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Background: Intra-articular injections of hyaluronic acid—also called viscosupplementation (VS)—is fre- 

quently used for the symptomatic treatment of knee osteoarthritis, a painful and debilitating long-term 

disease, affecting an important fraction of elderly populations. Severity of knee osteoarthritis is gener- 

ally described by Kellgren-Lawrence (KL) radiological classification. VS has been widely studied in many 

clinical trials; however, the results are rarely analyzed in detail according to KL grade. 

Method: A large, clinical, open-label study was performed in 20 04–20 07 on 1177 patients with knee 

osteoarthritis, each treated with VS consisting of 3 injections of Arthrum H 2% (LCA Pharmaceutical, 

Chartres, France). The characteristics of the patients at baseline included demographic profile, body mass 

index, KL grade, and clinical scores for pain and function using the Western Ontario and McMaster Uni- 

versities index. Follow-up visits were at 3, 6, and 9 months after VS procedure. This large database was 

entirely reprocessed in 2019 to provide a separate analysis per KL grade, complemented by the assess- 

ment of the Outcome Measures in Rheumatoid Arthritis Clinical Trials-Osteoarthritis Research Society 

International rates (%) of responders to the treatment. The analysis was carried out for both intention-to- 

treat and per-protocol completer populations. 

Results: A primary outcome in the intention-to-treat analysis, variations of the Western Ontario and Mc- 

Master Universities index pain subscore from inclusion to the end of the study were 19.8, 19.8, 17.8, and 

14.2 for KL grade I to KL grade IV patients, respectively, on a 0 to 100 scale. In the per-protocol analy- 

sis, under the same conditions, the variations were 20.6, 19.9, 17.1, and 11.7. All results were significant 

( P < 0.001) and clinically relevant for each KL grade. Significant improvements were also observed for 

the Western Ontario and McMaster Universities index function subscore and for the other secondary out- 

comes. The Outcome Measures in Rheumatoid Arthritis Clinical Trials-Osteoarthritis Research Society In- 

ternational responders rate reached 72% to 82% for KL grade I through III patients at Month 6 and Month 

9. For KL grade IV patients, the maximum rate reached was 47.7% at Month 6. There was evidence that 

KL grade is a critical parameter, particularly if KL grade IV is present. Other parameters such as gender, 

body mass index, and age were not identified as prognostic factors of response to VS based on χ2 and 

odds ratio (95% CI) testing. 

Conclusions: Detailed analysis by KL grade supports that VS treatment with Arthrum H 2% applies to a 

large variety of patients with knee osteoarthritis. 

© 2020 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Osteoarthritis (OA) is a frequently painful disease affecting a

arge part of elderly populations. Based on data from the Institut
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ational de la Statistique et des études économiques describing

he French population aged 15 years or older on January 1, 2011,

atients with symptomatic OA is estimated to be a large group of

.2 million. Among them, 23.2% of people aged 65 years or older

tated that they have knee OA, which represents about 2.6 million

eople in early 2019, for a total population close to 67 million. 1 

Treatments of knee OA are mostly symptomatic and, among

hem, intra-articular (IA) injections of hyaluronic acid (HA) or
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Table 1 

Inclusion and exclusion criteria. 

Inclusion criteria Exclusion criteria 

• Man or woman aged older than 18 y 

• Radiographically diagnosed knee osteoarthritis 

• Patient able to understand the study procedure and give his/her verbal 

consent 

• Patient affiliated with a social security scheme or benefiting from such a 

scheme 

• Any inflammatory joint disease that must be treated before initiating 

treatment with intra-articular injections 

• Pregnant or breast-feeding woman 

• Patient under guardianship or tutorship or under judicial protection 

• Patient currently taking part in another clinical research study 
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iscosupplementation (VS) have been widely used over the past

ecades. Numerous studies evaluated the effects of VS using dif-

erent forms and regimens of HA. 2 , 3 Among commercially avail-

ble HAs, VS with Arthrum H 2% (LCA Pharmaceutical, Chartres,

rance) administered in 3 weekly injections demonstrated its ef-

ectiveness in improving pain and function of knee OA patients in

everal studies. 4–7 In addition, a large multicenter open study was

onducted during 20 04–20 07 in 1177 treated patients assessed us-

ng the Western Ontario and MacMaster Universities, OA pain sub-

core (WOMAC A) and function subscore (WOMAC C) with a 0 to 4

ikert scale. 8 When this study was initiated, its main objective was

o consolidate the clinical results of this product in real-world con-

itions. It included a follow-up period extended up to 9 months,

hich is beyond the 3 to 6 months of follow-up of previous stud-

es. 

