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ABSTRACT

Introduction: Evidence has demonstrated
greater benefit of intra-articular hyaluronic acid
(IA-HA) within earlier stages of knee
osteoarthritis (OA) rather than waiting for
patients to have progressed to later stages of
disease progression. High molecular weight
(HMW) HA has also been shown to be more
effective than low molecular weight (LMW) HA
products in mild to moderate knee OA, pro-
viding an important distinction to make within
the class of IA-HA therapies. The purpose of this
study is to evaluate the cost-effectiveness of
treating patients with knee OA with HMW HA

compared to LMW and conservative treatment,
while taking into account disease stage.
Methods: Decision analytic models were cre-
ated for early/moderate, as well as late stage
knee OA. Models for late stage knee OA were
created by assuming a range of response rates to
IA-HA treatments from 10% to 50%. These
models included conservative treatment using
physical therapy/exercise, braces/orthosis, and
medications such as non-steroidal anti-inflam-
matory drugs (NSAIDs) and analgesics. The
models compared the cost per quality adjusted
life year (QALY) gained for these treatments to
the use of either LMW or HMW HA. Incre-
mental cost-effectiveness ratios (ICERs) were
calculated for each treatment in relation to
HMW HA.
Results: When evaluating treatment in early to
moderate knee OA, HMW HA was dominant
over LMW HA and physical therapy/exercise, as
it was less expensive and provided greater ben-
efit. HMW HA was cost-effective versus braces/
orthosis and NSAID/analgesic medications
based on a willingness to pay threshold of
$50,000. In the model of 50% response rate to
IA-HA for late stage OA, HMW HA remained
cost-effective in comparison to physical ther-
apy/exercise and braces/orthosis at a willingness
to pay threshold of $50,000; but not NSAID/
analgesic medications. In the worst-case sce-
nario of a 10% responder rate to IA-HA, HMW
HA was no longer cost-effective in any
circumstance.
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Conclusion: IA-HA, particularly HMW formu-
lations, demonstrate cost-effectiveness when
compared to conservative treatment options
and LMW HA in patients with early/mid stage
knee OA. The cost-effectiveness of HMW HA in
patients with later stage knee OA was not as
apparent, particularly because of the uncer-
tainty in the proportion of patients with late
stage OA who have a meaningful improvement
after receiving IA-HA. This cost-effectiveness
finding supports the use of IA-HA in patients
with early and moderate knee OA, as the bene-
fits of IA-HA are apparent within the patient
population with mild to moderate knee OA. The
findings of this study suggest that there is a
potential cost savings benefit as a result of uti-
lizing HMW HA in earlier stages of knee OA as
opposed to later stages.
Funding: Ferring Pharmaceuticals Inc.
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INTRODUCTION

Osteoarthritis (OA) is a progressive degenerative
chronic disease characterized by the degenera-
tion of cartilage in joints, resulting in friction
between bones that may cause stiffness, pain,
and reduced range of motion [1]. Osteoarthritis
is the most common cause of disability in older
adults worldwide [2]. While it frequently affects
the knees, hands, and hips, knee OA accounts
for more than 80% of the total disease burden in
developed nations [3]. In the USA, it is esti-
mated that 27 million adults currently have
diagnosed OA, and 9 million to 14 million
adults have mild, moderate, or severe knee OA
[4]. Knee OA has doubled in prevalence in the
USA since the mid-twentieth century, now
reaching prevalence estimates ranging from
13.8% in younger age groups to 37.4% in per-
sons 60 years of age and older [5].

There have been many studies that illustrate
the extent of socioeconomic burden in USA due
to knee OA [4, 6]. There is an increasing
awareness of the importance of identifying early
phases of the degenerative processes in knee
OA, as treatment options may provide greater
benefit when employed earlier in the disease
progression [7, 8]. Guideline-concordant care
for knee OA varies on the basis of disease
severity, patient preferences, and clinician
experience [8–10]. Non-operative and non-

Key Summary Points

The purpose of this study is to evaluate the
cost-effectiveness of treating patients with
knee osteoarthritis (OA) with high
molecular weight hyaluronic acid (HMW
HA) compared to low molecular weight
(LMW) and conservative treatment.

Decision analytic models were created to
conduct a cost-effectiveness analysis for
early/moderate, as well as late stage knee
OA.

High molecular weight intra-articular
injections with hyaluronic acid (HMW IA-
HA) formulations demonstrate cost-
effectiveness when compared to
conservative treatment options and low
molecular weight hyaluronic acid (LMW
HA) in patients with early/mid stage knee
OA.

