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Purpose: To estimate the cost-effectiveness and budget impact of viscosupplementation

with one intra-articular (IA) injection of 6 mL hylan G-F 20 (Synvisc-One®) and with three

injections of 2 mL hylan G-F 20 (Synvisc®3×2) in knee osteoarthritis (OA) patients

compared with conventional support therapy (CST – eg, NSAIDs and acetaminophen) and

the cost-effectiveness of one IA injection of 2 mL hylan G-F 20 (Synvisc®1×2) in hip OA

patients compared with CST from an Italian Health System perspective.

Methods: The model used was a Markov model with states for stages II–IV on the

Kellgren–Lawrence scale and runs on 6-month cycles over a 5-year time horizon. A 3.5%

discount was applied to both costs and utilities. Direct costs were determined from the

perspective of the Italian National Health Service. A one-way and probabilistic sensitivity

analysis was conducted for both comparisons.

Results: Hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL for knee OA were very likely to

be cost-effective when compared to acetaminophen (ICER = €3,160.61 and €3,845.81 per

QALY, respectively) and NSAIDs as both ICERs are below €25,000. The hip OA treatment

by hylan G-F 20 1×2 mL was dominant compared to NSAIDs and very likely compared to

acetaminophen. The results of the cost-effectiveness analysis were confirmed by one-way

sensitivity analysis. The budget impact analysis for knee and hip OA showed a small

increase in expenditure during 5 years.

Conclusions: Hylan G-F 20 1×6 mL/hylan G-F 20 is a cost-effectiveness treatment

compared to NSAIDs and acetaminophen in the treatment of knee/hip OA in Italy. The

treatment of hip and knee OA resulted in cost-saving with hylan G-F 20 1×2 mL and

economically sustainable with hylan G-F 20 1×6 mL. However, Real Word Evidence studies

should be conducted in order to estimate costs associated with both prosthetics and to

understand the reduction of physiotherapy and medication due to hylan G-F 20.

Keywords: budget impact, cost-effectiveness, osteoarthritis, viscosupplementation, hylan

G-F 20, total knee or hip replacement

Introduction
Osteoarthritis (OA) is a chronic degenerative joint disease characterized by pro-

gressive damage of articular cartilage and underlying bone, pain and functional

limitation.1 It is the most common form of arthritis and the sixth-leading cause of

disability in the world,2 being comparable to that of asthma,3 according to WHO.

The hip and knee are the joints most frequently affected by OA, and they are

associated with moderate to severe disability even in young adults.4 In European

countries, OA estimated prevalence is 35% among people aged 50–59 years, and
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55% for people over 70 years of age,5 while the lifetime

risk is 45% and 25%,6,7 respectively, for knee and hip OA.