Because there is still a need to better identify the patients who

ill benefit the most from IA HA, we re-explored the data of this

npublished study, in a retrospective manner taking advantage of

he large size of the population included. The objective was to

ssess whether 3 critical parameters in the progression of OA—

ellgren-Lawrence (KL) radiological grade for OA severity, 9 age, and

ody mass index (BMI)—could also be identified as prognostic fac-

ors of therapeutic response rate. In addition, we calculated the

ate of Outcome Measures in Rheumatoid Arthritis Clinical Trials-

steoarthritis Research Society International (OMERACT-OARSI) re-

ponders among this large population managed in daily practice. 10 

ethods 

nitial study design 

The initial 20 04–20 07 study was designed as an observational

ulticenter cohort study with no comparator involved, meaning

o randomization or concealment, and therefore allowing an

pen-label design. The investigators were 83 rheumatologists, 6

rthopedic surgeons, and 6 doctors of physical and rehabilitation

edicine, all prescribing the product Arthrum H 2% in their

urrent practice, in France. The patients were individually invited

o participate in the study only after VS with this product was

rescribed and their verbal consent was received. Patients could

ithdraw from the study at any time for any reason. In all cases,

he French Social Security system covered costs related to OA

iagnosis, HA product, and IA injections. During participation in

he study, follow-up visits—additional to routine practice—were

art of investigator fees provided by the sponsor of the study, and

herefore free of charge for the patients. Patients received no fee

r other financial advantage. Remuneration of the investigators

as related to the time spent for data collection and no additional

ncentive or advantage was given. 

The study design was in accordance with the Declaration of

elsinki (52nd revision, October 20 0 0), which did not recom-

end the use of placebo control when enough efficacy evidence

as available. Arthrum H 2% was indeed European community

pproval marked and has been available on the French market

ince the end of 1998. By 2004, nearly 3500 patients had already
articipated in previous clinical studies evaluating the effects

f this specific product. In addition, there were several other

ublished studies comparing competing IA HA products versus

lacebo. 

Because the study aimed to evaluate the product in real-world

onditions, investigators had no restrictions and were responsible

or the indications of Arthrum H 2%, regardless of the severity of

nee OA. Inclusion and exclusion criteria were based on the in-

tructions for use of Arthrum H 2% and the French Good Clini-

al Practice, as detailed in Table 1 . Specifically, no limit was fixed

or age, KL grade, anteriority, concomitant or pre-existing treat-

ent, or general health of the patient. The use of the product

as performed in accordance with the information sheet. Case re-

ort forms were provided to the investigators. Patient ability to

ll questionnaires was estimated by the investigator and the pa-

ient was asked to attend at least 2 of the 3 follow-up visits

lanned at Month 3, Month 6, and Month 9. No registration was

equested by the French health authorities for this type of non-

nterventional cohort study. The data analyses, statistics and final

007 clinical report were done by an independent clinical research

rganization. 

rimary and secondary outcomes 

The primary outcome was the WOMAC A with the objective

f demonstrating a clinically relevant and significant improvement

rom baseline (Month 0) to the last visit (Month 9 or Month 6). 

The secondary outcomes included the evolution at any time

f all the indexes: WOMAC A, WOMAC C, influence on daily life

Agence nationale d’accréditation et d’évaluation en santé [ANAES]

uestions [replaced by the Haute autorité de santé in 2005]) and

andicap assessment. The influence on concomitant treatments

corticosteroids and/or nonsteroidal anti-inflammatory drugs) was

ssessed through 1 final question. 

aterials 

The results obtained in 2007 have neither been presented to

ny scientific congress nor published in any medical journal. The

nalytical report was given to the health authority and this study

s mentioned only in the Commission Nationale d’Evaluation des

ispositifs Médicaux et des Technologies de Santé advice about

rthrum, dated July 7, 2009. 

During 2019, this large database (1177 patients) was first

onsidered of interest because of the size of the population and

uration of follow-up. Therefore, a new analysis was conducted,

etailed per KL grade—as known at inclusion—and completed

ith the assessment of the OMERACT-OARSI responders, 10 after

ecollecting each patient’s results from the case report form. The

ain and function assessments were available from the WOMAC A

nd C subscores. Each patient’s global assessment was determined

rom the 3 ANAES questions related to quality of daily life: influ-

nce of OA on walking, on working, and on sleep. Each question

as assessed on a 0 to 10 scale, at inclusion (ie, baseline) and each

ollow-up visit. To be suitable with OMERACT-OARSI responders,
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Figure 1. 2019 reanalysis flow chart. KL = Kellgren-Lawrence radiologic os- 

teoarthritis scale (grade I–IV); M = month. TKR = total knee replacement; 

VS = viscosupplementation; BMI = body mass index 
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he WOMAC A and C scores and the combined ANAES scores were

ach converted to a 0 to 100 scale. 

ew analysis 

The new analysis, including graphs, was performed using Excel

Microsoft, Redmond, Washington). MIX 2.0 software (BiostatXL,

ountain View, California) was used to compute the heterogeneity

ndicators and forest plots. Synthesis was done under fixed effects

nd inverse variance weighting. 