The cost-effectiveness of HMW HA in
patients with later stage knee OA was not
as apparent, particularly because of the
uncertainty in the proportion of patients
with late stage OA who have a meaningful
improvement after receiving intra-
articular injections (IA-HA).

This cost-effectiveness finding supports
the use of IA-HA in patients with early and
moderate knee OA, as the benefits of IA-
HA are apparent within the patient
population with mild to moderate knee
OA.
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pharmacological management of knee OA often
includes education and self-management,
weight loss and strengthening, and biome-
chanical interventions such as knee braces
[11–13]. Anti-inflammatories are recommended
for patients with symptomatic OA of the knee
to address pain; however, prolonged use of
NSAIDS increases risk of gastrointestinal (GI),
cardiovascular, and renal complications
[14, 15].

Studies have shown that intra-articular
injections with hyaluronic acid (IA-HA) are
effective in decreasing pain associated with
knee OA [16]. A growing body of literature
suggests that high molecular weight (HMW) HA
(3000 kDa or higher) has a greater clinical ben-
efit than its low molecular weight (LMW)
(\3000 kDa) counterpart, providing evidence
of differential benefit between IA-HA treat-
ments [17]. Evidence has also highlighted that
HMW HA is of greater benefit to those with
early stage OA compared to patients with later
stage OA, suggesting that burden of illness and
cost-effectiveness analyses of IA-HA treatments
should take into account knee OA staging
[18, 19]. It is important to distinguish the dif-
ference between molecular weight of IA-HA,
and cross-linking. While molecular weight is a
measure of the chain length of HA, cross-link-
ing is a process in which HA chains are altered.
The purpose of this study is to evaluate the cost-
effectiveness of treating patients with knee OA
with HMW HA compared to LMW and conser-
vative treatment, while taking into account
disease stage.

METHODS

Data Sources

This study will be conducted from the payer’s
perspective. Cost data, complication rates, and
utility scores of patients were extracted from
previously published literature. If information
could not be retrieved for a specific parameter,
plausible assumptions based on expert opinion
or non-peer-reviewed literature are provided.
Data was collected from previously conducted
cost analyses and systematic reviews, with an

attempt to identify results that differentiated
between early/moderate or late stages of knee
OA for IA-HA treatment. Particularly, the per-
centage of responders to IA-HA was different
between early and late stage knee OA models to
demonstrate the potential differences in cost-
effectiveness of IA-HA based on the patients’
disease severity. A plausible range of possible
responder rates from 10% to 50% was used for
patients with late stage OA receiving IA-HA, as
relevant literature has suggested that clinicians
see reasonable success of IA-HA in 39% of
patients with late stage knee OA [8]. A complete
summary of the data sources utilized for analy-
sis is provided in Supplement 1. This article is
based on previously conducted studies and does
not contain any studies with human partici-
pants or animals performed by any of the
authors.

Decision Tree Model

Decision analysis models were created using
TreeAge Pro 2011� software to compare patients
with knee OA treated with IA-HA with conser-
vative treatment options. This comprehensive
model simulates possible disease states of
patients with knee OA throughout a course of
treatment of 6 months with IA-HA and conser-
vative treatment options. The standard of con-
servative treatments included were physical
therapy and exercise, braces and orthoses, and
NSAIDs. HMW HA was modeled using data
pertaining to the product Euflexxa (Ferring
Pharmaceuticals, Parsippany, NJ), which utilizes
three injections per treatment course. LMW HA
was modeled to include the requirement of five
injections per treatment course. A search of
previous knee OA cost analysis literature was
conducted to identify references for model
parameters.

Model Parameters

The cost-effectiveness of IA-HA treatment was
assessed by comparing total costs (in US dollars)
and utility outcomes associated with each
treatment option with complication rates taken
into account. All results are presented by disease
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severity to provide information regarding the
cost-effectiveness of treatment with IA-HA in
cases of early/moderate knee OA compared to
IA-HA treatment of later stage knee OA. IA-HA
treatments were considered to have the possi-
bility of acute local skin reactions and serious
local adverse event (AE) events such as synovi-
tis, and sepsis. Braces/orthosis and physical
therapy/exercise were both considered to have
potential minor AEs, while NSAID risks associ-
ated with gastrointestinal and cardiovascular
adverse events were also included in the model.