Limitations to job activity are relevant in people with

OA if compared with a healthy age- and sex-matched

population, leading to a reduction of working hours, diffi-

culties in job applications, or early retirement due to the

illness,8 and thus, causing relevant socioeconomic conse-

quences and financial losses.9 Given the increasing inci-

dence of OA with age, the extended life expectancy

observed in Italy should result in a progressively higher

number of people with this condition.10

Hip and knee OA are usually managed with systemic

treatments such as analgesics and NSAIDs and, in the

most advanced cases, with prosthesis. However, many

patients cannot tolerate NSAID-induced side effects, pre-

dominantly gastrointestinal ulceration and bleeding.11

Furthermore, although surgical treatment of hip and knee

OA is effective, it is not appropriate for all disease stages

or for all patients, and it is also costly and not without

risk.12

Viscosupplementation (VS) with intra-articular hya-

luronic acid (IA-HA) is a well-established treatment

option in knee OA and it is included in the professional

guidelines for treatment of the disease in this joint, but it

should be applied theoretically to all synovial joints in

order to reduce pain, improve joint function and contrast

joint damage.1,13,14 VS with hylan G-F 20 has been shown

to be safe and effective treatment in patients suffering

from both knee and hip OA.15–17

The use of treatments such as VS is a decision to be

considered at the initial stage, since they involve more

short-term costs, but represent savings in the medium

and long term by delaying surgery and reducing NSAIDs

and acetaminophen consumptions.17

The change from non-invasive (eg, NAIDS, etc.) to an

invasive therapeutic solution could at first glance lead to a

low adherence and acceptability by patients but unfortu-

nately, there are few data available on this point. In parti-

cular, many of the conclusions regarding patient

acceptability can be derived from clinical effectiveness in

pain reduction. For example, the overall satisfaction rate

assessed at 12 weeks in a study of two HA preparations

was high, with over 80% of all patients being either

“satisfied” or “very satisfied.”18

Briggs et al19 more recently on pretreatment patient

expectations and posttreatment satisfaction reported that

relief of pain and improved ability to walk were consid-

ered “very important” by 69% and 78% of the patients,

respectively. So more data should be available in order to

consider the economic consequences of adherence and

acceptability of VS.

There are five injectable forms of HA approved by the

United States Food and Drug Administration (FDA)

including Hyalgan®, Supartz®, Orthovisc®, Synvisc®,

and Euflexxa®. Each of these HA products differs in

their origin, method of production, molecular weight, dos-

ing instructions, biologic characteristics, and possibly clin-

ical outcomes.15 Hylan G-F 20 is one of the VS products

approved for marketing in Canada since 1992 and the

United States since 1997 after public review of the data

by a FDA advisory panel.20

The aim of this analysis was to determine the cost-

effectiveness and the budget impact of hylan G-F 20

therapy compared with conventional supportive therapy

(NSAIDs and acetaminophen) in the treatment of knee

and hip OA in the Italian setting.

For knee OA, two different cost-effectiveness (CEA)

and budget impact (BIA) analyses were performed: the

first one with one IA injection of 6 mLhylan GF-20

(Synvisc-One® – hylan G-F 20 1×6 mL) and another

with three injections of 2 mLhylan G-F 20 (Synvisc® –

called hylan G-F 20 3×2 mL) per year. For hip OA, the

CEA and BIA were performed considering one IA injec-

tion of 2 mL hylan G-F 20 every 6 months (Synvisc® –

called hylan G-F 20 1×2 mL).

Methods
Model and transition probabilities
The model used was a Markov model with states for stages

II–IV on the Kellgren–Lawrence (K-L) scale, and then

states for either total knee replacement (TKR) or total

hip replacement (THR), the after-replacement period, and

death. In each of the K-L states, a decision tree was used

to model treatment effectiveness, with different utility

values applied for successful treatments depending on the

intervention used and then the same utility value regard-

less of intervention for treatment failure. The model runs

on 6-month cycles.

A 5-year horizon was chosen with a 3.5% discount

applied to both costs and utilities. Patient progression

through the K-L states was based on a rate of progression

derived from Pavelka et al (2000) and Jordan JM et al

(2011) studies, for knee and hip, respectively.21,22 TKR

incidence was estimated by Weinstein et al (2013)23 and

the incidence of revision knee prosthesis was estimated by
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Chawla et al (2017),24 while the incidences of THR and

revision were estimated by Piscitelli et al (2013).

The annual probability of gastrointestinal and cardiovas-

cular adverse events (AEs) was estimated by Katz et al

(2016) and the annual incidence of pulmonary embolism by

prosthesization was estimated by Memtsoudis et al

(2009).25,26 The mortality rate is based on the Italian life

table adjusted for the increase risk of death faced by people

with OA.27

Efficacy
Effectiveness was defined as the number of patients having

a meaningful reduction in knee OA symptoms and these

values were derived from clinical trials.15,28–30 The same

effectiveness values were used for hylan G-F 20 3×2 mL

and hylan G-F 20 1×6 mL OA knee analyses, as they

showed similar effectiveness.31

The same effectiveness values were used for both knee

and hip analyses as there are few data from trials that were

solely focused on hip OA as opposed to solely knee OA or a

combination. This assumption is supported in the literature.17

Cost
Direct costs were determined from the perspective of

Italy’s National Health Service and included direct costs

of the drugs (NSAIDs and acetaminophen), the cost of

administering hylan G-F 20 1×6 mL and hylan G-F 20,

while the costs of gastrointestinal and cardiovascular AEs

were estimates by Piscitelli et al (2012),10 Gerzeli et al

(2005),32 and Stukerboom et al (2002)33 studies. The cost

of hylan G-F 20 1×6 mL and hylan G-F 20 was commu-

nicated by the pharmaceutical company (Table 1).

