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ABSTRACT

Osteoarthritis (OA) is a degenerative joint disease with a substantial global burden, causing chronic pain and
reduced quality of life. Managing OA efficiently while maximizing healthcare resources is crucial. Health economics
and health technology assessment (HTA) are central tools providing a framework to evaluate the clinical, economic,
and ethical aspects of healthcare technologies and interventions. This article presents some insights into the role
of health economics and the HTA process in OA management. It also illustrates an example of cost-effectiveness
analysis in a specific healthcare context, on the basis of a recent clinical trial involving hyaluronic acid treatment
for knee OA. While HTA offers valuable insights, it faces challenges like data availability and resource constraints.
Integrating health economics into decision-making can enhance patient care and allocate resources effectively in
OA and other healthcare domains.
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Introduction

Osteoarthritis (OA) is a highly prevalent degenerative joint
disease affecting over 7% of people globally (1) and causing
chronic pain, reduced mobility, and decreased health-related
quality of life (HR-QoL) (2-4). Environmental, biomechanical,
biological, and genetic factors contribute to various clinical
outcomes (5-7). Risk factors for OA include aging, genetics,
trauma, obesity, and metabolic issues (6,7).

OA imposes a considerable socioeconomic burden and
is a leading cause of disability in older adults (1). Between
1990 and 2019, OA cases more than doubled to 527.8 million
worldwide, with rising prevalence rates, particularly in
knee and hip joints (8). The knee is the most common loca-
lization of OA and contributes most to the overall burden
(8,9). Unfortunately, OA management is often neglected and
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misunderstood, with patients’ concerns disregarded by clini-
cians (4,10).

Despite varying OA incidence trends by region, the preva-
lence is expected to increase, mainly in higher-income countries,
due to aging and longer life spans, and higher obesity rates
(4,8,9). Elevated medical costs are related to OA, accounting
for 1% to 2.5% of high-income countries’ GDP (1,4,8).

The constraints of the limited healthcare budgets result in
the urgent need to efficiently allocate available resources to
support the effective management of OA while providing the
greatest possible value to patients and society and maximi-
zing the population’s health. Healthcare resource allocation
should focus on providing the best quality of healthcare to
most people (11), with an equal and efficient distribution of
financial resources tailored to actual needs (12). Policies for
allocating scarce healthcare resources should be based on
criteria relating to medical need, urgency of need, likelihood
and anticipated duration of benefit, and change in quality of
life of the patients. To this end, health economics and health
technology assessment (HTA) are essential to support policy-
makers in making efficient decisions about financing and
reimbursement (13,14).

This article aims to briefly review the rationale and roles
of health economics in decision-making in OA. The two main
methods for economic analysis, trial- and model-based
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economic evaluation, will be presented and illustrated with
an example (15) of a determination of the cost-effectiveness
of an intra-articular (i.a.) injection of a high- and low-mole-
cular-weight hyaluronic acid formulation (HA-HL), for the
treatment of knee OA, using individual patient data from a
recent randomized, placebo-controlled trial. Finally, some
limitations and challenges of HTA will be discussed.

Overview of the management of OA

Current treatment recommendations for OA combine
pharmacological and non-pharmacological interventions
(16,17); optimal management strategies should consider
both approaches.

In addition to the use of topical, oral, or i.a. medications
where appropriate, a comprehensive plan for managing OA
should include supportive information and patient education,
self-management, weight loss, and physical interventions
such as structured exercise programs designed to maintain
physical activity (16,17).

The European Society for Clinical and Economic Aspects
of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases
(ESCEO) recommends the use of symptomatic slow-acting
drugs for osteoarthritis (SYSADOAs) to provide symptomatic
relief and potentially slow down the progression of OA (18).
Analgesics, specifically oral nonsteroidal anti-inflammatory
drugs (NSAIDs), remain the mainstay of pharmacological
treatment, particularly in patients without comorbid con-
ditions. Guidelines for the Osteoarthritis Research Society
International (OARSI) and ESCEO support the use of oral
NSAIDs for patients with knee or hip OA (16-18). Nonselective
NSAIDs, preferably with the concomitant addition of a proton
pump inhibitor or selective cyclooxygenase-2 (COX-2) inhibi-
tors, may be used in individuals without comorbid conditions
or with knee OA and gastrointestinal comorbidities.