Outcomes

The outcomes examined include total costs and
changes in quality adjusted life years (QALY)
associated with each of the treatment options.
QALY was determined by the amount of health-
state utility gained multiplied by the life year
time frame of 6 months (0.5 years). Cost per
QALY gained for each treatment option was
then used to calculate the incremental cost-ef-
fectiveness ratio (ICER) value between each of
the evaluated treatment options. An ICER value
threshold of $50,000 was utilized to consider
cost-effectiveness of the treatments [20]. One-
way sensitivity analysis on costs of physical
therapy and exercise, braces and orthoses,
NSAID/analgesics, and LMW HA was also con-
ducted by adjusting by ± 10% to determine the
robustness of the results of the comparisons to
HMW HA. The low and high cost estimates for
these treatments were used to calculate the low
and high range of ICER values based on the
range in cost.

RESULTS

Early/Moderate Knee OA

The detailed tree diagram of the model for
early/moderate knee OA is provided in Fig. 1.
The average cost associated with conservative
treatment options over 6 months was $423.
Average costs associated with physical therapy
and exercise, braces and orthoses, and medica-
tion including NSAIDS over 6 months were

$901, $200, and $338 respectively. The average
cost associated with IA-HA treatment for
patients with early and moderate knee OA over
6 months was $608 for HMW HA and $693 for
LMW HA. The change in QALY among patients
with knee OA using conservative treatment was
0.028 life years. The changes in QALY for
patients using physical therapy and exercise,
braces and orthoses, and medication were
0.044, 0.001 and 0.032 QALY, respectively. In
patients with early/moderate knee OA using
HMW IA-HA treatment, the change in QALY
over 6 months was 0.058 life years. The change
in QALY for LMW HA was 0.029 QALY.

The cost per QALY gained and ICER for each
treatment relative to HMW HA are provided in
Table 1. These results demonstrate that HMW
HA is favorable from a cost-effectiveness per-
spective over each of the other treatment
options for patients with early/moderate knee
OA. HMWHA was dominant over LMW HA and
physical therapy/exercise, as it was less expen-
sive and provided greater benefit. HMW HA was
cost-effective versus braces/orthosis and NSAID/
analgesic medications based on a willingness to
pay threshold of $50,000. In the sensitivity
analysis, it was shown that the high and low
estimates of costs for each of the treatment
options provided similar conclusions as the base
case analysis (Table 1).

Late Knee OA

The model for late stage knee OA assumed a
significant reduction in patient responder rates
for IA-HA. The two models ranged from a 50%
to 10% responder rate of the IA-HA treatments
within late stage knee OA (Supplement 2).
Table 2 provides a summary of cost per QALY
for late stage knee OA for models of both a low
and high estimate of responder rates to IA-HA.
When the modeled cost-effectiveness in late
stage patients was assessed, HMW HA remained
dominant over LMW HA; however, the cost-ef-
fectiveness of HMW HA changes in comparison
to the results of early/moderate stage knee OA.
In the model of 50% response rate to IA-HA, it
remains cost-effective in comparison to physical
therapy/exercise and braces/orthosis at a
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willingness to pay threshold of $50,000. The
ICER of NSAID/analgesic medications versus
HMW HA is $67,000 when response to HMW
HA is considered to be 50%, slightly surpassing

the willingness to pay threshold of $50,000. In
the worst-case scenario of a 10% responder rate
to IA-HA, HMW HA was no longer cost-effective
in any circumstances.

Fig. 1 Tree diagram for early/mid knee OA

348 Adv Ther (2020) 37:344–352



DISCUSSION

This analysis demonstrated that HMW HA is
cost-effective in early/moderate knee OA when
compared to LMW HA and conservative treat-
ment options. The cost-effectiveness of HMW
HA becomes less apparent in late stage knee OA,
as the results were affected by a reduction in
response to IA-HA treatment in these particular
patients. Current literature has demonstrated
that IA-HA is more effective in the earlier stages
of knee OA, as opposed to being employed as a
later stage treatment [18, 19]. The findings of
this study suggest that this benefit is extended
to the cost savings that would be a result of
utilizing HMW HA in earlier stages of knee OA

as opposed to later stages. Additionally, this
study demonstrates the benefits that HMW HA
has over LMWHA counterparts, a finding that is
consistent with previous OA literature [17]. The
models developed provide similar conclusions
regarding the cost-effectiveness of IA-HA treat-
ment, specifically HMW HA, while providing
greater insight into the potential implications
of delaying HMW HA use in patients with knee
OA [20, 21]. The clinical implications for this
research suggest that use of HMW HA products
specifically, in earlier stages of knee OA, provide
cost-effective benefits to the healthcare system
that would not be apparent if the use of HMW
HA is delayed until patients have progressed to a
later stage in the disease.