Regarding the choice of acetaminophen and NSAIDs

drugs used in the analysis, the expert opinion of Prof.

Alberto Migliore34 and the most widely used drugs in the

Italian context were considered (Table S1). Moreover, in

order to estimate the cost of each drug, the average cost

between originator cost and generic drug costs was

assumed (using CODIFA Database) (Table S2).

Knee and hip IA injection administration costs were

estimated from outpatient service costs of Italian National

Health Service35 and for hip VS was considered the ultra-

sound-guided IA injection technique because IA injec-

tions, may be dangerous to infiltrate the hip owing to the

uncertainty of injecting into the joint cavity. The ultra-

sound guidance extends the same benefits as achieved by

VS in OA of the knee to OA of the hip but it brings an

additional cost.36

It was assumed that other related costs such as specia-

list visit costs would be similar regardless of treatment and

have therefore been excluded. This decision is discussed

further in the sensitivity analysis.

Indirect costs were also included based on productivity

loss on treatment failures. This was derived using the

average number of work days OA suffers miss multiplied

by the average daily salary in Italy (OECD, 2016).37,38

Kingsbury et al study37 is the only one updated scientific

publication that estimates working days lost for knee and

hip OA in Italy, but it also considers finger OA. Therefore,

indirect costs related to productivity loss might be

Table 1 Costs of drugs, AEs and total joint replacement used in CEA and BIA

Cost AC Source

NSAIDs €6.21 – Average between the cost of originator and the cost of

generic drugsAcetaminophen €4.40 –

1 IA injection of 6 mL hylan

GF-20 per year)

€319.00 (annual

cost per patient)

€27.89 (for only one

administration)

Company and outpatient service costs of Italian

National Health Service for AC – cod. 81.9235

3 injections of 2 mL hylan G-

F 20 per year

€286.00 (annual

(cost per patient)

€27.89 (for only one

administration)

Company and outpatient service costs of Italian

National Health Service for AC – cod. 81.9235

1 IA injection of 2 mL hylan

G-F 20 every 6 months

€190.67 (annual

cost per patient)

€83.02 (eco-guided needle

biopsy) (for only one procedure)

Company and outpatient service costs of Italian

National Health Service for AC – cod. 40.19.0133

Total knee/hip replacement €8,861.77 DRG system – DRG 54435

Total knee/hip revision €11,152.00 DRG system – DRG 54535

Pulmonary embolism

treatment

€4,009.00 DRG system – DRG 7835

Cardio AE treatment €8,773.82 Average of Piscatelli Piscitelli et al (2012) and

Gerzeli et al (2005)10,32

NSAIDs GI AE treatment €3,239.97 Sturkenboom et al (2002) adjusted for inflation33

Abbreviations: AC, administration cost; CEA, cost-effectiveness analysis; DRG, diagnosis-related group; BIA, budgetimpact analysis; GI, gastrointestinal; AE, adverse event.
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overestimated just in the CEA and not in BIA because it

takes into account only the direct cost. Furthermore to

estimate accurately productivity loss, it is necessary to

conduct Real Word Evidence studies by using regional or

hospital databases.

These costs are included regardless of age based on the

argument that the productivity of retired people should be

included in for equity reasons.39

Budget impact analysis
The BIA has been generated for knee and hip. Hylan G-

F 20 1×6 mL and hylan G-F 20 3×2 mL were used for

knee and hylan G-F 20 1×2 mL for hip models, con-

sidering simulation with a time horizon of 5 years, for a

cohort of 1,000 patients for states 2, 3 and 4 according

to K-L scale and the other input parameters used in the

cost-effectiveness model. The consumption of drugs at

stages 2–4 was estimated by Thomas et al (2017)40 and

expert opinion.

