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Abstract

Objectives

The aim of the study was to demonstrate the non-inferiority of a single intra-articular injection

of 2.0% non-chemically modified sodium hyaluronate (SH) vs 0.8% hylan G-F 20 (control) in

symptomatic knee osteoarthritis.

Design

This was a double-blind, randomized, controlled trial conducted in patients with painful tibio-

femoral osteoarthritis (American College of Rheumatology criteria) with insufficient

response or intolerance to first-line analgesics and regular non-steroidal anti-inflammatory

drugs. Subjects received a single intra-articular injection of either SH or hylan G-F 20. The

primary outcome was the 6-month change from baseline in the Western Ontario and

McMaster Universities Osteoarthritis Index pain subscale (WOMAC A), with a pre-specified

lower margin for non-inferiority of 8 mm.

Results

Of the 292 patients randomized (SH: 144), 288 received an injection (SH: 142), 266 com-

pleted the study (SH: 134). In the Per Protocol dataset (SH: 113, control: 112), the WOMAC

A change at 6 months was -34.3 mm (95% confidence interval (CI): -37.8, -30.8) and -36.2

mm (95% CI: -40.3, -32.1) for the SH and hylan G-F 20 patients, respectively (P = 0.5). The

intergroup difference was -1.9 mm (95% CI: -7.3, 3.5). Results were similar in the Full Analy-

sis Set (SH: 139, control: 141) with a difference between the groups of -2.9 mm (95% CI:

-7.9, 2.2).
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A total of 31.3% of the injected patients reported a treatment-emergent adverse event,

including injection site reactions (pain, inflammation or effusion) which occurred in 8.5% of

the SH patients vs 13.0% of the hylan G-F 20 patients. No serious reactions were reported.

Conclusions

This clinical trial demonstrated the non-inferiority of a single intra-articular injection of SH vs

hylan G-F 20 on the WOMAC A change from baseline at 6 months.

Introduction

Osteoarthritis (OA) is a degenerative disease mainly affecting the knee joints [1–3]. It highly

restricts the ability of patients to perform their activities of daily living [3,4] and could be

responsible for an excess mortality (standardized mortality ratio 1.55), walking disability being

the main risk factor associated with this increased risk of death [5]. Although OA is considered

as a major public health problem and its optimal management is critical for reducing the bur-

den of illness in developed countries [6,7], there is still no well-established disease- nor struc-

ture-modifying therapy for this condition. Therefore, current treatment strategies for knee OA

aim at relieving symptoms and are based on a combination of non-pharmacologic and phar-

macologic treatments, as recommended by various scientific societies [8–11].

Intra-articular hyaluronic acid (HA) injections have been introduced in the therapeutic

armamentarium for managing OA since the 80’s and are widely used in clinical practice, espe-

cially in the treatment of knee OA [12,13]. Despite some discrepancies, recent meta-analyses

and systematic reviews advocate a moderate but true effect of intra-articular HA in relieving

pain and improving joint function in knee OA, which lasts for up to six months post injection,

i.e., much longer than intra-articular corticosteroid injections [14–27]. Intra-articular HA

even seems to offer the best benefit-risk balance among pharmacologic treatments of knee OA

[13,20,26,28] and is therefore recommended by the European Society for Clinical and Eco-

nomic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases (ESCEO) as sec-

ond-line treatment in patients with persistent symptomatic OA [13]. The American College of

Rheumatology (ACR) also considers it as an alternative to unsatisfactory initial pharmacologic

therapy, emphasizing its interest for patients older than 75 years who are not recommended to

take oral non-steroidal anti-inflammatory drugs (NSAIDs) [9]. Finally, the Osteoarthritis

Research Society International (OARSI) recommends intra-articular HA injections only after

determining whether it can have merit in the context of the individual patient characteristics,

comorbidities and preferences, based on an uncertain appropriateness [10].

HA is an ubiquitarious glycosaminoglycan, especially present in human synovial fluid,

synovial membrane and cartilage. In OA, the rheological properties of the synovial fluid are

reduced due to a decreased HA concentration and an increased amount of low molecular

weight (MW) HA compared with healthy joints [29]. HA is injected into the affected joint to

improve the viscoelasticity of OA synovial fluid and therefore to restore its lubricating and

shock-absorbing properties. As the residence time of exogenous HA in the joint is not superior

to 7 days, the prolonged effects lasting several months post injection suggest that other mecha-

nisms of action must be at work [30]. Intra-articular HA has been found to promote proteogly-

can and glycosaminoglycan synthesis within the cartilage (including endogenous HA), to

decrease cartilage catabolic activities, to reduce chondrocyte apoptosis while increasing their
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proliferation, to suppress pro-inflammatory mediators, and to inhibit the action of pain medi-

ators [31].

Currently marketed intra-articular HA preparations indicated for the treatment of OA may

have differences in product characteristics such as in the posology, the injected volume, or the

HA origin, structure (i.e., crosslinking degree), concentration, and MW. There is still no con-

sensus on the clinical impact of each of these parameters at present. Most intra-articular HA

preparations available today are based on a multiple injection dosing regimen. Over the last

few years, the so called “one-shot” HAs have been developed, which are increasingly used

worldwide. Most of the one-shot preparations contain crosslinked HAs, which are known to

have an increased residence time within the joint in comparison with non-chemically modi-

fied HAs. In this randomized, controlled trial, we aimed at demonstrating the non-inferiority

of a single intra-articular injection of 2.0% non-chemically modified intermediate MW sodium

hyaluronate (SH) containing 0.5% of mannitol compared with a single intra-articular injection

of 0.8% hylan G-F 20 in patients with symptomatic tibiofemoral OA at six months after treat-

ment. One-shot hylan G-F 20 was chosen as comparator, since it has demonstrated a clinical

superiority over intra-articular placebo in patients with knee OA [32].