Our selection method is described in Figure 1 , starting from a

rst analysis made for all included patients identified as the intent-

o-treat (ITT) population because they received at least 1 injection.

fter removing patients with missing KL grade data; those who

ere lost to follow-up; or those who withdrew after Month 0 or

onth 3 for any reason, including surgery procedures, a second

nalysis was performed on the per-protocol (PP) completer popu-

ation. 

The baseline KL grades were recorded for each patient to al-

ow the detailed analysis for all criteria, from WOMAC results to

MERACT-OARSI responders. To assess precisely the primary and

econdary outcomes in the ITT analysis, the final population at

onth 9 was compared with baseline. In the PP analysis, to keep

he same completed PP population from baseline to end of the

tudy, results at Month 6 were accepted for patients not seen at

onth 9 because it was defined in the protocol with 1 no-show

isit accepted among the 3 time-point visits. 

Finally, it appeared important to compare, within each KL sub-

roup, the OMERACT-OARSI responders and non responders to

tudy potential relations with patient age and BMI. This was done

n the secondary analysis after removal of patients with missing

ge or BMI. Several approaches were considered, first using scatter

lots for each KL, and then making unilateral comparisons with χ2 

est and odds ratio (OR). 

Because different methods were used to collect and interpret

he data, the populations may not be strictly identical to the 2007
nalysis, where KL grade was only grouped as grade I + II and

rade III + IV (unpublished results). 

otential bias 

Comparing detailed KL subgroups results across the same ob-

ervation time allowed detection of potential selection bias. Oth-

rwise, heterogeneity indicators were used for the primary out-

ome (WOMAC A) and the secondary outcome (WOMAC C) in the

core difference assessment from baseline (Month 0) to the last

isit (Month 9 or Month 6). A comparison with the 2007 results

llowed for control of this risk of bias. The influence of exclud-

ng patients from the PP analysis was also discussed, particularly

ith patients undergoing total knee replacement (TKR), during the

-month observation period. 

otential role of age or BMI 

To assess the potential role of age or BMI in relation to KL

rade, a secondary analysis was performed. The fraction of the PP

opulation with both age and BMI recorded was considered. The

esponders (%) correspond to the last visit at Month 9 or Month

. Considering that age and BMI are continuous variables, we first

sed scatter plot graphs, 1 per KL grade, to represent each patient

s a point by function of age ( x -axis) and BMI ( y -axis). Different

oding distinguished the responders from the non responders. Cor-

elation between age and BMI was assessed with R 2 for each sub-

roup. Univariate analyses were intended for each potential factor

ased on the OR. The first analysis was performed for all KL grades

ogether and the second analysis was detailed for each KL grade. 

esults 

ata collection 

The flow chart ( Figure 1 ) describes each of the populations an-

lyzed. Among the ITT population of 1177 patients, 1062 completer

atients were selected for the PP analysis, all seen at Month 6 or

onth 9. The following patients were excluded from this analysis:

 patients who received fewer than 3 injections of Arthrum, 46 pa-

ients without documented KL grade, 10 patients with TKR surgery

ecision before Month 6 and no further visits, 3 patients with dis-

ases unrelated to OA (including 1 cancer and 1 death), 3 patients

ith intervention procedures (hip replacement, arthroscopy, and IA

orticosteroid), 10 patients lost to follow-up at Month 0, and 38

ther withdrawals before Month 6 (most on patient’s decision). Al-

ogether, the total of patients excluded for fewer than 3 injections

nd for medical or surgical reasons (related or unrelated to knee

A) was 21, representing 1.8% of the ITT population. 

atient profile 

Patient profile is described in Table 2 , for both the ITT popula-

ion (1177 patients) and the PP population (1062 patients). Glob-

lly, in terms of age, gender, and BMI, there was no significant dif-

erence between these 2 populations. Also from this Table 2 , there

as no strong evidence of relation between BMI and KL grade. A

ide age range was observed for each KL, with a large 53 to 62

ears difference between the youngest and the oldest patient, mak-

ng interpretation difficult. However, there could be a potential cor-

elation between age and KL, as KL grade IV population was more

han 10 years older than the KL grade I population. Obviously, this

ould just be an expression of the progressive character of OA dis-

ase. These points are analyzed further in the Results section. 
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Table 2 

Patient profile. ∗

Patient Total KL radiologic osteoarthritis scale grade 

I II III IV 

ITT population 1177 

KL distribution 1131 † 146 (13) 416 (37) 422 (37) 147 (13) 

Women (%) 754 (64) 94 (64) 260 (63) 283 (67) 88 (60) 

Men (%) 419 (36) 52 (36) 154 (37) 138 (33) 59 (40) 

Age, y (SD) 68.4 (10.6) 61.9 (10.2) 67.3 (10.4) 70.2 (9.9) 73.0 (9.7) 

Minimum 27 27 33 29 44 

Maximum 97 83 95 91 97 

Body mass index (SD) 27.5 (4.5) 26.7 (3.7) 27.0 (4.4) 28.0 (4.7) 28.3 (4.3) 