Two scenarios have been analyzed: treatment of knee/

hip OA with and without hylan G-F 20 1×6 mL/hylan G-F

20 and include cost associated with drug assumption

(NSAIDs, acetaminophen, PPI, COX2), AE incidence,

TKR/THR and knee/hip revision. In the VS scenario for

knee and hip joints, we used a Kaplan–Meier survival

curve to estimate the delay in performing a knee and hip

operation, as reported in Waddell et al (2007) and in Van

Den Bekerom et al (2008), respectively.41,42 Considering

the lack of Kaplan–Meier curve for hylan G-F 20 1×6 mL,

Waddell's study was used for hylan G-F 20 1×6 mL too.

Considering the time horizon of BIA, the hip and knee

prosthetics reduces the economic burden of hip and knee

OA due to joint replacement and prosthesis revision costs,

and management of AEs too.

As in the CEA, the choice of PPI and COX2 drugs used

in the analysis are based on expert opinion and most widely

used drugs in Italy (Table S2). Drug costs were estimated

based on the average between the cost of originator and the

cost of generic drugs (using the CODIFA Database). The

perspective used to perform this analysis is one of the

public payer of the Italian National Health System.

Results – CEA
Base case analysis – knee
After running the model with the base case values, ICERs

for the comparison of hylan G-F 20 1×6 mL, hylan G-F 20

3×2 mL versus both acetaminophen and NSAIDs were

determined for the treatment of knee OA (Table 2, Table 3).

The results show that hylan G-F 20 1×6 mL and hylan

G-F 20 3×2 mL for OA knee treatment are very likely to

be cost-effective compared to acetaminophen and NSAIDs

as the ICERs for both comparisons are well below

€25,000, one of the suggested cost-effectiveness thresh-

olds for Italy (Mencacci et al, 2013)43 (Tables 2 and 3).

The ICER is higher hylan G-F 20 3×2 mL compared to

hylan G-F 20 1×6 mL analysis due to the higher cost of

hylan G-F 20 3×2 mL due to the three injection adminis-

tration. Another important aspect that should be consid-

ered is the reduction in NSAIDs-related AEs with hylan

G-F 20 1×6 mL and hylan G-F 20 3×2 mL.

Serious AEs, defined as either cardiovascular events,

including myocardial infarction, stroke, coronary heart dis-

ease, and congestive heart failure, or gastrointestinal events,

including gastric or duodenal ulcers, gastrointestinal

Table 2 Base case ICERs – hylan G-F 20 1×6 mL

Intervention Cost (€) Effect (QALYs) Incremental cost (€) Incremental effect (QALYs) ICER (€/QALY)

Acetaminophen €5,454,999.52 2,502.86 – – –

Hylan G-F 20 €6,564,867.89 2,854.02 €1,109,868.37 351.16 €3,160.61

NSAIDs €5,923,164.24 2,767.77 – – –

Hylan G-F 20 €6,564,867.89 2,854.02 €641,703.65 86.25 €7,440.07

Table 3 Base case ICERs – hylan G-F 20 3×2 mL

Intervention Cost (€) Effect (QALYs) Incremental cost (€) Incremental effect ICER (€/QALY)

Acetaminophen €5,454,999.52 2,502.86 – – –

Hylan G-F 20 €6,805,483.21 2,854.02 €1,350,483.69 351.16 €3,845.82

NSAIDs €5,923,164.24 2,767.77 – – –

Hylan G-F 20 €6,805,483.21 2,854.02 €882,318.97 86.25 €10,229.83
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hemorrhage, and intestinal obstruction, and related mortality

from NSAIDs use were modeled. Out of a cohort of 1,000

patients over the 5-year horizon, there were 55 and 36

serious AEs and 10 and 8 deaths simulated in the

NSAIDs cohort for hylan G-F 20 1×6 mL and hylan G-F

20 3×2 mL, respectively.

