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Abstract

Objectives. After a medicinal product has been licensed, national health technology assessments (HTAs) are performed to ensure patients
have affordable access to new treatments. However, little is known about the role of epidemiology in this phase. Therefore, the aim of this
review is to summarize the impact of epidemiology on the HTA process, up until the final determination of the new drug reimbursement prices.

Material and Methods. A literature review was conducted to identify the criteria, data sources, and reimbursement procedures used by
various international and European HTA bodies.

Results. Epidemiology is a vital component of both economic and clinical assessments of innovative drugs. It plays a crucial role in several
stages of the HTA process, including: a) determining which health technologies will be assessed, b) providing information on the disease burden
and unmet medical needs, and c) uncovering the economic worth of the product and projecting the financial effects of launching it in the
market. d) ascertaining the conclusive confidential reimbursement amount by means of negotiation. The HTA process utilizes epidemiological
data, obtained primarily from national representative databases containing real-world data, which is often hard to access, particularly in certain
countries.

Conclusion. Epidemiology serves as the foundation for the economic and clinical evaluation of cutting-edge medicines during the HTA
phase. To guarantee the dependability of the evaluation, epidemiological information sourced from national representative databases should

be employed.
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Introduction

The etymology of 'Epidemiology' derives from the
Greek words epi (upon), demos (the people), and logos
(study of what befalls a population).1 The field
investigates the frequency of disease occurrence in a
population (descriptive epidemiology) and the
underlying determinants (risk factors) impacting this
frequency (analytical epidemiology).z’3 These
determinants encompass natural, biological, social,
cultural, and behavioral factors. Epidemiology is a
fundamental science of public health that seeks to
control health issues and prevent diseases.”” It provides
comprehensive details about disease and health events,
such as diagnosis, at-risk individuals, place and time of
occurrence, causes, risk factors, transmission,
consequences for the population, and the likelihood of
risk escalation or mitigation.4

The importance of epidemiology in shaping health and
public policy through evidence-based healthcare
policymaking is becoming an increasing evident.” At
each stage of the healthcare policy-making process,
epidemiology plays a significant role.® In terms of
assessing population health, epidemiology can aid in
identifying the actual health requirements or dangers of
a group, assessing the overall impact of health issues

and their socioeconomic implications on society, and
identifying  disparities in  health.  Additionally,
epidemiology can aid in assessing the effectiveness of
interventions. When it comes to shaping healthcare
policies and putting them into action, one can offer
guidance in establishing objectives for preventing
ilinesses, simulate the effects of different interventions
on the general health of the population, and furnish an
impartial foundation for selecting which options are
most worth pursuing, all of which are critical for
effective implementation. Additionally, with respect to
assessing the effectiveness of policies, it can aid in
devising a systematized means of tracking health issues
and identifying areas, where healthcare services may be
deficient, allowing for better planning and the
enhancement of present initiatives.®

In the pursuit of pharmaceutical and biological
products, epidemiological investigation plays a crucial
role. From the initial stages of research and
development to authorization and post-marketing
activities, epidemiology is an integral part of drug
development, characterized by considerable expenses
and time investment.’

The pharmaceutical industry employs epidemiologic
research to identify medical needs that are not met and
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to gain insight into the burden of a targeted disease,
which is manifested through mortality and morbidity
rates, among other indicators. Companies also gather
post-marketing safety data deemed necessary by
regulatory authorities. In addition, epidemiological data
is used by pharmaceutical firms to stimulate regulatory
approval, particularly for rare conditions that are
typically investigated through single-arm trials. In such
cases, data from those trials are compared to
information contained in existing databases (known as
"historical controls") in order to derive a measure of the
relative efficacy of the new product.g’10 Nevertheless,
once a medicine has been licensed, national health
technology assessments (HTAs) are conducted to ensure
that patients have affordable access to the new drugs.

Our aim in this narrative review is to present the role
of epidemiology in the HTA and reimbursement of a
new medicinal product, as no published work has
explored this topic yet to our knowledge.

Material and Methods

To investigate the criteria, data sources, and
reimbursement processes used by various international
and European HTA bodies, a literature review was
carried out. Relevant published material was scrutinized
in both the PubMed database and Google Scholar using
the keywords "health assessment technology AND
epidemiology role AND/OR epidemiology effect AND/OR
reimbursement procedures." A standardized data
extraction form was used to extract data using these
keywords, and the study followed the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews)
guidelines. A total of 1272 results were initially found,
but after carefully selecting and applying exclusion
criteria, 36 references were ultimately included in the
review.

