cision making is highly valued instrument which should
be paid more attention for supporting decisions and con-
sidering a wider set of criteria in line with more social
benefits and wider coverage of services in the decision-
making process (18).

In this regard, the International Society for Pharmaco-
economics and Outcomes Research (ISPOR) has devel-
oped relevant guidelines and, at the same time, has taken
measures regarding coverage issues using this approach
in countries such as Colombia, Italy and Thailand (19).

One of the most widely used applications of MCDA is in
the pricing and refund process (P&R) of rare drugs and
diseases. The reason behind using this method in this
field is to discuss the exchange between economic and
non-economic attributes. Given the economic burden of
certain diseases, the price of rare drugs is a major chal-
lenge, especially in the P&R decision-making process (20);
This is because most medications for rare diseases are not
cost effective in health technology assessment (HTA) due
to the small population of sufferers and the high cost of
medications. Prioritizing rare drugs only by using cost-
effectiveness data and ignoring other criteria can exclude
potentially valuable options and limit the potential treat-
ment options available to patients. That is why using
MCDA in this field has received a lot of attention in many
countries, especially in European countries (21).

3. Current Challenges

It seems that one example of the most important chal-
lenges facing the use of multi-criteria decision analyses
in the field of health technology policy making is the ex-
istence of equity and ethical issues as two main attributes
in using technology for health systems. The quantitative
measurement of these two values is quite demanding
and researchers all over the world are looking for solu-
tions.

Another major challenge in applying this technique in
the field of health technology assessment is weighting
these two attributes so that all concerns of technology
stakeholders can be considered (19). The remaining chal-
lenges can be considered in all the three main applica-
tions mentioned above. Some such challenges are men-
tioned below:

3.1. Prioritizing and Selecting Health Technology
Assessment Topics

It seems that predicting economic attributes such as
the degree of uncertainty about the cost-effectiveness
of technology and the impact of technology budget re-
quires the design of strong methodologies in this area
since these attributes play a key role in determining the
type of technology assessment reports (12). The reason is
that some technologies may require full health technol-
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ogy assessment (along with economic assessment stud-
ies) and others may only require a rapid review of health
technology assessment, which will in turn have a signifi-
cant impact on the allocation of research funding.

3.2. Prioritizing the Technology Under Study in
Comparison with Its Control Group in a Health
Technology Assessment Report

It seems that in a health technology assessment report,
and considering different areas of assessment such as
safety, effectiveness, cost-effectiveness, and ethical and
organizational issues, making use of multi-criteria deci-
sion analysis can lead to mistakes. For example, the effec-
tiveness has a duplicate value because they are also con-
sidered in cost- effectiveness and cannot be compensated
comparatively (3). Also, attributes defining safety such as
the rate of the incidence of side effects due to complica-
tions and mortality cannot be compared with other at-
tributes such as effectiveness and cost-effectiveness for
compensation (3).

3.3. Prioritizing Technologies for Entering into Ben-
efit Package or Insurance Coverage

It seems here that one of the most important challeng-
es for prioritizing technologies, which have been evalu-
ated in different diseases, must first be a determination
of the role of each attribute in the prioritization process
(among the three roles of vetoing, compensatory and
decision-making) (3). For example, does the effectiveness
of technology have a vetoing role or can it be compared
with other attributes, such as the size of the population
of the target disease or its severity for compensation?
There seem to be challenges regarding decision-making
attributes, which are considered as the most important
attributes derived from the economic and social environ-
ments of societies; in some countries, economic issues
such as cost effectiveness and budget impact are impor-
tant, whereas in other countries the significant issues are
the ones related to justice or equity as well as the ethic
and social issues, which should be clearly addressed in
the health policy paradigms of the country (3).