Base case analysis – hip
The results for hylan G-F 20 1×2 mL for hip OA treatment

indicate additional QALYs and cost compared to acetami-

nophens with the ICER well below €25,000, while hylan

G-F 20 1×2 mL compared to NSAIDs was dominant,

which means that hylan G-F 20 1×2 mL is the most

efficacy and less expensive treatment option (Table 4).

As discussed in the knee analysis, another aspect that

should be considered is the reduction in NSAIDs-related

AEs that hylan G-F 20 provides. Out of a cohort of 1,000

patients over the 5-year horizon, there were 26 serious

AEs and five deaths simulated in the NSAIDs cohort.

The lower numbers, when compared to the knee analysis,

are due to the higher rate of hip replacements, thus fewer

patients are taking NSAIDs.

One-way sensitivity analysis
A one-way sensitivity analysis was conducted for hylan G-

F 20 1×6 mL, hylan G-F 20 3×2 mL and hylan G-F 20 1×2

mL for both comparisons. In all cases, the results of hylan

G-F 20 1×6 ml and hylan G-F 20 3×2 mL remained robust

ICER under €17,000 to any parameters within plausible

ranges, except for the following three scenarios.

1. Comparison with acetaminophen when the utility

from an effective acetaminophen treatment exceeded

the utility from an effective hylan G-F 20 1×6 mL and

hylan G-F 20 3×2 mL treatment. This scenario is

however very unlikely as a review of clinical trials

has shown hylan G-F 20 to have a more positive

impact on the health state of patients with OA than

acetaminophen (Towheed et al, 2006).44

2. Comparison with NSAIDs when the efficacy of

hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL

is less than NSAIDs. This scenario is however very

unlikely as clinical trials have shown hylan G-F 20

to have a more positive effect on patients’ health

states (Bellamy et al, 2006).45

3. Comparison with NSAIDs where the utility

assigned to treatment failure, at the upper value in

the potential range increases the ICER to €22,000

for hylan G-F 20 1×6 mL and €25,000 for hylan

G-F 20 3×2 mL. This scenario is, however, an

unrealistic scenario (not plausible) as it suggests

that the treatments analyzed actually worsen the

patients’ condition.

The one-way sensitivity analysis results for hylan G-F

20 1×2 mL remained robust (maintaining the ICER under

€7,000) for any parameters within plausible ranges. To

further explore the uncertainty of the effectiveness of

hylan G-F 20 for hip OA, a scenario analysis was run by

giving each intervention the same likely range of effec-

tiveness and running 1,000 iterations of the simulation

(Monte Carlo Simulation) while drawing from distribu-

tions reflecting the likely range of the other parameters.

Table 5 shows very similar results to the base case results

with hylan G-F 20 1×2 mL dominating the other

interventions.

Probabilistic sensitivity analysis
Probabilistic sensitivity analysis was conducted to address

any uncertainty in the analyses for both comparisons. The

results are presented as cost-effectiveness planes and a

cost-effectiveness acceptability curves (CEAC). To

demonstrate the spread of potential values, the incremental

costs and QALYs from the 10,000 iterations are plotted in

Figures 1A, 2A and 3A for the comparison with acetami-

nophen and Figures 1B, 2B and 3B for the comparison

with NSAIDs, for hylan G-F 20 1×6 mL, hylan G-F 20

3×2 mL and hylan G-F 20 1×2 mL, respectively. For both

comparisons of hylan G-F 20 1×6 mLand hylan G-F 20

Table 4 Base case ICERs – hylan G-F 20 1×2 mL

Intervention Cost (€) Effect (QALYs) Incremental cost (€) Incremental effect (QALYs) ICER (€/QALY)

Acetaminophen €8,175,299.11 2,653.94 – – –

Hylan G-F 20 €8,363,448.67 2,922.23 €170,132.56 181.55 €937.10

NSAIDs €8,597,878.23 2,855.93 – – –

Hylan G-F 20 €8,363,448.67 2,922.23 –€252,446.57 66.29 Dominated
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3×2 mL, the majority of these points are in the top-right

quarter, indicating in both cases that hylan G-F 20 1×6

mLand hylan G-F 20 3×2 mL are more effective and more

expensive. This mirrors the results of the base case

scenario.