Administration of i.a. corticosteroids (IACS) and i.a. HA
is conditionally recommended in individuals with knee OA
(19,20). IACS may provide short-term pain relief in individuals
failing to respond to other conservative measures, although
there are concerns about potential side effects with repeated
use, whereas i.a. HA may have a beneficial effect on pain of
>12 weeks duration, with a more favorable long-term safety
profile than repeated IACS (16).

Even small to moderate effect sizes of symptomatic tre-
atments for OA may provide clinically meaningful benefits to
patients (21). Despite the many treatment options available,
the heterogeneity of the disease, patient comorbidities, and
individual responses to therapy may result in inadequate
symptom control or adverse effects in some patients and
represent a challenge for decision-making in managing OA
(4). Recognizing these challenges and considering the high
healthcare costs of the disease, clinicians should personalize
treatment, choosing interventions in consultation with the
patient that balance symptom control with low risk of harm
and with a greater emphasis on HTA.

Health economics in OA

The efficient allocation of healthcare resources is critical
to improving OA management; to achieve this, policymakers
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must be confident about the economic value of an interven-
tion. Effective evidence-based decision-making requires rigo-
rous evaluation of the validity, reliability, and generalizability
of a medical intervention gained through trial-based empiri-
cal data and verification of the cost-effectiveness of the inter-
vention (22,23).

Ongoing research seeks effective interventions for OA
treatment, preventing disease progression, and, ideally,
disease onset. The growing economic impact of OA is com-
pounded by limited resources, with global healthcare spen-
ding projected to rise from $10 trillion in 2015 to $20 trillion
in 2040 (24). Mounting tensions exist between the increasing
demand for universal healthcare and new and increasingly
expensive technologies such as gene therapies. A health
intervention must not only be safe and effective but also
cost-efficient to ensure affordable and optimal allocation of
healthcare resources.

Economic evaluations provide the tools to compare and
balance the costs and expected benefits of different interven-
tions, typically in the dimensions of the difference between
the interventions in societal costs against the difference in
quality-adjusted life years (QALYs) (23).

Using the example of a patient with OA, QALY represents
the area under the curve (AUC), combining QoL with the life
years. If an intervention improves QoL but also improves life
expectancy, the benefit will be a gain in QALY, which can be
represented by an increase in the AUC (Fig. 1).

In OA, a common instrument for measuring the utility (a
number for health status between 0—worst health state or
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FIGURE 1 - Quality-adjusted life years gained from a health techno-
logy intervention.
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death—and 1—best possible health state or full health) is
the EuroQol 5-Dimension Questionnaire, a five-level health
status measure (EQ-5D-5L) that measures HR-Qol (25). The
EQ-5D-5L is a generic descriptive instrument that defines
health in terms of the five dimensions (Mobility, Self-Care,
Usual Activities, Pain/Discomfort, and Anxiety/Depression),
each with five answer options and five levels of severity
(none, slight, moderate, severe, extreme/unable to). Patients
are asked to select the best level for each dimension. Health
states calculated from the responses to the EQ-5D-5L que-
stionnaire are converted into a single health utility score
between 0 and 1, using a relevant national value set (a selec-
tion of health states). EQ-5D-5L value set is available for
different countries (26-29). Over time, improvement or pro-
gression can be seen by repeating the questionnaire.

Other OA-specific QoL instruments include the Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) score (30), which can also be translated into a
utility score (31).

Depending on the perspective of the economic evalua-
tion, three cost types come under consideration: medical
costs, patient and family costs, and productivity losses (32).

The results of a cost-effectiveness analysis can be expres-
sed in terms of the incremental cost-effectiveness ratio
(ICER) (32). The lower the ICER, the more cost-effective the
intervention; an intervention should be adopted if the ICER
is below the cost-effective threshold (A). A threshold equiva-
lent to twice the GDP has been proposed in some countries.
Alternatively, the cost-effectiveness results may be represen-
ted by the cost-effectiveness plane, which plots the cost dif-
ference on the vertical axis and the effect difference on the
horizontal axis (33) (Fig. 2). Within the quadrants that weigh
cost vs. effectiveness, the marginal trade-off of costs and out-
comes may be sufficiently high or low as to support the adop-
tion or rejection of an intervention (23).