4. Future Path

As mentioned earlier, the most important challenge
facing the use of multi-criteria decision analyses in the
field of health technology assessment is how to apply the
views of stakeholders in the technology policy making
process (both in determining the weights of the attri-
butes and in the final stage of prioritization), considering
the effectiveness attributes such as justice or equity, cost
effectiveness and budget impact. As for an attribute such
as justice, it is very difficult to quantify it or it is wrong

to be quantified. With regard to cost-effectiveness and
budget impact, determining their weights in the policy-
making process and determining their relationship with
other influential attributes such as the size of the target
population of the disease and the availability of alterna-
tive technologies with the same level of effectiveness and
safety are only a few of the obvious technical problems
in this area.

In recent years, two main models in this field have tried
to solve such issues. They seem to have a promising fu-
ture in the field of health technology assessment:

(1) The first model is the evidence informed delibera-
tive process (EDP) framework, developed by a team of
researchers at Radboud University in the Netherlands,
which has been able to mix the qualitative results of ne-
gotiations of stakeholder with the quantitative models
which are based on multi-criteria decision analyses. The
model is mainly for prioritizing health technology in the
appraisal stage and is used to design a package of services
for universal health coverage (3).

(2) The second model is “ evidence and value: impact
on decision-making “ or “EVIDEM”, which was initiated
by a team of researchers at McGill University in Canada
in 2008. The studies using this model have prioritized
the target technology in comparison with its control
group in a health technology assessment report. This
framework has been tested and implemented for clini-
cal decision-making and resource allocation in devel-
oped and developing countries such as Canada, South
Africa and Italy. EVIDEM is being updated through a joint
international non-profit network (17). These versatile
instruments consist of an MCDA module and an HTA
module. The criteria for decision analysis, on which the
EVIDEM framework is based, have been identified via ex-
tensive literature analysis and detailed analysis of drug
decision-making processes conducted in more than 20
decision-making and arbitration areas around the world.
The MCDA model used in this method consists of 15 attri-
butes (measurable | intrinsic criteria) that are universally
usable (for example, low and high scales are universally
agreed). The framework also entails detailed protocols
for collecting, analyzing, evaluating, combining, and pro-
viding evidence for each decision criterion (HTA module)
for preparing HTA reports that are directly integrated
into the MCDA model (22). This approach has been de-
veloped to facilitate knowledge transfer, support the ad-
visory process by systematically considering all decision
criteria, prioritize health care interventions, and increase
decision-related communication. It is now perfectly inte-
grating informed negotiations of technology stakehold-
ers into the quantitative results of multi-criteria decision
analyses in order to solve the problems that exist in ap-
plying this field.

In addition to these two main models, a team of lead-
ing researchers in this field introduced another concept
called “MCDM with decision rules” in November 2019.
The model suggests that by correctly determining the
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roles for the influential attributes in the field of prioritiz-
ing health technologies, the views of stakeholders in the
field of health technologies can be considered perfectly
in the form of evidence-based negotiations and within
the attributes of effectiveness such as justice, cost effec-
tiveness and budget impact (23). Also, this concept can
be appropriately used in all the three sections of health
technology policy-making process, namely “topic selec-
tion” (12), “assessment” and “appraisal”.

Regarding the drawbacks of weighting as mentioned in
some studies (19), it is suggested that the pairwise com-
parison technique be employed in which the views of all
stakeholders are used. In this method, the relative im-
portance of each attribute compared to other attributes
is extracted in pairs and, using the geometric averaging
technique, the opinions of all stakeholders are collected
as consensus.

It is also necessary to point out that the studies mainly
emphasize on the approach of “multi criteria decision
analysis”, which is only about its mathematical forms.
Therefore, it is suggested that another approach in this
field, ie, multi-objective decision making, be also consid-
ered in future studies because these mathematical mod-
els can clearly determine how to allocate budgets and
technology to different geographical areas taking into
account budget constraints.

5. Conclusions

In general, the application of applied mathematics ap-
proaches in the field of health technology policy making
can help clarify the prioritization process (both in the
field of ranking and in the field of allocating the resourc-
es). However, using the effort made by the researchers in
this field working all around the world, we can, to a large
extent, overcome the practical shortcomings of the appli-
cations of such approaches in the field of health, some of
the examples of which were mentioned in this study.
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