For acetaminophen comparison of hylan G-F 20 1×2

mL, the majority of these points appears to be to the right

of the y-axis and evenly split by the x-axis, suggesting that

hylan G-F 20 1×2 mL is more effective and about the

same cost. For the NSAIDs comparison, the majority of

the points are in the lower right-hand quadrant, suggesting

that hylan G-F 20 is more effective and cheaper.

The CEAC shows the probability that hylan G-F 20

1×6 mL, hylan G-F 20 3×2 mL and hylan G-F 20 1×2 mL

are cost-effective when compared to either acetaminophen

or NSAIDs for a range of values for the societal will-

ingness-to-pay for a QALY. The CEAC is generated by

running 10,000 iterations of the simulation (Monte Carlo

simulation) while drawing from distributions reflecting the

likely range of parameters and calculating the proportion

of these iterations wherein the ICER is below a certain

threshold (Drummond et al, 2015).39

The hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL

CEACs for both comparisons are shown in Figures 1C

Table 5 Scenario analysis results

Intervention Mean incremental cost (€) Mean incremental effect (QALY) Mean ICER (€/QALY)

Acetaminophen – – –

Hylan G-F 20 –€35,899.32 43.28 Dominated

NSAIDs –– – –

Hylan G-F 20 –€231,207.04 45.32 Dominated
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Figure 1 (A) CEA plane for hylan G-F 20 1×6 mL vs acetaminophen. (B) CEA plane for hylan G-F 20 1×6 mL vs NSAIDs. (C) CEACs hylan G-F 20 1×6 mL vs

acetaminophen. (D) CEACs hylan G-F 20 1×6 mL vs NSAIDs.

Abbreviations: CEA, cost-effectiveness analysis; CEAC, cost-effectiveness acceptability curves.
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and 2C for acetaminophen and Figures 1D, and 2D for

NSAIDs. These show that while there are some differences

in two curves, both are likely to be cost-effective even at

thresholds well below €25,000 for hylan G-F 20 1×6 mL

and hylan G-F 20 3×2 mL. For example, the probability

that hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL are

the most cost-effective treatment is over 50% at a thresh-

old of €4,000 and €5,000 when compared to acetamino-

phen, and €7,000 and €12,000 compared with NSAIDs,

respectively. When a threshold of €25,000 was considered,

there is a probability of 74.9% and 75.8%, respectively, for

hylan G-F 20 1×6 mL and hylan G-F 20 3×2 mL, of being

cost-effective compared to acetaminophen and of 56.2%

and 53.8% when compared to NSAIDs.

The hylan G-F 20 1×2 mL CEACs for both compar-

isons are shown in Figure 3C for acetaminophen and

Figure 3D for NSAIDs. Figure 3C shows that hylan G-F

20 1×2 mL has an approximate 80% probability of being

cost-effective at any threshold above €2,000 when com-

pared with acetaminophen. The CEAC comparing hylan

G-F 20 with NSAIDs demonstrates that hylan G-F 20 does

have a probability of approximately 60% of being cost-

effective up to a threshold of €50,000.

Results – BIA
Considering the model structure, literature review to mea-

sure transition probabilities from each state starting from

state 2 and expert opinion, the budget increase per patient

per year within a 5-year time horizon is €99.99 and

€122.49 for hylan G-F 20 1×6 mL and hylan G-F 20

3×2 mL, respectively. The higher result for hylan G-F 20

3×2 mL is due to the higher administering cost for three

injections versus hylan G-F 20 1×6 mL (one injection).

However, the results show that using hylan G-F

20 1×6 mL and hylan G-F 20 3×2 mL for treatment of

knee OA lead to a very marginal impact on health-care

expenditures for the Italian National Health Service

(Table 6 and Table 7).

For OA hip treatment with hylan G-F 20 1×2 mL, the

budget impact showed an additional net cost during 5 years,
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Figure 2 (A) CEA plane for hylan G-F 20 3×2 mL vs acetaminophen. (B) CEA plane for hylan G-F 20 3×2 mL vs NSAIDs. (C) CEACs hylan G-F 20 3×2 mL vs

acetaminophen. (D) CEACs hylan G-F 20 3×2 mL vs NSAIDs.