Minimum 16.2 19.3 16.6 16.6 16.2 

Maximum 60.0 37.1 47.8 46.4 40.1 

PP population 

KL distribution 1062 141 (13) 396 (37) 395 (37) 130 (12) 

Women (%) 685 (65) 91 (65) 247(63) 271 (69) 76 (58) 

Men (%) 374 (35) 50 (35) 147 (37) 123 (31) 54 (42) 

Age, y (SD) 68.4 (10.5) 62.3 (9.8) 67.2 (10.4) 70.2 (9.8) 73.1 (10.0) 

Minimum 29 29 33 29 44 

Maximum 97 83 95 91 97 

Body mass index (SD) 27.5 (4.4) 26.7 (3.7) 26.9 (4.3) 28.0 (4.7) 28.1 (4.1) 

Minimum 16.2 19.3 16.6 16.6 16.2 

Maximum 47.8 37.1 47.8 46.4 40.1 

ITT = intention to treat; KL = Kellgren-Lawrence; PP = per protocol. 
∗ Values for KL and sex distributions are presented as n (%). Values for age and body mass index are 

presented as mean (SD). 
† After removal of 46 patients with unknown Kellgren-Lawrence radiologic osteoarthritis scale grade. 
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rimary outcome 

The variations of the WOMAC A subscore from baseline (Month

) to the last visit are illustrated in Figure 2 . The first forest plot

ives results for ITT population and the second for the defined PP

opulation. Each KL grade is detailed with 95% CI represented by

orizontal bars. The y -axis (X = 0) corresponds to the baseline, and

ny positive point (X > 0) describes an improvement from base-

ine. 

From KL grade I to KL grade IV, respectively, the mean differ-

nce (MD) varied from 19.8 to 14.2 in ITT and from 20.6 to 11.7 in

P. The synthesis gave equivalent results for MD 18.5 (95% CI, 17.1–

0.0) in ITT versus MD 18.0 (95% CI, 16.5–19.5) in PP. No significant

ifference was observed between the results of the 2 analyses. 

All these WOMAC A changes to baseline were significant ( P <

.001), above the minimal clinically important difference for im-

rovement, and above the smallest detectable difference, respec-

ively, 7.5 and 8.1, defined by Angst et al. 11 Also, these MDs were

bove the minimal perceptible clinical improvement of 9.7, as de-

ned by Ehrich et al. 12 In all cases, this indicated that the results

or the primary outcome were clinically relevant and in favor of IA

A. In the ITT population, the effect size (ES) reached 1.07 (95% CI,

.98–1.16), which is close to the standard mean difference found

y Miller and Block 13 for pain 1.14 (95% CI, 0.89–1.39) in a direct

omparison to baseline, at 14 to 26 weeks. 

econdary outcomes 

Under the same conditions, the variations of the WOMAC C sub-

core from baseline are illustrated in Figure 3 . From KL grade I

o KL grade IV, MD varied, respectively, from 18.4 to 12.4 in ITT

nd from 19.0 to 10.2 in PP. The synthesis was nearly identical

ith MD = 16.5 (95% CI, 15.0–17.9) in ITT versus MD = 16.3 (95%

I, 14.8–17.8) in PP. These changes from baseline were significant

 P < 0.001) and all above the minimal clinically important differ-

nce, the smallest detectable difference and the minimal percepti-

le clinical improvement, respectively, defined at 6.7, 7.8, and 9.3

or the WOMAC C. Also, these differences were above the minimal
linically important improvement defined by Tubach et al 14 in ab-

olute change (9.1; 95% CI, 7.5–10.5) for the WOMAC C. As with the

OMAC A, the results for the WOMAC C were clinically relevant

nd in favor of IA HA. Similarly, ES reached 0.94 (95% CI, 0.85–1.03)

n ITT, compared with ES = 1.07 (95% CI, 0.84–1.30) from Miller and

lock 13 for function in baseline comparison. 

The WOMAC A and WOMAC C subscale scores and other quan-

itative results (ANAES questions) are all given on a 0 to 100

cale, and are presented in Table 3 for the ITT analysis. They

ere detailed by observation time (ie, Month 0, Month 3, Month

, and Month 9) and the KL grade. At Month 6 or Month 9

or the WOMAC A in ITT, the improvement from baseline was

mportant, reaching 21.3 (–51%) for KL grade I, 19.7 (–46%) for

L grade II, 17.7 (–36%) for KL grade III, and 14.2 (–26%) for

L grade IV. Under the same parameters, the improvement of

he WOMAC C in ITT was 18.5 (–48%), 17.4 (–43%), 15.6 (–33%),

nd 12.4 (–24%), respectively. The evolutions of the WOMAC A

nd C scores from baseline (Month 0) were also represented in

igure 4 , for the ITT population. Globally, all results were stable

r very slightly improved from Month 6 to Month 9 for each KL

rade. 

