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Abstract

Background. Advanced radiological stage of knee osteoarthritis (OA) is predictive of poor response to viscosupplementation
(VS). To date, the impact of x-ray features on the duration of effectiveness (DE) of VS has not been investigated. Objectives.
To investigate the radiological features associated with DE of VS in patients with knee OA. Methods. Cross-sectional study
in patients with knee OA treated with | injection of cross-linked hyaluronic acid (HA). The primary outcome was DE,
self-assessed by the patients in weeks of effectiveness. Radiological features (joint space narrowing—JSN topography and
Kellgren-Lawrence [K-L] grade) associated with DE were studied. Results. Fifty-one patients—33 females (76 knees)—
were analyzed. The average DE was 52.0 (24.7) weeks (range, 13-155 weeks). In the bivariate analysis, DE was 14 weeks
longer in those with K-L grades | and 2 (62.6 * 36.4 weeks) than in those with K-L 3 and 4 (48.9 = 18.6) (P = 0.03). DE
was not significantly different according to the involved compartment(s). It was significantly longer in men than in women
(60 = 31.4 vs. 47 £ 16 weeks; P = 0.035). In multivariate analysis, K-L grade (I-2 vs. 3-4) (P = 0.007), male gender (0.02),
and older age (0.04) were independently associated with a longer DE. Conclusion. DE of a single injection of extended-
release HA is longer in K-L |-2 than in K-L 3-4 OA knees, regardless of the JSN topography. However, even the patients
with more advanced OA benefited from HANOX-M-XL injection for an average duration barely less than | year.
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Introduction alterations in HA. Thirty years later, it has been formally evi-

. . . ) denced that HA is not only a lubricating and shock absorber
Knee osteoarthritis (OA) is one of the main causes of pain and

disability in subjects aged above 50 years, significantly
impairing their quality of life.! Standard conservative treat-
ments for knee OA include a combination of non-pharmaco-
logical and pharmacological modalities,”* as none can be
individually classified as highly effective, except total knee
replacement. In the early 1990s, E. A. Balazs introduced the
concept of viscosupplementation (VS). He hypothesized that
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intra-articular (IA) injections of high-molecular-weight hyal-
uronic acid (HA) can alleviate pain and improve joint function
by restoring the elastoviscous properties of OA synovial fluid
(SF) that are impaired because of quantitative and qualitative
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agent but exhibits, through complex mechanisms, many other
properties including anti-inflammatory, analgesic, antiapop-
totic, and antidegradative effects.® VS is recommended by
many scientific societies in the clinical management of pain in
patients with knee OA not adequately improved by first-line
treatments.>>’-1* Despite increasing evidence of a good bene-
fit/risk ratio''"!* and cost-effectiveness,'* the efficacy of VS
remains controversial,'>!7 leading to variable recommenda-
tions across clinical guidelines. However, there is a gap
between these guidelines and clinical daily practice'® as,
despite negative or lukewarm recommendations, more and
more practitioners worldwide continue to use VS with satisfy-
ing clinical results,'® allowing a substantial number of patients
to delay the need for knee replacement”*?> A pragmatic
approach has been proposed by several working groups.?32°
Despite VS being primarily indicated in mild to moderate OA,
where it has been shown to be the most effective,”’ > IA-HA
can be useful in advanced disease, especially in patients who
cannot or do not want to undergo total knee replacement.
Several drug regimens are currently available, depending on
the physicians’ and patients’ preference. Repeat injections of
linear HA are more and more often replaced by single injec-
tions of long-lasting HA. The best validated way to increase
the 1A residence time of HA is to cross-link HA linear macro-
molecules using cross-linking agents such as butanediol-
diglycidyl ether (BDDE), divinyl sulfone, or ethylene
sulfide.332 Adding mannitol, a powerful antioxidant, to HA
may reduce reactive oxygen species related to the depolymer-
ization of HA, leading to an increase in HA IA residence
time.?3° HANOX-M-XL is an extended-release viscosupple-
ment combining cross-linking and mannitol, allowing a sin-
gle-injection regimen, with a high success rate in several
indications.’**° This is the reason why HANOX-M-XL is the
most used HA viscosupplement for treating symptomatic
knee OA in our rheumatology department.

As one of the doctor’s duties is to accurately inform
patients about the treatment offered to them, it has seemed
important to us to try to answer the following question: Is it
possible to predict the duration of effectiveness (DE) of VS
with HANOX-M-XL, in daily practice conditions, where
standard x-rays of the knee are the only available tool for
assessing OA anatomical phenotype and severity? Indeed,
in the current literature, data assessing both the radiological
grade and other anatomical features of OA (i.e., the involved
compartment) are lacking.

Hence, the primary goal of the study was to investigate
whether radiological features are significantly associated
with the DE of a single IA injection of an extended-release
hyaluronic acid in patients with knee OA.

Patients and Methods

The PRESAGE study is a cross-sectional, single-center
trial, carried out under clinical daily practice settings, aimed

to investigate the possible predictive factors of VS DE in
150 knee OA patients (demographics, radiological features,
previous and current treatments for OA, comorbidities,
number of previous VS or corticosteroid IA injections, HA
products, single or repeat injections, etc.). It received the
approval of the French “Comité de Protection des Personnes
Sud EST III” under ID-CRB N° 2021-A00773-38
(ClinicalTrials.gov Identifier: NCT04988698). The trial
was conducted in accordance with good clinical practice
and the Declaration of Helsinki (ethical principles for medi-
cal research involving human subjects). Due to the limited
number of patients, which does not allow the analysis of
numerous variables at the same time, this article reports
preliminary results specifically focused on the impact of the
x-ray characteristics on the DE of VS. The choice to limit
the analysis to the results obtained with a single viscosup-
plement (HANOX-M-XL) was made to avoid the possible
confounding factor due to the difference in efficacy between
the HA products.