Results and discussion

The HTA process serves as an important determinant
for reimbursement decisions, aiding in the efficient
allocation of healthcare resources. Its primary objective
is to produce greater value for money spent by
evaluating efficacy systematically and transparently,
safety and economic data in a biased-free and strong
manner."" Numerous European countries employ HTA
procedures in approving innovative drug therapies.lz'14
In accordance with the foundational model of the
European Network of HTA (EUnetHTA), the process
evaluates nine domains (Table 1) with the first four
pertaining to clinical evaluation primarily based on
global data like disease burden, allowing for a rapid

- 15 ..
assessment of new drug effectiveness.” The remaining
five focus more on non-clinical evaluation, assessing
issues such as economic, social, ethical and legal aspects

. . . 15
associated with national frameworks.

Table 1. Parameters for evaluation according to the
basic model of the European Network of HTA
(EUnetHTA)

O The health problem and current use of
technology (CURRENT)

Description and technical characteristics of
technology (TECHNICAL)

Safety (SAFETY)

Clinical effectiveness (EFFECTIVENESS)

Costs and economic evaluation (ECONOMIC)
Ethical analysis (ETHICS)

Organizational aspects (ORGANISATIONAL)
Patients and Social aspects (SOCIAL)

Legal aspects (LEGAL

0 Y i R Y

The role of epidemiology is vital in the entire process
of HTA, beginning with horizon scanning and
prioritization, extending to the support of unmet
medical needs, clinical and economic evaluations, and
the formation of managed entry agreements that
ultimately determine the reimbursement price of
innovative medicines.

The prioritization and selection of health technologies
to be assessed by HTA bodies are pivotal for public
health. To ensure transparency, comprehension and
practicality in the decision-making process, both
theoretical and practical approaches have been
published.g'16 These prioritize criteria including
epidemiologic indicators, such as prevalence, incidence
and disease-adjusted life expectancy to identify the
disease burden and unmet medical needs for the
prioritization of health technologies by HTA bodies,
according to literature reviews.'*™® HTA bodies utilize
various criteria to prioritize, including clinical outcomes,
such as final or surrogate clinical endpoints and health-
related quality of life outcomes, the presence or
absence of alternative therapies, innovative value in
terms of added therapeutic benefits, cost-effectiveness
assessments along with budgetary impacts, and other
forms of evidence, such as its placement in therapeutic
protocols or potential benefits for specific sub-
populations. Additionally, ethical considerations related
to human dignity and necessity are also taken into
account.* "’

Two primary factors for prioritization in Sweden are
the severity of the illness and the availability of
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treatment.”” More severe illnesses are given priority
through Willingness to Pay (WTP). In Italy and Germany,
"disease frequency" and "burden of disease" are
explicitly or implicitly used for priority setting by HTA
bodies."” In Canada, the disease burden and current
alternatives are key criteria for prioritizing HTAs. 16

The evaluation of a new health technology by HTA
entities heavily relies on the concept of Unmet Medical
Need (UMN). Recent research has classified UMN
definitions into three categories: (a) those solely
influenced by the availability of other treatments, (b)
those considering the disease's severity or burden in
addition to alternative treatments, and (c) those
encompassing three aspects — alternative treatment
availability, disease severity/burden, and patient
population size®

The size of patients’ population depends directly on
the prevalence and the incidence of the disease and
usually larger population means larger UMN. However,
even for small populations, an UMN might exist,
especially when treatment alternatives are completely
lacking and the disease is life threatening (i.e., orphan
medicines).8

The impact of living with illness, disability, and
premature death is measured by the burden of disease
(BoD), which is a component of UMN.”® BoD is
quantified by the disability-adjusted life years (DALY),
which reflects the difference between a life lived in
perfect health and the current health status. This is
measured by the number of healthy life years lost due
to illness (Years Lived with Disability, YLDs) and
premature death (Years of Life Lost, YLLs).ZO’22 In
essence, BoD combines mortality and morbidity into a
single, comprehensive metric. 2
To determine YLLs, the number of deaths from a
particular disease or injury in a reference year is
multiplied by the remaining life expectancy at the age of
death within each age and sex group. YLDs, on the other
hand, are calculated by multiplying the prevalence or
incidence of a disease by the severity of disability
associated with it, the duration of the disease, and its
severity distribution.®  This requires  extensive
epidemiological modeling and may draw on various data
sources, such as patient-reported outcomes, expert
opinions, and literature research. Accurate mortality
data is essential for YLL estimation, whereas YLD
estimation is a more complex process.20

It has been demonstrated from the aforementioned
points that epidemiology plays a significant part in
bolstering the UMN's belief that a novel medicinal
product will be sufficient. Upon examination of the
assessment standards employed by European HTA
organizations, we have come to comprehend that the

concept of burden of disease is evaluated in either an
implicit or explicit manner, with unmet medical needs
being one of the interpretations alongside severity and
prevalence (i.e., rarity) of the disease.