Among 1037 ITT patients taking concomitant corticosteroids or

onsteroidal anti-inflammatory drug treatments, 63% were satis-

ed with medication intake reduction, whereas 21% remained to-

ally unsatisfied. 

eterogeneity assessment 

In the ITT analysis at end of study, the index I 2 (ratio of het-

rogeneity across KL grade results) was moderate, 40% or 55% for

he WOMAC A subscale, and 20% or 54% for the WOMAC C sub-

cale, depending on assessment made from MD or ES, respectively.

n identical conditions, the variance of the true effect index τ 2 re-

ained very low, at 0.015 for the WOMAC A and 0.013 for the

OMAC C, in dimensionless units used for ES assessment. So, a

ow variance ( τ 2 < 0.04) was observed between each KL grade

tudy. 
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Figure 2. Primary outcome: Western Ontario & McMaster Universities (WOMAC) A (pain subscale). KL = Kellgren-Lawrence radiologic osteoarthritis scale (grade I–IV); 

M = month; MD = mean difference. 
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MERACT-OARSI responders 

The percentage of patients who were OMERACT-OARSI respon-

ers are given for three populations in Table 4 , and illustrated in

igure 5 for the ITT and PP populations. For combined KL grades

nd for each population subgroup, there was a significant increase

n the responders (%) from Month 3 to Month 6, followed by a

mall increase from Month 6 to Month 9. There were significant

ifferences in responders (%) between each KL grade subgroup. The

ighest rates above 80% were observed for KL II at Month 6 and

onth 9. Conversely, the best rate with KL grade IV was 47.7% at

onth 6. No selection bias was introduced by potential difference

etween the profiles of the studied populations because they were

ery close. This confirms KL grade to be the most determinant fac-

or for the rate of responders. 

ole of KL grade, age, BMI, and other factors 

The secondary analysis identified 862 patients with known KL

rade, gender, age, and BMI ( Figure 1 ). 
The scatter plots are given for each KL grade ( Figure 6 ), describ-

ng age and BMI as independent parameters. No correlation was

dentified between BMI and age for OMERACT-OARSI responders or

on responders subgroups ( R 2 ≤ 0.12). However, age and KL grade

annot be considered as totally independent variables because OA

volution was slow, as evidenced by the age mean difference of

ore than 10 years between KL grade I and KL grade IV ( Table 2 ). 

Univariate analyses with OR results are given in the form of

 forest plot ( Figure 7 ) for the whole population and for each

L grade ( Figure 8 ). The attached tabulated data provides the OR

cores (95% CI) and the P values. BMI was assessed to designate

verweight (BMI ≥ 25) and obesity (BMI ≥ 30). Age incidence

as assessed, first from below the first quartile ( ≥60 years), then

ver the mean ( ≥69 years), and finally over the third quartile

 > 75 years) of the studied population. From the global analysis in

igure 7 , it was observed that KL grade plays the largest role,

emonstrating the relative higher chance of success for the KL

rade II, and the lowest for the KL grade IV. However, this method

as limits because KL grade II, for instance, was compared with a

roup combining all other KL grades, which is not necessarily rel-

vant. Therefore, the second analysis was performed per KL grade
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Figure 3. Secondary outcome: Western Ontario & McMaster Universities (WOMAC) C (function subscale). KL = Kellgren-Lawrence radiologic osteoarthritis scale (grade I–IV); 

M = month. 
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 Figure 8 ) to complete the information provided to the practitioner

nd to indicate if a second factor associated with a known KL

rade can be determinant or not. The χ2 test results are not de-

ailed here because they led to identical results for the P values.

o summarize, at no moment were gender, overweight, obesity, or

atient’s age perceived to have any significant influence on the rate

f OMERACT-OARSI responders in relation to the KL grade. For het-

rogeneity, a huge difference was observed between the 2 anal-

ses, with I 2 and τ 2 varying from 88% and 0.20, respectively, in

he whole population analysis, to 0 in the analysis detailed per KL

rade. This suggests that pooling different KL results induced a lot

f heterogeneity in VS trials. 

ncidence of patients with surgery procedure and other exclusions 

rom PP analysis 

There were a total of 18 patients with a decision for TKR

urgery, taken between Month 0 and Month 9, all present in the

TT analysis. In the PP analysis, 7 patients were still present be-

ause their study was completed at Month 6, before the TKR deci-

ion. Other patients with interventions were removed from the PP

nalysis ( Figure 1 ): 1 TKR patient who received only 2 injections,
0 others with TKR (3 lost after Month 0 and 7 seen at Month 3),

 patient with arthroscopy (lost after Month 0), and 1 patient with

steotomy (seen at Month 6, but unknown KL grade). All patients

ith surgery seen at Month 3 were non responders. 

The 46 patients with unknown KL grade performed similarly to

 KL grade II as shown in Figures 4 and 5 , and they have been re-

oved from this rationale because 45 of them completed the study

t Month 6 or Month 9. 