Patients and methods

Ethics and registration

The trial was conducted in accordance with Good Clinical Practices, complied with the princi-

ples of the 2008 revised Declaration of Helsinki, and is reported according to the CONSORT

guidelines (S1 Checklist). Ethical approval was obtained on 9 June 2011 from the Institutional

Review Board of Robert Ballanger Hospital (Aulnay-sous-Bois, France). Patients were

recruited from 21 June 2011 to 30 April 2012, with the last patient completing the study on 22

November 2012. The study was registered with the French Competent Authority (ID-RCB

2011-A00258-33) before it started, and in ClinicalTrials.gov (NCT03203408) after participant

enrolment. The reason for this delay is due to an oversight on the part of the study sponsor,

who rectified it afterward. We confirm that all ongoing and related trials evaluating a single

intra-articular injection of 2.0% non-chemically modified SH (Ostenil1 Plus) are registered.

No major change to the protocol (S1 and S2 Protocols) were implemented after the study

start. Some corrections had to be made to the frozen database on one occasion after unblinding

the study (S1 Appendix). The procedure was duly recorded and approved by the Scientific

Board of the study.

Trial design

This was a multicenter, double-blind, randomized, active-controlled, non-inferiority trial with

a two-arm parallel design. Patients eligible at screening entered a washout period for analgesics

and NSAIDs lasting 2 to 5 days, depending on the drug. They were consecutively randomized

at baseline (D0) to receive either a single intra-articular injection of SH (test product) or a sin-

gle intra-articular injection of hylan G-F 20 (control) within 2 days after randomization.

Patients were then examined for efficacy and safety at 30, 90 and 180 days (D30, D90, D180).

Patients who prematurely discontinued were not replaced.

Patients

Participants were recruited in private medical practices in France. Eligible patients were men

and women (aged 40 to 85 years) diagnosed with primary knee OA according to the ACR cri-

teria [33] and a modified Kellgren-Lawrence grade Ib-III (X-ray taken in the past 12 months),
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i.e., radiographically defined joint space narrowing between 25% and 75% and definite osteo-

phyte [34]. Only patients with insufficient response or intolerance to first-line analgesics and

regular NSAIDs were included. In addition, they should have knee pain on�15 days in the

previous month and a pain level�40 mm on a 100 mm normalized Western Ontario and

McMaster Universities Osteoarthritis Index pain subscale (WOMAC A) [35]. In case of bilat-

eral knee OA, patients should also present a difference of�20 mm on WOMAC A between

the studied and contralateral knees. Participants should have a health insurance and be able to

understand the study instructions. Their written informed consent was collected prior to enter

the study.

Subjects were excluded if their knee OA resulted from a trauma or was predominantly of

patellofemoral origin. Further exclusion criteria comprised excessive varus/valgus knee defor-

mity (�15 degrees on a standard X-ray), inflammatory/metabolic rheumatic diseases, obesity

(body mass index�30 kg/m2), history of injury to the studied knee in the past six months,

lower limb pain other than knee OA, and severe disease likely to interfere with trial assess-

ments. Patients with the following treatments were also excluded: intra-articular HA injection

in the studied knee within the previous six months, intra-articular corticosteroid injection in

the studied knee within the previous two months, symptomatic slow-acting drug in OA

(SYSADOA) initiated or modified within the previous three months, any surgical intervention

(including arthroscopy) within the past year, any surgery scheduled during the study. Finally

several exclusion criteria were established to comply with the contra-indications and warnings

associated with the study products: important joint effusion (requiring knee puncture), wound

or skin disease on/around the studied knee, anticoagulant therapy with heparin or warfarin,

known hypersensitivity to HA, avian proteins, mannitol or acetaminophen, pregnancy, breast-

feeding.

Treatment and blinding

The test product was Ostenil1 Plus (TRB Chemedica AG, Haar/Munich, Germany), a prepa-

ration containing 2.0% of a non-chemically modified intermediate MW (range 1 000–2 000

kDa) SH obtained by biofermentation and 0.5% mannitol. It is a 2.0 ml viscoelastic solution

presented in a 3 ml pre-filled syringe. The comparator was Synvisc-One1 (Genzyme Biosur-

gery, Ridgefield, NJ), a preparation containing 0.8% of hylan G-F 20, an avian derived divinyl-

sulfone crosslinked HA gel (80% hylan A + 20% hylan B) with a mean MW of 6 000 kDa. It is

provided as a 6 ml viscoelastic fluid in a 10 ml pre-filled syringe. Both investigational products

were packed in identical neutral packaging and labeled according to Good Manufacturing

Practices for the manufacture of investigational medicinal products and in compliance with

national regulations. Since the SH and hylan G-F 20 preparations differ in appearance (visco-

elasticity, volume and syringe) and were identifiable by the injecting investigator, double-blind

conditions were ensured by the intervention of an observer blinded to treatment (evaluating

investigator), who had to perform clinical assessments at screening, baseline and post injection

follow-up visits. Patient blinding was ensured by avoiding visual access to the injection field.

Injections were performed according to the usual rules of asepsis, using a lateral patellofemoral

approach, as commonly recommended [12].

Treatments that could interfere with the assessment of knee OA symptoms, including joint

lavage and intra-articular injections of corticosteroids or other HA, were prohibited during

the entire study. A knee effusion removal was tolerated only in case of severe joint effusion.