Table 1 Cost-effectiveness of included treatments for early/moderate knee OA

Treatment Cost/QALY
gained

Base case ICER (versus
HMW HA)

Sensitivity

Low cost ICER (versus
HMW HA)

High cost ICER (versus
HMW HA)

HMW HA $10,482.76 – – –

LMW HA $23,896.55 Dominated Dominated Dominated

Physical therapy

and exercise

$20,477.27 Dominated Dominated Dominated

Braces and orthosis $200,000.00 $7157.89 $7508.77 $6807.02

NSAID/analgesic

medication

$10,562.50 $10,384.62 $11,684.62 $9084.62

Dominated: HMW HA was both cheaper and more effective

Table 2 Cost-effectiveness in late stage knee OA

Treatment ICER: 50% responder rate
(versus HMW HA)

ICER: 10% responder rate
(versus HMW HA)

HMW HA – –

LMW HA Dominated Dominated

Physical therapy and exercise $36,875 $8027.03a

Braces and orthosis $11,600 $67,333.33

NSAID/analgesic medication $67,000 Dominating

Dominated: HMW HA was both cheaper and more effective
Dominating: Treatment was both cheaper and more effective than HMW HA
a Incremental cost of HMW HA and incremental effect were both negative, signifying that HMW HA is not cost-effective
unless this ICER is greater than the willingness to pay threshold
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This study demonstrated strength in its
comprehensive modeling of multiple conserva-
tive treatment options compared to LMW and
HMW HA. This model has utilized data from
many previous cost analyses to ensure that a
robust model was used to assess the cost-effec-
tiveness of these treatment options. This study
also has limitations that must be considered
when interpreting the results of this study. It is
important to note that the range of potential
responder rates of patients with late stage knee
OA receiving IA-HA was an assumed range
based on the evidence of reduced effectiveness
in this population. While an exact responder
rate in later stages of knee OA is uncertain, this
range of plausible values aided in illustrating
the impact that reduced response to IA-HA
would have on the cost-effectiveness of IA-HA
treatments. The use of these responder rates is
strengthened by the range used, as a 10%
response rate to IA-HA may be considered as a
very low estimate in order to provide a very
conservative worst-case scenario. This wide
range of possible benefit was made because of
the indirect nature of the 39% responder esti-
mate derived from clinicians’ perceptions liter-
ature, as opposed to empirical evaluation of
treatment effect [8]. The model was also limited
by the assumptions made within the costs
associated with complication rates, and utility
scores of the patient at different stages.
Assumptions are a common and important
component of health technology assessment
that are utilized to provide plausible informa-
tion to fill gaps in a comprehensive model that
does not have direct data from the literature
[22, 23]. The final important limitation for this
study is the data used to model conservative
treatment options for late stage OA. This data
assumes that these conservative treatments
would provide their effect in later stage
patients. While this may not be an exact rep-
resentation of these treatment’s effects in later
stages, this assumption provides the most con-
servative estimates with regard to cost-effec-
tiveness of the IA-HA treatments. For this
reason, the results of this study remain as con-
servative evaluations of the cost-effectiveness of
IA-HA in late stage patients.

It is important for future research, whether it
be prospective investigations or meta-analytic
efforts, to aim to provide data regarding the
differential effects of IA-HA therapies on patient
characteristics such as disease severity. Cur-
rently there is a large body of evidence that has
evaluated IA-HA as a treatment for knee OA
[16], yet there are fewer assessments that pro-
vide comprehensive insights into the implica-
tions and effects of IA-HA treatment within
different patient subpopulations. This informa-
tion would be important to understand IA-HA
efficacy, as well as the specific cost-effectiveness
of IA-HA within these subpopulations.

CONCLUSION

In this study, HMW IA-HA formulations
demonstrated cost-effectiveness when com-
pared to conservative treatment options and
LMW counterparts in patients with early/mid
stage knee OA. The cost-effectiveness of HMW
HA in patients with later stage knee OA was not
as apparent, particularly because of the uncer-
tainty in responder rates of patients receiving
IA-HA who would see a clinical improvement as
a result of injection. This cost-effectiveness
finding supports the use of IA-HA in patients
with early and moderate knee OA, as the bene-
fits of IA-HA are more apparent within patients
in earlier stages of disease. The findings of this
study suggest that there is a potential cost sav-
ings benefit as a result of utilizing HMW HA in
earlier stages of knee OA as opposed to later
stages.
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