The 21 patients excluded for medical or surgical reasons, as

escribed in the Data Collection section, had a profile at inclu-

ion (age = 73.0 years, BMI = 27.4, WOMAC A = 46.9, and WOMAC

 = 45.8) that differs for age and KL grade IV (40%), but not for the

OMAC scores, with reference to Tables 2 and 3 (ITT population

rofile). 

There were 38 patient withdrawals after Month 3. Among them,

 were satisfied and 10 were unsatisfied with the VS treatment,

hereas the remaining 21 withdrawals (patient’s decision) in-

luded 13 responders and 8 non responders. Therefore, several

ithdrawals were clearly identified from patients improved with

S treatment, who just canceled the last visits for personal conve-

ience. The remaining 10 lost-to-follow-up patients after Month 0

ould not be analyzed, except from their profile at inclusion. 
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Table 3 

Intention-to-treat analysis applying Western Ontario & McMaster Universities index for os- 

teoarthritis symptoms assessment (WOMAC) subscales A (pain) and C (function) and Agence 

nationale d’accréditation et d’évaluation en santé (ANAES) scores. ∗

KL grade Score † Time point (mo) 

0 3 6 9 

Missing n 46 37 28 37 

WOMAC A 43.7 (15.4) 26.8 (17.7) 24.6 (18.5) 22.6 (16.1) 

WOMAC C 42.2 (18.9) 27.1 (18.6) 27.0 (19.4) 24.8 (19.5) 

ANAES 3 questions 49.5 (14.7) 34.5 (16.4) 31.4 (16.9) 30.3 (15.9) 

I n 146 127 99 131 

WOMAC A 41.5 (17.3) 24.1 (18.7) 20.2 (18.4) 21.7 (21.5) 

WOMAC C 38.8 (17.4) 23.4 (16.7) 20.5 (17.8) 20.3 (17.6) 

ANAES 3 questions 43.9 (18.5) 26.4 (17.8) 23.9 (17.4) 23.5 (17.8) 

II n 416 340 336 376 

WOMAC A 42.9 (15.7) 27.4 (16.8) 23.9 (16.9) 23.1 (17.1) 

WOMAC C 40.8 (16.0) 27.7 (17.3) 24.2 (16.2) 23.3 (17.3) 

ANAES 3 questions 45.4 (16.4) 28.8 (16.1) 25.4 (15.2) 24.4 (15.0) 

III N 422 345 334 351 

WOMAC A 49.3 (15.4) 34.0 (18.4) 32.4 (18.5) 31.6 (20.1) 

WOMAC C 47.8 (15.6) 34.7 (18.1) 34.2 (18.5) 32.2 (19.2) 

ANAES 3 questions 51.2 (15.5) 34.5 (17.4) 32.7 (16.4) 32.8 (17.6) 

IV N 147 121 107 115 

WOMAC A 54.7 (15.6) 42.4 (20.8) 40.5 (20.4) 40.6 (19.0) 

WOMAC C 52.5 (18.5) 42.6 (21.7) 41.9 (21.9) 40.1 (20.4) 

ANAES 3 questions 52.5 (16.0) 42.0 (19.2) 40.9 (20.6) 39.9 (19.2) 

All 

patients 

n 1177 970 904 1010 

WOMAC A 46.6 (16.4) 31.2 (19.0) 28.6 (19.2) 27.8 (19.9) 

WOMAC C 44.6 (17.1) 31.4 (19.0) 29.7 (19.3) 28.0 (19.5) 

ANAES 3 questions 48.3 (16.5) 32.4 (17.8) 29.9 (17.5) 29.2 (17.7) 

ANAES = Agence nationale d ·accréditation et d’évaluation en santé; KL = Kellgren-Lawrence radi- 

ologic osteoarthritis scale grade (I–IV). 
∗ Replaced by Haute autorité de santé [French Health Authority] in 2005. 
† WOMAC and ANAES scale scores were 0 to 100. Values are presented as mean (SD). 

Table 4 

Comparison to other Arthrum studies with various Kellgren-Lawrence radiologic osteoarthritis scale (KL) grade 

I through IV. ∗

Study n Age, y 

KL profile (%) Variation from baseline OMERACT- 

OARSI 

responders (%) I & II III IV WOMAC A WOMAC C 

Arramon et al 4 271 67.2 39 45 16 17.9 15.8 NA 

Germonville et al 5 126 66.9 54 38 8 25.6 25.9 85.0 

Thomas et al 6 202 65.6 54 46 0 22.3 18.8 NA 

Hilliquin et al 7 182 45.0 62 34 4 20.1 17.0 NA 

Baron et al 15 214 62.9 54 46 0 33.6 27.6 90.0 

Present study 1177 68.4 50 37 13 18.0 14.9 72.7 

NA = not available; OARSI = Osteoarthritis Research Society International; OMERACT = Outcome Measures in 

Rheumatoid Arthritis Clinical Trials; WOMAC = Western Ontario & McMaster Universities index for osteoarthritis 

symptoms assessment. 
∗ All results are related to knee osteoarthritis treatment with Arthrum (LCA Pharmaceutical, Chartres, France) 

products at 6-month follow-up. There were clear differences for the patients KL profiles between these trials. It 

was observed that the highest scores were obtained from studies with 0% to 8% patients at KL grade IV. None 

of the trials containing ≥12% KL grade IV had variations from baseline > 20 for WOMAC A (pain subscore), > 16 

for WOMAC C (function subscore) (on a scale of 0–100), or a percentage of OMERACT-OARSI responders > 75%. 