The use of oral corticosteroids and topical or oral NSAIDs was restricted to short periods of

time (3–5 days/month), provided that the patient fulfill the washout period before each assess-

ment visit; anti-aggregant low dose Aspirin1 was permitted (<325 mg/day) during the trial.
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Rescue analgesic was acetaminophen up to 4 g/day with a 12-hour washout period before each

follow-up visit.

Randomization and treatment allocation

Patients were randomly assigned to one of the two treatment groups on a 1:1 ratio. A randomi-

zation list in blocks of four treatments, without stratification, generated by a computer algo-

rithm, was produced by an independent company having no contact with the investigators or

personnel involved in the conduct of the study. After verification of the inclusion and exclu-

sion criteria, the evaluating investigator allocated a randomization number according to the

chronological order of enrolment of each patient at his/her site. The patient was then sent to

the injecting investigator who administered the investigational product corresponding to the

randomization number. To maintain the balance between the two groups each evaluating

investigator undertook to recruit a multiple of four patients.

Outcome measures

The primary criterion was the change in WOMAC A between baseline and D180, using the

visual analog scale (VAS) (version VA3.1) [35]. Changes were compared between groups at

endpoint. Stiffness (WOMAC B) and function (WOMAC C) subscales of the WOMAC were

assessed as secondary criteria. Results of each domain were normalized on a 0–100 mm scale.

Other secondary efficacy parameters included the Lequesne index [36], patient global assess-

ment of disease activity (PtGA) on a 100 mm VAS, global treatment efficacy evaluated by both

the patient and the investigator (5-point Likert scale), and acetaminophen consumption. All

these parameters were assessed at each study visit. In addition, the responder rate according to

the Outcome Measures in Rheumatoid Arthritis Clinical Trials (OMERACT) group and the

OARSI criteria was calculated at D180 [37].

All adverse events (AEs) and serious adverse events (SAEs) were collected from screening

throughout the study. Local reactions such as site injection joint pain, joint effusion and acute

pseudo-septic or septic arthritis were recorded at the first follow-up visit (D30).

Statistics

The sample size was calculated on the primary outcome, based on an acceptable margin for

non-inferiority between the treatment groups predefined at 8 mm (Δ) on a 100 mm VAS, i.e.,

less than the minimum perceptible clinical improvement of 10 mm usually considered for the

WOMAC A [38], and as previously chosen in two similar non-inferiority trials [39,40].

Assuming a standard deviation (SD) of 24 mm for both groups and a type I error risk of 5%

(one-sided), it was estimated that 111 assessable patients per group would be necessary to

achieve an 80% power. Anticipating 15% of major protocol violations in addition to a 15% dis-

continuation rate at six months, it was decided to enroll a total of at least 290 patients.

Three efficacy datasets were defined in the Statistical Analysis Plan. The Intention-to-Treat

(ITT) population comprising all patients included and randomized in the study was used for

the analysis of demographic and baseline characteristics. The Full Analysis Set (FAS) was a

subgroup of the ITT consisting of patients who received the investigational product and for

whom at least one post injection evaluation of the primary efficacy criterion was available.

Finally, the Per Protocol (PP) population was a subgroup of patients with no major protocol

deviation selected from the FAS in a blinded fashion prior to breaking the randomization

codes.

The primary statistical analysis was performed on the PP dataset. To ensure the robustness

of the results a secondary analysis was also performed on the observed data of the FAS.
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Furthermore, to evaluate the potential risk of bias due to missing data, a multiple imputation

approach was used to replace missing WOMAC A values at D180, allowing the primary effi-

cacy outcome to be calculated for all patients of the FAS and compared with the one obtained

from the analysis on observed data. Firstly, a comparative analysis of discontinued/lost to fol-

low-up patients vs completers was performed to identify any covariates for which major differ-

ences had been highlighted. Secondly, assuming that missing data were of the missing at

random type, multiple imputation based on the available data at D0, D30 and D90 was per-

formed, with a regression model where the treatment and covariates identified earlier were

included. Twenty imputations per case were performed [41]. Finally, sensitivity analyses were

carried out to verify the influence of parameters for which the intergroup difference was statis-

tically significant at baseline, using analysis of covariance and multiple regression and/or

adjustment depending on the parameters.

Baseline characteristics were analyzed using descriptive statistics, i.e., mean, SD, median,

minimum, maximum, or depending on the type of variable by the number of patients and per-

centage per category. For inferential comparisons between the two treatment arms, Chi-square

test or Fisher’s exact test, and Student’s t-test or Wilcoxon-Mann-Whitney test were used,

depending on the type and distribution of data. Paired t-test or signed rank test were used for

comparisons within the treatment arms over time. For all the tests performed the approach

was bilateral and the alpha risk was fixed at 5%.

Stata (College Station, TX) was used to model missing data by multiple imputation. Other

statistical analyses were performed using SAS V9.2 (Cary, NC).

Results

Patient disposition

Fig 1 presents the CONSORT flow diagram of the trial.

Fifty centers (couples of injecting and blinded evaluating investigators) preselected 400 sub-

jects, among whom 108 (27.0%) were not eligible at screening. Two hundred ninety two

patients were included in the study: 144 allocated to the SH group (49.3%) and 148 to the con-

trol group (50.7%). Out of the 292 randomly assigned patients (ITT dataset), 288 received a

single injection of SH (n = 142, 48.6%) or hylan G-F 20 (n = 146, 50.0%) and 4 (1.4%) did not.