Abbreviations: CEA, cost-effectiveness analysis; CEAC, cost-effectiveness acceptability curves.
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Figure 3 (A) CEA plane for hylan G-F 20 1×2 mL vs acetaminophen. (B) CEA plane for hylan G-F 20 1×2 mL vs NSAIDs. (C) CEACs hylan G-F 20 1×2 mL vs

acetaminophen. (D) CEACs hylan G-F 20 1×2 mL vs NSAIDs.

Abbreviations: CEA, cost-effectiveness analysis; CEAC, cost-effectiveness acceptability curves.

Table 6 Budget impact for hylan G-F 1×6 mL (knee)

Year 1 Year 2 Year 3 Year 4 Year 5

Scenario without hylan G-F 20 1×6 mL 1,310,322.64€ 2,058,694.35€ 1,966,160.68 € 1,860,904.60 € 1,775,441.13 €

Scenario with hylan G-F 20 1×6 mL 1,948,587.76€ 1,958,443,53€ 1,968,299.42 € 2,691,095.87 € 1,904,879.76 €

Net budget impact 638,265.13€ −100,250.82€ 2,138.74€ 830,191.26€ 129,438.63€

Grand total 1,499,782.94€

Cost per patient per year 99.99€

Table 7 Budget impact for hylan G-F 20 3×2 mL (knee)

Year 1 Year 2 Year 3 Year 4 Year 5

Scenario without hylan G-F 20 3×2 mL 1,310,322.64€ 2,058,694.35€ 1,966,160.68€ 1,860,904.60€ 1,775,441.13€

Scenario with hylan G-F 20 3×2 mL 2,016,927.76€ 2,026,783.53€ 2,036,639.42€ 2,757,385.67€ 1,971,169.56€

Net budget impact 706,605.13€ −31,910.82€ 70,478.74€ 896,481.06€ 195,728.43€

Grand total 1,837,382.54€

Cost per patient per year 122.49€
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approximately €151.06 per patient per year, compared to the

scenario without hylan G-F 20 1×2 mL (Table 8).

Discussion
ConsideringMarkovmodel simulations and ICERper QALY

results, we found that both hylan G-F 20 1×6 mL and hylan

G-F 20 3×2 mL compared to the best supportive care were

very likely to be cost-effective when compared to acetami-

nophen (ICER = €3,160.61 and €3,845.81 per QALY, respec-

tively) and NSAIDs (ICER = €7,440.07 and €10,229.83 per

QALY, respectively) as both ICERs are below €25,000.

The hip OA treatment by hylan G-F 20 1×2 mL was

dominant compared to NSAIDs and very likely compared

to acetaminophen (ICER = €937.10 per QALY). The one-

way analysis demonstrated that results remained robust for

any parameters within plausible ranges, keeping the ICER

under €17,000, €17,000 and €7,000 for hylan G-F 20 1×6

mL, hylan G-F 20 3×2 mL and hylan G-F 20 1×2 mL,

respectively. The CEACs for knee showed a probability of

74.9% and 75.8% of being cost-effective compared to

acetaminophen and of 56.2% and 53.8% when compared

to NSAIDs, respectively, for hylan G-F 20 1×6 mL and

hylan G-F 20 3×2 mL, considering a threshold of €25,000.

The CEACs for hip showed that hylan G-F 20 1×2

mLhas an approximately an 80% probability of being cost-

effective compared with acetaminophen at any threshold

above €2,000, and nearly 60% of the probability if com-

pared with NSAIDs up to a threshold of €50,000.

In addition to the cost-effectiveness of hylan G-F 20 1×6

mL and hylan G-F 20 3×2 mL, the BIA for knee OA showed

a small increase in expenditure during a 5-year timeframe,

resulting in an increased budget impact per patient per year of

€99.99 for hylan G-F 20 1×6 mL and €122.49 for hylan G-F

20 3×2 mL. An additional net cost during 5 years approxi-

mately €151.06 per patient per year was shown in the BIA for

hip OA treatment with hylan G-F 20 1×2 mL.