In the present study the percentage of responders increases to 76.0% at Month 6 and 78.3% at Month 9 after 

removal of KL grade IV and unspecified KL grade patients from the intention to treat population. The percentage 

of KL grade IV patients admitted may be critical to interpret clinical results. 
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In summary, the 69 patients excluded from PP population were

ot specifically non responders, and their average profile at inclu-

ion (age = 67.4 years, BMI = 28.5, WOMAC A = 45.8, and WOMAC

 = 40.8) did not contribute to worse profile of the ITT population. 

iscussion 

ncidence of KL grade IV: Comparison with other trials results and 

nterpretation 

From our findings, the presence or absence of KL grade IV pa-

ients, has a clear influence on the clinical results. Taking the KL

rofile into account, this suggests comparisons should be made
ith other Arthrum H 2% trials 4–7 and with Arthrum Visc 75 (LCA

harmaceutical), 15 an alternative version of Arthrum that is de-

igned for single injection. As described in Table 4 , the Arthrum

roups containing 12% KL grade IV or more, clearly offer less—but

till relevant—improvements for the WOMAC subscores (pain and

unction) and for the percentage of OMERACT-OARSI responders,

t Month 6. 

Another important aspect of the KL grade IV knee OA is the

evel of response that can be expected to the VS treatment in

omparison to the IA placebo. In the literature, IA placebo results

re very scarce in KL grade IV knee OA. We only found 1 study

y Blanco et al, 16 a specific randomized controlled trial for VS in

nee OA patients with 100% KL grade IV. At Month 6, the WOMAC
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Figure 4. Intention-to-treat (ITT) analysis: Western Ontario & McMaster Univer- 

sities (WOMAC) and outcome Measures in Rheumatoid Arthritis Clinical Trials- 

Osteoarthritis Research Society International (OMERACT-OARSI) results. The first 

graph represents the WOMAC A (pain subscale) mean score evolution, with a con- 

tinuous curve for each Kellgren-Lawrence (KL) radiologic osteoarthritis scale grade 

(I–IV), and vertical bars for the whole population. Error bars represent the stan- 

dard error. Similarly, the second graph represents the WOMAC C (function subscale) 

score evolution. M = month. 
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Figure 5. Outcome Measures in Rheumatoid Arthritis Clinical Trials-Osteoarthritis 

Research Society International (OMERACT-OARSI) responders. The graphs represent 

the evolution of the OMERACT-OARSI percentage of responders, for the intention- 

to-treat (ITT) and the per-protocol (PP) populations. Continuous curves represent 

each Kellgren-Lawrence (KL) radiologic osteoarthritis scale grade (I–IV), and vertical 

bars represent the whole population. The missing KL subgroup scores were close to 

KL grade II; their removal had minimal influence on the total result. M = month. 
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ubscores variations were 21.7 (–35%) for pain, and 24.7 (–39%) for

unction with IA HA, versus 11.2 (–17%) and 4.4 (–6%), respectively,

or the IA placebo. These results support a large difference in fa-

or of the IA HA. From there, one can estimate the average patient

hould be an OMERACT-OARSI responder if IA HA treated, and non-

esponder if IA placebo treated. In other words, the IA placebo ef-

ect appears smaller in the presence of a KL grade IV, than with

ower KL grades. This supports our opinion that in knee OA, the

evel of response given by an IA placebo should be identified as

L-dependent. 17 

bout the prognostic factors of response to VS 

From the OR assessment made in Figure 7 , the most favor-

ble patient profile clearly appears to be at KL grade II, preferably

ounger than age 60 years, which aligns with the findings of Ma-

eu et al. 18 However, our further analysis, detailed per KL grade

nd performed with a double approach—scatter plots then OR—did

ot reveal any significant relation between the gender, BMI, or age

f the patient, and the response to the VS treatment. So, the VS

reatment of older patients with higher KL grades should not be

iscouraged. 

One previous study of the prognostic factors for the response to

S in knee OA, 19 based on results obtained with Arthrum H 2%, 5 

id not reveal any relation with age or BMI. This is confirmed by

he results of the present study in a much larger population, which

oes not support obesity as a risk factor, but only the KL grade IV

n a relative proportion. 