The overall dropout rate was 7.5%. Eighteen patients who received the investigational product

prematurely discontinued the study (SH: 6, control: 12), and 2 in each group were lost to fol-

low-up (S1 Table). A total of 266 patients (91.1%) completed the trial at 6 months (SH: 134,

control: 132).

The FAS (SH: 139, control: 141) comprised all randomized patients but 12 who had no

baseline or post injection value for the WOMAC A (8 patients) or who did not receive the

study injection (4 patients). Sixty-seven patients with a major protocol violation were excluded

from the PP dataset (see details in Fig 1 and S2 Table). As a result, 225 patients completed the

study without any major deviation, i.e., 113 in the SH group and 112 in the control group.

Demographic and other baseline characteristics

Baseline characteristics of the ITT dataset are summarized in Table 1. Most patients were

women (66.4%), moderately overweight (body mass index 26.4 ± 2.9 kg/m2) with a mean age

of 66.9 ± 10.2 years (39–86 years old). About 56.5% of patients had a knee OA severity grade II

according to the modified Kellgren-Lawrence radiographic scoring. Knee OA was unilateral in

half of the patients; most of them had a unicompartmental tibiofemoral OA (67.5%) without

associated patellofemoral pain syndrome (75.0%). Symptoms were moderate to severe, with

mean pain (58.3 ± 11.7 mm), stiffness (48.3 ± 20.3 mm) and function (47.7 ± 15.8 mm)
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WOMAC subscores of the studied knee and a Lequesne index score of 12.0 ± 6.7 points. Both

groups had very similar baseline demographic, disease and symptoms characteristics; the only

significant difference observed was the male/female ratio (P = 0.04) (SH: 72.2% women; con-

trol: 60.8% women).

All baseline characteristics were similar in the FAS (S3 Table) and PP datasets (S4 Table).

Individual data are presented in S5 Table.

Primary efficacy outcome

In the PP dataset, both treatment groups showed a marked improvement in pain at D30 com-

pared with baseline (P<0.001), which was maintained for the entire study duration (Fig 2A).

At D180, the mean WOMAC A had decreased by 34.3 mm (95% CI: -37.8, -30.8) in the SH

group and 36.2 mm (95% CI: -40.3, -32.1) in the control group compared with baseline

(Table 2), with no significant difference between both treatment groups (P = 0.5). Similar

results were obtained in the FAS (Fig 2B, S6 Table). Individual efficacy data for the WOMAC

A are displayed in S7 Table.

Fig 1. CONSORT flow diagram. FAS = Full Analysis Set; ITT = Intention-to-Treat; n = number of patients; PP = Per Protocol.

https://doi.org/10.1371/journal.pone.0226007.g001

Table 1. Patient demographics and baseline characteristics (Intention-to-Treat population).

Characteristic SH

n = 144

Control

n = 148

P

Female, n (%) 104 (72.2) 90 (60.8) 0.04†

Age (years), mean (SD) 67.1 (9.7) 66.6 (10.7) 0.7‡

Body mass index (kg/m2), mean (SD) 26.4 (3.0) 26.3 (2.9) 0.8‡

Bilateral knee osteoarthritis, n (%) 70 (48.6) 76 (51.4) 0.6†

Studied knee (right), n (%) 85 (59.0) 74 (50.0) 0.1†

Bicompartmental knee osteoarthritis, n (%) 41 (28.5) 51 (34.5) 0.5†

Associated patellofemoral pain syndrome, n (%) 32 (22.2) 41 (27.7) 0.3†

Time since knee osteoarthritis diagnosis, n (%) 0.8†

<1 year 10 (6.9) 11 (7.4)

�1 and <5 years 58 (40.3) 51 (34.5)

�5 and <10 years 39 (27.1) 44 (29.7)

�10 years 37 (25.7) 42 (28.4)

Modified Kellgren-Lawrence grade at studied knee 0.3†

Grade Ib 21 (14.6) 26 (17.6)

Grade II 78 (54.2) 87 (58.8)

Grade III 45 (31.3) 35 (23.6)

WOMAC A (mm), mean (SD) 58.4 (11.5) 58.3 (12.0) 0.9‡

WOMAC B (mm), mean (SD) 48.0 (20.7) 48.5 (20.0) 0.8‡

WOMAC C (mm), mean (SD) 47.1 (16.0) 48.4 (15.6) 0.5‡

Lequesne index, mean (SD) 11.7 (3.5) 11.6 (3.5) 0.8‡

PtGA (mm), mean (SD) 59.6 (16.2) 59.9 (17.9) 0.9‡

† Chi-square test

‡ Student’s t-test.

Control = hylan G-F 20; PtGA = patient global assessment of disease activity; SD = standard deviation; SH = sodium

hyaluronate; WOMAC A, B, C = Western Ontario and McMaster Universities Osteoarthritis Index pain, stiffness,

function subscales.

https://doi.org/10.1371/journal.pone.0226007.t001
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Fig 2. Evolution of the WOMAC pain subscale during the 6-month trial. The two graphs represent data of the Per Protocol dataset (a) and Full Analysis Set

(b). They are presented as means of observed cases ± standard deviation. Sodium hyaluronate group: saltire with dashed line; control group: hollow circle with

dotted line; n = number of patients; WOMAC A = Western Ontario and McMaster Universities Osteoarthritis Index pain subscale.

https://doi.org/10.1371/journal.pone.0226007.g002

Table 2. Primary and secondary efficacy criteria at 6 months post injection (Per Protocol dataset).