In an ideal situation (in the south-east quadrant of Fig. 2),
the intervention can be considered to produce a better out-
come and is likely to be adopted. In any case, where the ICER
is below the willingness to pay threshold set by the payer,
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REJECT 4

Effect difference

0

FIGURE 2 - The cost-effectiveness plane.
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the intervention may still be considered cost-effective and
be recommended when all healthcare costs are considered,
including hospitalizations and other disease-related care costs.

Economic evaluation of medical interventions in OA

There are two methods to determine the cost-effectiveness
of an intervention: trial-based and model-based evaluations
(34). In the case of trial-based evaluation, economic evalua-
tion is performed in conjunction with randomized control-
led trials by collecting patient-level data on costs and QALY
(34). For example, in a 1-year trial with a utility questionnaire
component (e.g., EQ-5D), all of the healthcare resource uti-
lization of every patient will be collected at predetermined
time points and the cost vs. QALYs gained will be averaged
to determine if an intervention is cost-effective (treatment A
vs. treatment B). The trial-based method has the advantage
in its high validity; costs and effects are analyzed from indi-
vidual patient data from the same population, with an early
opportunity to produce cost-effectiveness results. However,
potential disadvantages include a truncated time horizon
(e.g., evaluation of data from a 1-year trial of an intervention
that may have long-term benefits), a failure to consider all
relevant options by restricting the comparison to the limi-
ted comparators determined by the trial design, restricted
generalizability to different settings or countries, failure to
incorporate all relevant evidence from different trials, and
deficiencies in quantifying decision uncertainties (34,35).
Trial-based economic analysis can still be appropriate,
depending on whether long-term benefits and costs need to
be captured or if all relevant comparators are included in a
trial. In the model-based evaluation, mathematical models
are used to predict an intervention’s long-term health out-
comes and cost consequences by extrapolating beyond the
scope of available evidence. Indirect comparisons can be uti-
lized when interventions cannot be evaluated directly, and
model-based approaches allow results to be generalized to
other settings or patient groups (34-36).

However, model-based analysis also has some limitations.
Extrapolating accurately is difficult and subject to various
uncertainties (e.g., parameter uncertainty and assumptions).
To account for uncertainty and draw valid conclusions, sensi-
tivity analyses investigate how results deviate from the base-
case analysis obtained from the preferred input data set (34).
Different methods of sensitivity analysis have been develo-
ped: one-way deterministic analyses using tables or tornado
diagrams, bootstrapping to characterize sampling uncertainty
in trial-based economic evaluation, or probabilistic sensitivity
analysis for health economic models. The two last can be pre-
sented in cost-effectiveness acceptability curves. Bootstrapping
is a simulation-based technique that uses the original data set
and a large number of resampling assessments to generate an
empirical distribution for the ICER, which can be used to pre-
pare a cost-effectiveness acceptability curve (34).

A trial-based cost-effectiveness evaluation: one example
A recent randomized controlled trial of an innovative for-

mulation of HA for the treatment of OA assessed the efficacy
of an i.a. formulation of HA-HL (Sinovial® HL, IBSA) in the
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management of moderate-to-severe symptomatic knee OA
(37). Male and female subjects aged 40-80 years with primary
knee OA according to American College of Rheumatology cri-
teria, with Kellgren and Lawrence radiographic evidence of
OA of grade 2-3, were enrolled in the multinational study,
conducted in Belgium, Germany, Hungary, Italy, and Poland
(ClinicalTrials.gov identifier NCT03200288).

The intention-to-treat and safety population of the
24-week trial consisted of 692 patients (347 in the HA-HL
group and 345 in the placebo group). The study showed that
a single i.a. administration of the new HA-HL formulation
reduced pain much more effectively and significantly than
placebo (Fig. 3), providing clinically relevant and sustained
effects on pain, functionality, and HR-QoL.

However, a decision to allocate limited financial resources
dictates that an intervention should be cost-effective as well
as safe and effective.