Formal criteria for determining medical need vary
across countries. In France, the presence of alternative
therapies and disease severity are defining factors. In
Germany, disease severity is included in the clinical
benefit assessment. In England, unmet clinical need and
availability of alternative therapies are important
factors, with disease severity particularly relevant for
life-extending medications for patients with limited life
expectancy.17

In Italy, the Netherlands, Spain, and Poland, the
evaluation process generally considers the severity and
prevalence of the disease, as well as the availability of
treatments, whether explicitly or not.”’ In Greece, the
clinical benefit is a major evaluation criterion and its
determination considers the severity and burden of the
disease.” In Australia, epidemiology holds significant
weight in the evaluation process and, within the context
of social values, makes allowances for rare cases, where
patients have no other treatment options, and their
condition is expected to lead to premature death.™

Epidemiology plays an important role in supporting
the economic value of a product across various
economic domains.

Assessment of cost-effectiveness outcomes. During the
HTA process, a new drug undergoes assessment of its
economic value through data analysis of cost-
effectiveness. This involves a comparison of two or
more interventions in terms of monetary cost (€) and
physical effectiveness (e.g., life years gained, reduction
of blood pressure in mmHg). The resulting Incremental
Cost Effectiveness Ratio (ICER) reflects the additional
cost required for a patient treated with the new drug to
achieve an additional level of effectiveness compared to
the standard of care or an alternative therapy. This ratio
is based on the calculation of the cost per unit of
effectiveness gained (e.g., life year, quality adjusted life
year, event avoided).m'26 In order to establish the cost-
effectiveness of a new treatment, it must be determined
that the calculated ICER falls below a predetermined
threshold, known as the willingness to pay (WTP)
threshold. The World Health Organization (WHO)
recommends a WTP threshold of 1 to 3 times the gross
domestic product (GDP) per capita of the relevant
country.zs’27 However, there is evidence based literature
demonstrating that this WTP threshold is extremely
higher for orphan drugs and end of life treatments.”® A
mounting collection of literature suggests that the WTP
threshold for orphan drugs and end of life treatments is
notably high. Berdud et al, research, for instance,
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indicates that the proposed incremental cost-
effectiveness threshold (CET) for orphan drugs is
reasonably adjusted to £39.1K per QALY at the orphan
population cut-off. Additionally, for ultra-orphan drugs,
the adjusted CET is estimated to be even higher at
£937.1K.%

The three criteria used to classify a drug as an orphan
and assess its cost-effectiveness at a higher WTP
threshold include: (a) Treating patients with short life
expectancy, usually under 24 months, (b) Providing
evidence that the new treatment offers a prolongation
of life of at least three months compared to the current
NHS standard, and (c) Being licensed for a small patient
population.

These criteria highlight the significance of
epidemiological evidence in evaluating the cost-
effectiveness of medicinal products, as it is utilized to
classify drugs as orphan and trigger higher WTP
thresholds. NICE (National Institute for Health & Care
Excellence) recognizes that the rarity of the disease
plays a key role in the evaluation of orphan drugs, and it
has been decided that there is an intention to pay more
for rare and serious diseases."’

Budget Impact Analysis. Apart from cost-effectiveness
analysis, budget impact analysis is usually assessed by
the HTA bodies to determine the impact that the
reimbursement of the new product might have on the
budget of the payer for a pre-defined time horizon.>*
The framework facilitates a comparison of two
scenarios. The first pertains to the current state of the
market, while the second envisions the future market
situation after the introduction of a new treatment. This
comparison captures the percentages of newly
diagnosed and existing eligible patients that the new
treatment is expected to attract from the existing
options. The budget impact analysis measures the
ramifications of this adoption on the healthcare system.
It appraises its impact on a specific target population
using various epidemiological indicators, such as
mortality, disease prevalence, percentage of diagnosed
and treated patients, and possible side effects.
Furthermore, it takes into account the data on resources
used and the unit costs of any other related healthcare
services. Ultimately, the total cost of each scenario is
evaluated and compared to determine the fiscal
implications of adopting the new treatment.” Budget
impact analysis relies heavily on epidemiology as it
provides essential indicators such as prevalence,
incidence, and mortality rates which help to determine
the number of eligible patients for new treatments.
Other important factors include the expected number of
patients to be treated and the average survival time
after diagnosis, also play a critical role. To accurately

estimate the eligible population over the next 5 years,
projections for epidemiological indicators must be used.
These projections are based on historical data and assist
in determining the patterns of these indicators.