Outcome SH

n = 113

Control

n = 112

Difference P

WOMAC A change from baseline (mm)

Mean (SE) -34.3 (1.8) -36.2 (2.1) -1.9 (2.7) 0.5†

95% CI (-37.8, -30.8) (-40.3, -32.1) (-7.3, 3.5)

WOMAC B change from baseline (mm)

Mean (SE) -22.5 (2.3) -26.9 (2.1) -4.4 (3.1) 0.2†

95% CI (-27.0, -18.0) (-31.1, -22.8) (-10.5, 1.7)

WOMAC C change from baseline (mm)

Mean (SE) -21.3 (1.6) -25.7 (1.9) -4.4 (2.5) 0.08†

95% CI (-24.4, -18.1) (-29.5, -21.8) (-9.4, 0.5)

Lequesne index change from baseline

Mean (SE) -4.3 (0.3) -4.7 (0.4) -0.4 (0.5) 0.4†

95% CI (-4.9, -3.6) (-5.4, -4.0) (-1.4, 0.6)

PtGA change from baseline (mm)

Mean (SE) -25.4 (2.2) -27.0 (2.0) -1.5 (2.9) 0.6†

95% CI (-29.7, -21.1) (-30.9, -23.0) (-7.3, 4.3)

Global treatment efficacy (good/very good), n (%)

By the patient 75 (66.4) 75 (67.0) >0.9‡

By the investigator 78 (69.0) 77 (68.8) >0.9‡

Acetaminophen use post injection (yes), n (%) 82 (72.6) 74 (66.1) 0.3‡

OMERACT-OARSI responders, n (%) 93 (83.0) 96 (85.7) 0.6§

† Student’s t-test

‡ Fisher’s exact test

§ Chi-square test.

CI = confidence interval; OMERACT-OARSI = Outcome Measures in Rheumatoid Arthritis Clinical Trials—Osteoarthritis Research Society International;

PtGA = patient global assessment of disease activity; SE = standard error; SH = sodium hyaluronate; WOMAC A, B, C = Western Ontario and McMaster Universities

Osteoarthritis Index pain, stiffness, function subscales, respectively.

https://doi.org/10.1371/journal.pone.0226007.t002

One-shot sodium hyaluronate vs hylan G-F 20 in knee osteoarthritis

PLOS ONE | https://doi.org/10.1371/journal.pone.0226007 December 10, 2019 9 / 19

https://doi.org/10.1371/journal.pone.0226007.g002
https://doi.org/10.1371/journal.pone.0226007.t002
https://doi.org/10.1371/journal.pone.0226007


The intergroup difference for the primary efficacy endpoint was -1.9 mm (95% CI: -7.3, 3.5;

P = 0.5) in the PP dataset (Fig 3). The lower limit of the 95% CI was higher than the predefined

non-inferiority margin (-Δ) of -8 mm, demonstrating the non-inferiority of SH vs hylan G-F

20 on efficacy. In addition, the 95% CI of the intergroup difference lay within the equivalence

zone from -8 mm to +8 mm allowing to conclude to an equivalence between SH and hylan

G-F 20. Sensitivity analysis on the FAS showed similar results with an intergroup difference in

the WOMAC A change at -2.9 mm (95% CI: -7.9, 2.2) (P = 0.3). These outcomes were con-

firmed after multiple imputation of all missing data (8 in each group) using the treatment, sex

and age of the patient as covariates (estimated intergroup difference: -2.3 mm, 95% CI: -7.3,

2.7). Finally, as sex ratio was unbalanced between groups at baseline, an analysis conducted to

assess whether this difference could impact the primary efficacy outcome showed no difference

between men and women on WOMAC A changes and no significant interaction between sex

and intergroup difference of efficacy (P>0.9) (S2 Appendix).

Secondary efficacy outcomes

In the PP dataset, both groups showed a significant improvement in stiffness and function

after treatment (P<0.001), which was maintained up to the end of the study (Fig 4A and 4B,

Table 2). Similar figures could be observed for the Lequesne index and PtGA (Fig 4C and 4D,

Table 2). The Lequesne index score decreased by 4.3 (95% CI: -4.9, -3.6) in the SH group and

4.7 (95% CI: -5.4, -4.0) in the control group (P = 0.4) at D180 (Table 2). Global treatment effi-

cacy evaluated by the patient and the investigator were also similar in both groups, 66.4% of

patients in the SH group considering their treatment as good to very good vs 67.0% of patients

in the control group (P>0.9). Moreover, the OMERACT/OARSI responder rates at D180

were high: 83.0% in the SH group and 85.7% in the control group (P = 0.6). Similar propor-

tions of patients in both groups took rescue medication during the study (P = 0.4): 82 in the

SH group (72.6%) and 74 (66.1%) in the control group at a low daily mean dosage.

Secondary efficacy results in the FAS were consistent with those obtained in the PP dataset

(S6 Table, S1 Fig). Individual secondary efficacy data are displayed in S8, S9, S10, S11, S12 and

S13 Tables.

Safety outcomes

Only 288 patients received the allocated injection and were considered for safety outcomes

(Table 3). Overall, both intra-articular treatments were well tolerated. The proportions of

patients reporting a treatment-emergent AE were similar: 39 (27.5%) vs 51 (34.9%) in the SH

and control groups, respectively. Respectively 60 and 74 AEs were reported in the SH and con-

trol groups (P = 0.2), most of them being of mild or moderate intensity. Their distribution per

frequency and type was similar in both groups (S14 and S15 Tables). All patients recovered

from their AEs.