Data from the clinical trial of HA-HL can be used to
explore the cost-effectiveness of a single i.a. injection of
HA-HL compared with placebo from a specific perspec-
tive, in this example, a Swiss healthcare perspective. Using
individual patient-level data from the trial allowed a useful
illustration of the value of a health economic evaluation in
guiding health policy decision-making. The EQ-5D-5L 5-point
verbal Likert scale was used during the trial, allowing the
calculation of the health utility value and the related QALYs
using the AUC method for the periods 0-1, 1-6, 6-12, 12-18,
and 18-24 weeks (15,37). As no health utility value sets are
available for Switzerland, the mean utility values for the
five major European countries for which health utility value
sets are currently available (Denmark, France, Germany,
the Netherlands, and the United Kingdom) were used to
calculate the exact utility value.
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FIGURE 3 - Visual analog scale (VAS) pain reduction in patients with
moderate-to-severe symptomatic knee osteoarthritis treated with a
single dose of an innovative intra-articular injection of high- and low-
molecular-weight hyaluronic acid (HA-HL). A repeated measures mi-
xed-model analysis of covariance that included factors for treatment,
baseline, and site (scale of 0—best to 100—worst) was used. Repro-
duced from Migliore (2021) (CC-BY 4.0 http://creativecommons.org/
licenses/by-nc/4.0/) (37)
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The ex-factory price of HA-HL in Switzerland, Swiss francs
(CHF) 174.48 excluding VAT, was used for the treatment cost.
Of note, HA-HL is currently not reimbursed by Swiss com-
pulsory health insurance/compulsory basic health insurance
plans. Therefore, its public price is subject to market forces.
In Switzerland, the profit margin of physicians or pharmacists
can be up to 80% of the ex-factory price but may be as low as
around 40%. To deal with uncertainty, it is, therefore, impor-
tant to incorporate sensitivity analyses into the evaluation,
and the following prices were used for the calculation of the
6-month cost of treatment:

1) the total public price (“midpoint”), i.e., the ex-factory
price + 40% profit margin + 7.7% VAT = CHF 263.08,
2) the lower limit of public price for sensitivity analysis,
e., the ex-factory price + 20% profit margin + 7.7%
VAT = CHF 225.50, and
3) the upper limit of public price for the sensitivity analysis,
e., the ex-factory price + 80% profit margin + 7.7%
VAT = CHF 338.25.

Although no specific threshold value for the ICERs below
which an intervention is considered to be cost-effective
is available, a recent review of the literature suggests a
value of US $100,000 may be scientifically relevant (38).
Therefore, in the analysis, a primary threshold of 91,540
CHF per QALY (corresponding to US $100,000) was consi-
dered, with secondary thresholds of 79,423 CHF per QALY
(corresponding to the 2020 GDP per capita of Switzerland of
86,601.6 CHF) and 254,307 CHF per QALY (three times the
GDP per capita).

When the base-case scenario for the cost of HA-HL was
considered, the calculated ICER was 27,860 CHF/QALY gained,
which is far below the threshold values of cost-effectiveness
(Tab. 1). Similar results were obtained using the bootstrap
method, with an ICER of 27,212 CHF/QALY (95% confidence
interval [Cl] 20,135-34,289 CHF/QALY). ICERs of 23,888 and
35,815 CHF/QALY were obtained using the lower and upper
limit prices in the calculations, both of which are still below
the recommended international intervention thresholds
(Tab. 1).

The analysis showed that, using an ICER limit of 50,000
CHF, HA-HL had an acceptable cost-effectiveness ratio
compared with placebo in 99% of the cost-effectiveness pairs
and was inferior in only 1% of the pairs (data not shown).
However, a cost ceiling ratio is important in determining
the cost-effectiveness probability of a new intervention,
depending on a society’s willingness to pay per gain in
effectiveness. Thus, a cost-effectiveness acceptability curve
for HA-HL can be calculated, given a maximum acceptable
ceiling ratio between 80,000 and 90,000 CHF per QALY
gained. The calculation showed that the probability that
HA-HL is cost-effective compared to placebo was 95% (15).

In summary, the trial-based cost-effectiveness evalua-
tion showed that an i.a. solution of HA-HL is cost-effective
from a Swiss healthcare perspective compared to a placebo.
The results support and confirm the role of HA-HL as an
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TABLE 1 - Incremental cost-effectiveness ratio in patients receiving
intra-articular HA-HL or placebo (n = 692)

Parameter Value
Incremental QALYs per patient
HA-HL group 0.0580
Placebo group 0.0486
Incremental cost per patient, CHF
Placebo 0
HA-HL
Base-case (“midpoint”) scenario 263.08
Lower limit 225.50
Upper limit 338.25
ICER, CHF/QALY
Base-case scenario
Standard method 27,860
Bootstrapping 27,212 (95% CI 20,
135-34,289)
Lower limit 23,888
Upper limit 35,815

CHF = Swiss francs; Cl = confidence interval; HA-HL = high- and low-molecular-
weight hyaluronic acid; ICER = incremental cost-effectiveness ratio; QALYs =
quality-adjusted life years.