To summarize, the above results demonstrate that Arthrum H

% (3 injection) offers a good prognosis of success of VS in a large
iversity of OA profiles, from KL grade I through III, regardless of

ge or BMI. For the KL grade IV OA patients, there is still a chance

f success, limited to a moderate improvement by the patient, and

ossibly a lower duration of treatment efficacy. It is not our pur-

ose to discuss here the difficulties with the KL grade IV patients

r the lack of alternative treatments, particularly for noncandidates

or TKR surgery. 

imitations 

There are certainly limitations with this post hoc retrospective

nalysis. However, our data are in the same magnitude of previ-

usly published data of controlled studies and the effects of this

ommon bias are limited if anything. The second usual flaw of such

 real-life study is the lack of an IA comparator and the open-label

esign; again, quantitative results on pain and function compared

ersus baseline were consistent with those reported by Miller et

l 13 in their large systematic review and meta-analysis of ran-

omized, controlled trials supporting the reliability of our reported

ata. Also, the study was conducted on a large cohort population

f more than 10 0 0 patients, under real-world conditions, with a

ong follow-up extension of 9 months. Moreover, a unique analysis

er KL grade was proposed, allowed by the large population size. 

The clinical benefit of IA saline was assessed by Altman et

l, 20 who found standard mean difference = 0.61 (95% CI, 0.45–

.76) for pain improvement at long term (6–12 months). This re-

ult is clearly smaller than our primary outcome (ES = 1.07; 95%

I, 0.98–1.16) and this allows an estimate of ES = 0.46 versus IA

lacebo for Arthrum H 2% at the long term, which is relevant for

he whole population. This result—ES = 0.46—appears to be coher-

nt and slightly above the average found in several meta-analyses
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Figure 6. Secondary analysis: Scatter plots. On each graph dedicated to a specific Kellgren-Lawrence (KL) radiologic osteoarthritis scale grade (I–IV), each patient was 

represented by 1 mark, as a function of age ( x -axis) and body mass index (BMI) ( y -axis), with a color differentiation between responders and nonresponders. The center 

of gravity of each subpopulation, was represented by + for the responders and by × for the non responders. The distance between these 2 symbols was always very small, 

illustrating that both age and BMI had no significant influence on the response. The linear curves and the associated R 2 supported the absence of correlation between BMI 

and age. OMERACT-OARSI = Outcome Measures in Rheumatoid Arthritis Clinical Trials-Osteoarthritis Research Society International. 

Figure 7. Secondary analysis: Odds ratio (OR). Univariate analysis of potential prognostic factors. OR compared the proportion of Outcome Measures in Rheumatoid Arthritis 

Clinical Trials-Osteoarthritis Research Society International (OMERACT-OARSI) responders between 1 part of the population (event) and the rest of the population (nonevent). 

In this forest plot, each OR result was represented as a point with the 95% CI interval as a horizontal bar. At OR = 1 there was no probability for the event to be beneficial 

or unfavorable ( P = 1). Each event (left column) was individually analyzed. The Kellgren-Lawrence (KL) radiologic osteoarthritis scale grade (I–IV) had the greatest influence, 

with KL grade II (relatively) favorable and KL grade IV (relatively) unfavorable. 
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Figure 8. Secondary analysis per Kellgren-Lawrence (KL) radiologic osteoarthritis scale grade (I–IV): Odds ratio (OR). Prognostic factors: gender, body mass index, and age. 

The large population (862 patients) allowed detailed analysis by KL subgroups. On the forest plot graph, each 95% CI included OR = 1, meaning no evidence of a relation for 

each test, confirmed with P > 0.05. The minimal statistical size was reached for each event except 1, because there were only 4 KL grade I patients older than age 75 years. 

The heterogeneity indicators I 2 and τ 2 have dropped to 0. 
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escribed by Maheu et al. 18 That said, the lack of comparator re-

ults accurately described per KL grade for an IA placebo was a

erious handicap to the interpretation of our results. 

Attrition of the ITT population may be a source of bias because

t was largely dependent on the patient’s decision. This influence

as moderate and ITT and PP analyses provided very close data,

ven when including 11 more patients with TKR in the ITT analy-

is. Therefore, the risk of selection bias seems very limited. Other

spects, such as tolerance, have not been considered in this new

nalysis. 

onclusions 

Due to its large cohort size (more than 10 0 0 patients), this

ong-term study allowed a detailed analysis of all KL grades versus

aseline. As key results obtained here with the product Arthrum H

% (3 injections regimen), the variation from baseline was clinically

elevant at Month 6 and Month 9 for the WOMAC A (pain sub-

core) and for the WOMAC C (function subscore) at any KL grade.

he rate of OMERACT-OARSI responders at Month 6 and Month 9

as high—from 72% to 82% for each KL grade from I to III. Gender,

verweight, obesity, and age were not identified as prognostic fac-

ors of response to VS. Only KL grade was a sensitive factor, partic-

larly with KL grade IV, which was relatively unfavorable. Globally,

his study suggests that VS with Arthrum H 2% applies to a large

iversity of patients with knee OA. 
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