The most common AEs were injection site joint pain (n = 27) and pain in the studied knee

(n = 20), followed by injection site joint inflammation (n = 10), loin pain (n = 10), and OA

flare (n = 6). In total 8.5% of the patients presented a local reaction after injection in the SH

group vs 13.0% in the hylan G-F 20 group (P = 0.3). They resolved spontaneously in most of

the cases; only one fluid removal in a patient of the control group had to be performed. No

acute pseudo-septic or septic arthritis were reported.

Only 3 patients were affected by an SAE. One in the SH group fell in the street at 20 days

post injection with femoral fracture requiring surgery. In the control group, 1 patient had to

undergo total knee replacement of the studied knee at 197 days post injection, another was

hospitalized due to fever of viral origin at 22 days post injection. Due to the type of SAEs and
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their occurrence long after the injection, a direct relationship with the injected HAs was

excluded by the investigator.

Three patients dropped out for safety reasons, all in the hylan G-F 20 group: 1 patient had a

painful OA flare in his studied knee 29 days after injection, another had a joint effusion in the

contralateral knee at 54 days post injection, and the third patient left the trial due to a viral

fever (see the SAE described above).

Individual safety data are presented in S16 and S17 Tables.

Discussion

We report the results of the first face-to-face double-blind randomized controlled trial having

compared two single-injection HA preparations, SH and hylan G-F 20. This trial showed the

non-inferiority of a single intra-articular injection of an intermediate MW SH solution con-

taining mannitol compared with a single intra-articular injection of a crosslinked, high MW

hylan G-F 20 solution, which had been previously shown to be superior to intra-articular pla-

cebo [32] in symptomatic knee OA patients. The results of our study, with a sample well repre-

sentative of the common knee OA outpatient population, do not support those obtained by

Raman et al. (2008) [42] suggesting an earlier and more sustained pain reduction with hylan

G-F 20 than SH. On the contrary, all primary and secondary efficacy analyses demonstrated

that both study products were equivalent on pain relief. Secondary outcomes were also similar

in both groups. The rates of responders according to the OMERACT-OARSI response criteria

were high with both intra-articular HA products. The magnitude of effect on pain, functional

impairment and PtGA was clinically significant and in line with the estimated effect sizes

reported in the meta-analysis by Bannuru et al. (2015) [20] and the systematic review by Xing

et al. (2016) [43]. Our results are also consistent with those of published clinical trials, i.e., one

superiority trial evaluating Synvisc-One1 vs placebo [32] and four non-inferiority trials com-

paring three-injection products: Structovial1 vs Synvisc1 [44], Sinovial1 vs Synvisc1 [39],

Ostenil1 vs Synvisc1 [45], and GO-ON1 vs Hyalgan1 [40]. The primary results of these stud-

ies are summarized in Table 4.

Fig 3. Non-inferiority of sodium hyaluronate vs hylan G-F 20 in the Per Protocol dataset and Full Analysis Set.

Point estimates and 95% confidence interval of the intergroup difference in the primary efficacy endpoint (change

from baseline in WOMAC A at 6 months). FAS = Full Analysis Set; PP = Per Protocol dataset; WOMAC A = Western

Ontario and McMaster Universities Osteoarthritis Index pain subscale.

https://doi.org/10.1371/journal.pone.0226007.g003
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From a safety point of view, our clinical trial showed that a single intra-articular injection

of SH or hylan G-F 20 was well tolerated, treatment-related AEs being mostly mild to moder-

ate local post injection reactions and only few OA flares of the studied knee. No cases of acute

pseudo-septic or septic arthritis occurred.

The main limitation of our trial is the absence of a placebo arm that could have been useful

to discriminate between the effect resulting from the injection itself and that of the HA prepa-

ration. We decided to demonstrate the non-inferiority of SH vs hylan G-F 20 instead of superi-

ority vs intra-articular placebo, since the superiority of hylan G-F 20 compared with intra-

articular placebo had already been demonstrated in patients with knee OA [32] using the

WOMAC A as a primary efficacy criterion. Additionally, treating patients with a placebo in a

country where more than 13 various intra-articular HA preparations were available and reim-

bursed by the healthcare system would be complicated to perform and considered as unethical.

On another hand, it is recognized that the placebo used in randomized trials evaluating intra-

articular therapies in knee OA is not a “true” placebo, i.e., it has an effect size on pain that is

superior to oral placebo [46]. The intra-articular placebo effect had already been highlighted in

the 50’s, when Desmarais and colleagues showed that a single saline injection, or even a

Fig 4. Evolution of the secondary efficacy criteria during the 6-month trial (Per Protocol dataset). The four graphs represent WOMAC stiffness subscale

(a), WOMAC function subscale (b), Lequesne index (c) and patient global assessment of disease activity (d). Data are presented as means of observed

cases ± standard deviation. Sodium hyaluronate: saltire with dashed line; control group: hollow circle with dotted line; PtGA = patient global assessment of

disease activity; WOMAC B, C = Western Ontario and McMaster Universities Osteoarthritis Index stiffness, function subscales.

https://doi.org/10.1371/journal.pone.0226007.g004
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puncture with a needle (no injection), could provide pain relief in OA [47]. This has to be con-

sidered in addition to the known major placebo effect observed in OA trials [48]. The magni-

tude of the intra-articular placebo effect has been recently estimated at 0.29 in a recent

network meta-analysis of alternative placebo preparations in OA [46], leading to the reaffirma-

tion of "Needle Is Better Than Pill" [49]. To a lesser degree, this randomized controlled trial is

also limited by its six month predefined endpoint, which did not allow knowing the true dura-

tion of the symptomatic effect of SH. A one year follow-up would have provided information

on a potentially longer duration of the clinical benefit.