Reproduced from Bruyeére (2022) (CC-BY 4.0 http://creativecommons.org/
licenses/by-nc/4.0/) (15)

important therapeutic option in the management of knee
OA, providing cost-effective clinical benefits that persist for
at least 6 months.

Limitations and challenges of HTA

The data from the study summarized above indicate that i.a.
HA was beneficial both from a clinical and pharmacoeconomic
point of view. However, some limitations are worth mentioning,
in light of the considerable heterogeneity in methodological
approach and the variable quality and reporting standards of
economic evaluation studies that limit generalizability (23). For
example, the analysis focused on direct medical costs, specifi-
cally the cost of the HA-HL treatment, but it did not consider
indirect costs such as productivity loss, transportation, or care-
giver costs, which are important factors in the overall econo-
mic impact of a healthcare intervention. In addition, the study
used mean utility values from other European countries to cal-
culate the utility value for Switzerland. This may not accurately
reflect the utility values of the Swiss population, potentially
introducing bias into the results.

There remain issues with the availability and quality of
evidence that forms the basis of health economic research.
Research gaps for particular subgroups of patients, heteroge-
neity of patient populations, the need to incorporate long-term
outcomes, and patient-reported outcome measures into health
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research are all issues that impact health economics research.
These aspects are particularly relevant in such a complex, hete-
rogeneous, multifactorial chronic disease as OA. Moreover,
while clinical trial design has been refined and formalized over
an extended period, designing valid models for economic eva-
luation is a more recent discipline that is still being established,
with substantial diversity in frameworks, methodology, purpo-
ses, and roles that represent challenges for decision-makers in
deciding the validity of HTA conclusions (36).

There are increasing demands placed on agencies respon-
sible for HTA while at the same time concerns grow over
fragmentation of health systems, and inadequate financial
resourcing of HTA. Current methods and processes of HTA
will continue to evolve to better and more precisely meet the
needs of health economics and to effectively engage patients,
clinicians, and other stakeholders in HTA processes (39).

Finally, the scarcity of human resources available to con-
duct HTA has been identified as a challenge and should not
be overlooked (39). Investing in initial and ongoing staff trai-
ning in health economics, collecting and analyzing real-world
data, network meta-analysis, and budget impact analysis are
both essential and expensive.

Conclusions

HTAs have an increasing role in the decision-making pro-
cessin OA, as with other diseases, and contribute significantly
to establishing quality, efficient, and sustainable healthcare
systems able to allocate limited healthcare resources equi-
tably to increasingly complex health technologies. Using the
example of a recent clinical trial of an innovative i.a. HA for-
mulation in patients with moderate-to-severe symptomatic
knee OA, we have seen how a trial-based economic evalua-
tion can augment the efficacy and safety data collected in a
trial to confirm the value of an intervention as a therapeu-
tic option (15). In this case, the value of CHF/QALY of the
i.a. HA-HL formulation was substantially below the primary
threshold for the ICER for which the intervention was consi-
dered to be cost-effective in the Swiss healthcare perspective
and remained so when sensitivity analyses were conducted
using the lower and upper limit prices in the calculations.
A cost-effectiveness acceptability curve provided additio-
nal information about the distribution of the ICER estimate,
demonstrating a probability of at least 95% that HA-HL was
cost-effective compared with placebo over a wide range of
values for the maximum acceptable ceiling ratio.

Economic considerations have become essential to
inform policymakers tasked with optimizing patient care (23).
Analyses able to demonstrate the economic value of advances
in the management of a chronic and disabling condition such
as OA are essential to ensure healthcare resources efficiently
optimize patient care and reduce the considerable individual
and socioeconomic burden of the disease.

As a constantly evolving discipline, HTA can be expected
to play an increasingly important role in identifying optimal
care strategies as key principles, best practice, and com-
mon processes for conducting economic analyses to guide
resource allocation decisions continue to be developed.
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