The value of epidemiology in negotiation and
reimbursement. Negotiation is the final stage of the
process before the final decision for reimbursement or
not of the new medicinal product. The main task of the
Negotiation Committee is to negotiate prices of
medicines  that  have received a positive
recommendation by the HTA Committee and inform
back the HTA Committee about the agreement
concluded with manufacturers (if any). The agreements
are divided into financial and outcome-based
agreements. Financial based agreements are related to
the total cost of the new treatment either per patient or
for the entire target population and the outcome-based
agreements relates to the effectiveness of new
treatment in daily clinical practice.33 Epidemiology plays
a dominant role in the negotiation process. The
appropriate population size for the approved indication
of a new drug can influence the negotiation strategy.
This means different price for different population
groups. The bigger the target group, the bigger
discounts the drug companies ask for, and vice versa.
This applies both to price-volume contracts, which are
the most used financial-based contracts, and to
contracts with a ceiling on medical costs (closed
budgets). Therefore, knowledge of the epidemiological
indicators of the disease, such as incidence, prevalence
and mortality, contributes greatly to the correct
calculation of the target population. Thus, given the
treatment plan and recommended daily dose for the
appropriate patient, the expected number of units to be
sold can be estimated. This is considered as an
important parameter because the deal price depends on
this expected amount.>® In performance-based
contracts,  particularly  conditional = maintenance
contracts and performance-based contracts,
reimbursement applies only to those patients who
respond to treatment or subsets of patients. This
response is measured by epidemiological indicators per
patient, such as impact on mortality and survival, impact
on morbidity (symptoms or worsening), safety data and,
achievement of therapeutic milestones over time
periods.34

Sources of epidemiological data for pricing and
reimbursement.  Epidemiological evidence certainly
plays a key role in the reimbursement process. Ideally,
the data needed to assess disease epidemiology should
be collected from nationally representative systems
with factual data that are sure to be reliable sources.
Instead, incidence estimates are usually derived from
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multiple real-world data sources based on what is
currently available to describe the epidemiology of the
disease. Real-world data is categorized into data
extracted from primary sources and data extracted from
secondary sources. Primary sources are classified as
prospective and retrospective studies that are designed
and implemented to fulfill a predefined research
objective. Secondary sources include characterized
databases with patient-level data developed for other
purposes (e.g., medical records, electronic medical
records, benefit data, laboratory/biomarker data).ss'36
Another source of real-world data might be face-to-face
interviews with key opinion leaders or advisory boards.
It goes without saying, that the last is the less robust
method for extraction of epidemiologic estimates, but
still is an option in absence of any data from other
sources. In case that a specific epidemiologic indicator is
available from more than one sources, with none of
these being a nationally representative database, a
systematic review and meta-analysis should be
conducted to obtain a pooled figure after considering
the quality of each available study. Finally, only high-
quality studies should be taken into account to obtain a
robust pooled estimation for the epidemiological data.

It is widely accepted that epidemiology is the
cornerstone of the new drug development and
reimbursement process, and epidemiologic data are
usually obtained from real data sources. However, there
are difficulties in obtaining reliable epidemiological data.
First, although it is generally accepted that data
collected from national health databases would be more
representative and reliable, such databases are almost
non-existent in most countries. Second, even when such
databases are available (i.e., electronic prescribing
systems, patient registries, etc.), access is limited. Third,
even when national health databases exist, they are
characterized by poor quality due to the lack of a
standardized methodology for actual data entry and
analysis.34 There is an urgent need to develop disease-
specific registries in each country. The development and
appropriate use of treatment protocols by healthcare
professionals could also help to reflect daily clinical
practice and produce high-quality real-world data. Real-
time visibility and access to all stakeholders (i.e., MAHS,
regulators, public health decision makers, patient
organizations) is another important tool for
improvement.35 Digitization could definitely help
develop efficient, high capacity and fast database
systems. The quality, quantity and validity of RWE are of
the greatest importance, because they can contribute to
the development of constructive and transparent
discussions that lead to transparent and comprehensive
decisions about the rational allocation of medical

resources not only for curative therapy, but also for
prevention.

Conclusions

Epidemiology plays a central role in health technology
assessment and the substitution of new drugs. It is used
internationally in the stages of the evaluation and
reimbursement process for new medicines, from the
priority of the products to be evaluated to the final
confidential price of those products. Access to National
Health Service databases is necessary to obtain
representative and reliable epidemiological data to
facilitate the HTA process. Their development and use
require excellent planning, dedicated well-trained staff
and budget, and good cooperation between all
stakeholders.
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