The prevalence of symptomatic knee OA has increased over the past decades and the bur-

den associated to the disease is expected to dramatically grow within the next years [50]. This

phenomenon is, in particular, reflected by the huge increase of total joint replacements per-

formed each year in most countries, which is expected to be multiplied by 600% and 300% by

2030 in the US or the Netherlands, respectively [51,52]. Considering its cost and potential

iatrogenicity, it is mandatory to limit total joint replacement surgery to refractory end-stage

knee OA and to favor the use and prescription of conservative treatment modalities. Beside

their proven and recognized effect on pain and functional limitations, there is an increasing

amount of evidence that intra-articular HA injections could delay the need for total knee

replacement, as recently reported by various authors [53–57]. As a result, intra-articular HA

injections should be considered as a valuable therapeutic option in the symptomatic manage-

ment of knee OA [28].

Conclusion

This well-designed study has demonstrated the non-inferiority of a single intra-articular injec-

tion of SH vs a single intra-articular injection of hylan G-F 20, which had been previously

Table 3. Safety outcomes in the patients who received an injection of the investigational product.

Outcome, n (%) SH

n = 142

Control

n = 146

P

Patients with at least one treatment-emergent AE 39 (27.5) 51 (34.9) 0.2†

Treatment-emergent AEs§ 60 (42.3) 74 (50.7) 0.2‡

Patients with at least one SAE 1 (0.7) 2 (1.4) >0.9†

SAEs§ 2 (1.4) 2 (1.4) 0.6‡

Dropouts due to an AE 0 (0.0) 3 (2.1) 0.2†

Patients with at least one injection site reaction 12 (8.5) 19 (13.0) 0.3†

Injection site reactions§ 17 (12.0) 25 (17.1) 0.2‡

Treatment-emergent AEs >2%§

Injection site joint pain§ 11 (7.7) 16 (11.0) 0.4‡

Arthralgia of the studied knee§ 11 (7.7) 9 (6.2) 0.6‡

Injection site joint inflammation§ 4 (2.8) 6 (4.1) 0.6‡

Loin pain§ 4 (2.8) 6 (4.1) 0.6‡

Osteoarthritis flare up of the studied knee§ 1 (0.7) 5 (3.4) 0.1‡

Bronchitis§ 3 (2.1) 3 (2.1) >0.9‡

Injection site joint effusion§ 2 (1.4) 3 (2.1) >0.9‡

Spinal osteoarthritis§ 1 (0.7) 3 (2.1) 0.3‡

† Fisher’s exact test

‡ Wilcoxon-Mann-Whitney test.

§ Percentages indicates incidences, i.e., number of occurrences per total of patients.

AE = adverse event; SAE = serious adverse event; SH = sodium hyaluronate.

https://doi.org/10.1371/journal.pone.0226007.t003
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shown to be superior to intra-articular placebo. The effect size observed on pain reduction and

functional improvement were clinically significant, and the percentage of responders to the

treatment according to the OMERACT-OARSI responder criteria was higher than 80% in

each treatment group. Given the potentially safer and higher tolerability of “one-shot” prepara-

tions, the use of a single SH injection should be encouraged as a second-line treatment in knee

OA patients.
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Chevalier et al. (2010) [32] Synvisc-One1 Placebo

WOMAC A (0–4 Likert)

Mean (SE) -0.84 (0.06) -0.69 (0.06)

95% CI (-0.96, -0.72) (-0.80, -0.58)
Maheu et al. (2011) [44] Structovial1 Synvisc1

Global pain (100 mm VAS)

Mean (SE) -38.8 (2.3) -37.1 (2.4)

95% CI (-43.3, -34.4) (-41.8, -32.5)
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95% CI (-25.7, -20.1) (-21.3, -15.5)

Italic: calculated data. NA = not available; SE = standard error; VAS; visual analog scale; WOMAC A = Western

Ontario and McMaster Universities Osteoarthritis Index pain subscale.
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S1 Fig. Evolution of the secondary efficacy criteria during the 6-month trial (Full Analysis

Set).

(TIF)

Acknowledgments

Study management and monitoring were provided by SPRIT, France. Data management and

statistical analysis were performed by Cemka Eval, France. The authors would also like to

thank all the patients, general practitioners and rheumatologists of private medical practices

who participated in this trial.

The authors want to express their thanks and deep gratitude to Mrs. S. Collaud Basset for

her help in providing the data, and for her advices and contribution in the writing and editing

of this manuscript.

Author Contributions

Conceptualization: Bernard Avouac, Thomas Bardin.

Formal analysis: Emmanuel Maheu.

Methodology: Bernard Avouac, Renée Liliane Dreiser.

Supervision: Thomas Bardin.

Writing – original draft: Emmanuel Maheu.

Writing – review & editing: Emmanuel Maheu, Bernard Avouac, Renée Liliane Dreiser,

Thomas Bardin.

References
1. Felson DT. An update on the pathogenesis and epidemiology of osteoarthritis. Radiol Clin North Am.

2004; 42(1):1–9, v. https://doi.org/10.1016/S0033-8389(03)00161-1 PMID: 15049520

2. Litwic A, Edwards MH, Dennison EM, Cooper C. Epidemiology and burden of osteoarthritis. Br Med

Bull. 2013; 105:185–99. https://doi.org/10.1093/bmb/lds038 PMID: 23337796.

3. Johnson VL, Hunter DJ. The epidemiology of osteoarthritis. Best Pract Res Clin Rheumatol. 2014; 28

(1):5–15. https://doi.org/10.1016/j.berh.2014.01.004 PMID: 24792942.