One of the strengths of the cost-effectiveness model is

that it includes the most relevant grades of OA (Kellgren

& Lawrence grades 1–4) and is stratified by age.

One of the main limitations of the study is that some

variables were taken from the literature based on non-

Italian populations where disease management and pro-

gression can be different. This could change the results

of budget impact and cost-effectiveness models.

Conclusion
Knee and hip OA is one of the leading cause of chronic

pain, disability and reduced quality of life. Furthermore,

the clinical and economic burden of knee and hip OA is

significant, and is increasing due to demographic changes,

longer life expectancy, higher levels of obesity, and

reduced levels of physical fitness.

In the analysis, VS with hylan G-F 20 1×6 mL/hylan

G-F 20 showed a decrease in medication consumption and

drug-related AEs, and a delay of prosthesization, leading

to a reduction of the economic burden due to OA on the

Italian National Health Service. Thus, it is important to

consider that current OA treatment showed several side

effects, such as cardiovascular and gastrointestinal events

caused by anti-inflammatory drugs and pulmonary embo-

lism due to prosthesization. Moreover, total prosthesiza-

tion probably involves higher costs due to hospital and

home physiotherapy.

Hylan G-F 20 can also be used in the treatment of OA

patients not eligible for prosthetic treatment (mainly elderly

patients) and in patients where the intake of anti-inflamma-

tory drugs presents an unfavorable benefit-risk ratio.

Delaying prosthesis means that some patients will no

longer be eligible for prosthetic treatment because they are

likely to develop comorbidities. VS is an important treat-

ment option for these patients to maintain a good quality

of life and reducing the intake of painkillers.

The important issue, in addition to the necessity of

identifying the characteristics of the eligible patient, is to

understand the potential of hylan G-F 20 from a broader

social perspective because OA is a widespread and has a

considerable societal impact. Real Word Evidence studies,

utilizing regional or hospital databases, are currently

Table 8 Budget impact for hylan G-F 20 1×2 mL (hip)

Year 1 Year 2 Year 3 Year 4 Year 5

Scenario without hylan G-F 20 1×2 mL 1,310,322.64€ 2,125,722.23€ 2,045,063.45€ 1,973,318.11€ 1,908,919.32€

Scenario with hylan G-F 20 1×2 mL 1,978,037.76€ 2,001,638.21€ 2,025,238.91€ 2,869,585.64€ 2,754,696.02€

Net budget impact 667,715.13€ −124,084.03€ −19,824.55€ 896,267.53€ 845,776.70€

Grand total 2,265,850.78€

Cost per patient per year 151.06€
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lacking but could provide more precise costs estimates for

both prosthetics (costs of physiotherapy in hospital/dom-

iciliary regimen and drug consumption) and hylan G-F 20/

hylan G-F 20 1×6 mL (in particular, the reduction of

physiotherapy and medications related to hylan G-F 20

intake).
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Table S1 Drugs and cost used in cost-effectiveness and budget impact

NSAID Cost Mean

Diclofenac doc generic €4.82 €6.03

VOLTAREN €7.24

MOMENT €10.20 €8.45

Ibuprofene Sandoz €6.70

Naprossene EG €5.12 €6.83

Naprosyn €8.54

Nimesulide doc generic €2.60 €3.52

AULIN €4.43

Mean €6.21

Acethaminophn Cost Mean

Paracetamolo Sandoz €3.90 €4.40

Tachipirina €4.90

Table S2 COX2 and proton pump inhibitor (PPI) costs used in budget impact

Mean

COX2

Celecoxib Sandoz €15.48

Celebrex (celecoxib originator)

Etoricoxib Mylan

Etoricoxib (Arcoxia originator)

Meloxicam MOBIC 7,5

Meloxicam mylan generics

PPI

Lansoprazolo hexal (Sandoz) €6.63

Lansox (originator)

Omeprazolo Doc generic

Mepral

Esameprazolo doc generic

Nexium control

Pantaprazolo doc

Pantecta
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