4. Bijlsma JW, Berenbaum F, Lafeber FP. Osteoarthritis: an update with relevance for clinical practice.

Lancet. 2011; 377(9783):2115–26. https://doi.org/10.1016/S0140-6736(11)60243-2 PMID: 21684382.

5. Nuesch E, Dieppe P, Reichenbach S, Williams S, Iff S, Juni P. All cause and disease specific mortality

in patients with knee or hip osteoarthritis: population based cohort study. BMJ. 2011; 342:d1165.

https://doi.org/10.1136/bmj.d1165 PMID: 21385807.

6. Wittenauer R, Smith L, Aden K. Update on 2004 Background Paper 6.12 Osteoarthritis written by

Tanna S. In: Kaplan W, Laing R, editors. Priority Medicines for Europe and the World "A Public Health

Approach to Innovation". Geneva, Switzerland: World Health Organization (WHO); 2013.

7. Murphy LB, Moss S, Do BT, Helmick CG, Schwartz TA, Barbour KE, et al. Annual incidence of knee

symptoms and four knee osteoarthritis outcomes in the johnston county osteoarthritis project. Arthritis

Care Res (Hoboken). 2016; 68(1):55–65. https://doi.org/10.1002/acr.22641 PMID: 26097226.

8. Jordan KM, Arden NK, Doherty M, Bannwarth B, Bijlsma JW, Dieppe P, et al. EULAR recommendations

2003: an evidence based approach to the management of knee osteoarthritis: Report of a task force of

the Standing Committee for International Clinical Studies Including Therapeutic Trials (ESCISIT). Ann

Rheum Dis. 2003; 62(12):1145–55. https://doi.org/10.1136/ard.2003.011742 PMID: 14644851.

9. Hochberg MC, Altman RD, Toupin April K, Benkhalti M, Guyatt G, McGowan J, et al. American College

of Rheumatology 2012 recommendations for the use of nonpharmacologic and pharmacologic thera-

pies in osteoarthritis of the hand, hip, and knee. Arthritis Care Res (Hoboken). 2012; 64(4):465–74.

https://doi.org/10.1002/acr.21596 PMID: 22563589.

One-shot sodium hyaluronate vs hylan G-F 20 in knee osteoarthritis

PLOS ONE | https://doi.org/10.1371/journal.pone.0226007 December 10, 2019 16 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0226007.s023
https://doi.org/10.1016/S0033-8389(03)00161-1
http://www.ncbi.nlm.nih.gov/pubmed/15049520
https://doi.org/10.1093/bmb/lds038
http://www.ncbi.nlm.nih.gov/pubmed/23337796
https://doi.org/10.1016/j.berh.2014.01.004
http://www.ncbi.nlm.nih.gov/pubmed/24792942
https://doi.org/10.1016/S0140-6736(11)60243-2
http://www.ncbi.nlm.nih.gov/pubmed/21684382
https://doi.org/10.1136/bmj.d1165
http://www.ncbi.nlm.nih.gov/pubmed/21385807
https://doi.org/10.1002/acr.22641
http://www.ncbi.nlm.nih.gov/pubmed/26097226
https://doi.org/10.1136/ard.2003.011742
http://www.ncbi.nlm.nih.gov/pubmed/14644851
https://doi.org/10.1002/acr.21596
http://www.ncbi.nlm.nih.gov/pubmed/22563589
https://doi.org/10.1371/journal.pone.0226007


10. McAlindon TE, Bannuru RR, Sullivan MC, Arden NK, Berenbaum F, Bierma-Zeinstra SM, et al. OARSI

guidelines for the non-surgical management of knee osteoarthritis. Osteoarthritis Cartilage. 2014; 22

(3):363–88. https://doi.org/10.1016/j.joca.2014.01.003 PMID: 24462672

11. Bruyere O, Cooper C, Pelletier JP, Branco J, Brandi ML, Guillemin F, et al. An algorithm recommenda-

tion for the management of knee osteoarthritis in Europe and internationally: A report from a task force

of the European Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis

(ESCEO). Semin Arthritis Rheum. 2014; 44(3):253–63. https://doi.org/10.1016/j.semarthrit.2014.05.

014 PMID: 24953861

12. Henrotin Y, Raman R, Richette P, Bard H, Jerosch J, Conrozier T, et al. Consensus statement on visco-

supplementation with hyaluronic acid for the management of osteoarthritis. Semin Arthritis Rheum.

2015; 45(2):140–9. https://doi.org/10.1016/j.semarthrit.2015.04.011 PMID: 26094903.

13. Maheu E, Rannou F, Reginster JY. Efficacy and safety of hyaluronic acid in the management of osteo-

arthritis: Evidence from real-life setting trials and surveys. Semin Arthritis Rheum. 2016; 45(4 Suppl):

S28–33. https://doi.org/10.1016/j.semarthrit.2015.11.008 PMID: 26806183.

14. Bannuru RR, Natov NS, Obadan IE, Price LL, Schmid CH, McAlindon TE. Therapeutic trajectory of

hyaluronic acid versus corticosteroids in the treatment of knee osteoarthritis: A systematic review and

meta-analysis. Arthritis Rheum. 2009; 61(12):1704–11. https://doi.org/10.1002/art.24925 PMID:

19950318.

15. Bannuru RR, Natov NS, Dasi UR, Schmid CH, McAlindon TE. Therapeutic trajectory following intra-

articular hyaluronic acid injection in knee osteoarthritis—meta-analysis. Osteoarthritis Cartilage. 2011;

19(6):611–9. https://doi.org/10.1016/j.joca.2010.09.014 PMID: 21443958.
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