Patient Selection

All the consecutive ambulatory adult patients, female or
male, regardless of age, symptomatic or not, who showed
up to the rheumatology consultation at the North Franche-
Comté Hospital (Belfort, France), more than 2 months and
less than 3 years after being treated with a single injection
of HANOX-M-XL 2.2 ml (HAPPYCROSS®; LABRHA
SAS, Lyon, France) for symptomatic knee OA, evidenced
by standard x-rays performed within 12 months prior to
injection, were prospectively included in the study. The
patients in whom the questionnaire could not be adminis-
tered reliably (cognitive disorders or language problems)
or who were unable to give informed consent were not
selected in the trial. The patients treated with [A-HA using
another injection protocol (multiple injections or visco-
supplement other than HANOX-M-XL) or for a reason
other than knee OA, patients in whom VS was performed
less than 2 months (i.e., the average onset of action of TA
HA) or more than 36 months ago, and patients in whom
x-rays prior to [A injection were not available were also
excluded.

Study Design

During a routine visit, the investigator handed the patient
a document providing information about the study and
obtained his or her informed consent for participating in
the trial. Next, the investigator collected demographic
characteristics (age, gender, weight, height, body mass
index [BMI]), collected the x-rays, reported the radiologi-
cal knee OA location (i.e., medial tibiofemoral [TF] and/or
lateral TF and/or patellofemoral [PF]) in the Clinical
Report Form, and asked the patient to give his or her
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Table 1. Patients’ Characteristics at Time of Injection.

Gender: n (%)

Female 33 (64.7)
Male 18 (35.3)
Age (years)
Mean 65
Standard deviation 12
Minimum 22
Maximum 90
Median 65
Weight (kg)
Mean 72.8
Standard deviation 16.3
Minimum 45
Maximum 28
Median 70
Body mass index (kg/m?)
Mean 26.1
Standard deviation 5.6
Minimum 18.3
Maximum 42.8
Median 24.5

self-assessment of the DE of the treatment (DE = number
of weeks during which the previous VS was effective).
The Felson-modified Kellgren-Lawrence (K-L) score?!
was assessed, by a single experienced observer, on the
radiological view (i.e., standing anteroposterior, lateral,
Lyon-Schuss, patella skyline views),*> highlighting the
most severe lesions.

Outcomes

The primary criterion was the DE, measured in weeks of
effectiveness, of VS, self-assessed by the patients. The
question asked to the patients was “How long was the treat-
ment effective?” The potential explanatory variables of DE
were K-L score, radiological OA phenotype (medial or lat-
eral TF OA, PF OA, or both), age, BMI, and gender.

Statistics

A descriptive analysis of the collected data was performed.
Qualitative variables were described using frequencies.
Quantitative variables were described using mean values,
standard deviation (SD), and characteristics of their distri-
bution (minimum, maximum, and median). Univariate
analysis was performed using the chi-square test, Fischer’s
exact test, or the Mann-Whitney test, as appropriate. A mul-
tivariate regression analysis has taken into account factors
with a significant association at the 0.2 threshold in previ-
ous bivariate regressions. All the analyses were carried out
under R+ +© softwarel.4 (Zebrys SAS, Toulouse, France),
with the alpha threshold at 0.05.

Results

Among the 75 patients who had been treated with VS within
the last 3 years and who have consulted a physician in the
rheumatology department, between October 2021 and
February 2022, 51 fulfilled the inclusion criteria and were
included in the analysis. The other 24 subjects were unable
to reliably answer the questionnaire (» = 8), had no avail-
able knee radiograph (n = 4), were treated with another HA
product than HANOX-M-XL (n = 11), or had no evidence
of knee OA (n = 1). The included 33 female and 18 male
patients had a mean age of 66 *= 12 years and a mean BMI
of 26.1 (5.6). The patients’ characteristics are provided in
Table 1.

Seventy-six treated knees were analyzed. Radiologically,
the involved compartments were TF in 27 knees, PF in 14,
and both TF and PF in the remaining 35.

The K-L score was 1, 2, 3, and 4 in 3 (3.95%), 16 (21%)),
36 (47.4%), and 21 (27.6%) of the target knees, respec-
tively. The radiographic data are provided in Table 2.

The average time between VS and the present visit was
56 * 26 weeks. At the time of the visit, 65 patients (85.5%)
were still satisfied with the treatment. The average DE was
52.0 £ 24.7 weeks (range, 13-155 weeks). In the bivari-
ate analysis, despite a trend for a shorter DE in the most
advanced stages, DE was not significantly associated with
K-L grade (P = 0.12) (Figure 1). When K-L grades were
pooled into 2 groups (K-L 1 + 2 vs. 3 + 4), the mean DE
was 14 weeks longer in knees with K-L 1 + 2 (62.6
* 36.4 weeks) than in those with K-L 3 + 4 (48.9 =
18.6) (P = 0.03) despite the small sample sizes and the
wide range of results (13-155 weeks) (Figure 2). DE was
not significantly different in accordance with the involved
compartment(s), ranging from 55.6 £ 28.0 weeks for TF
OA to 48.5 £ 19.3 weeks for isolated PF OA (P = 0.63).
Among patients with KL 1 and 2, DE was much longer in
those with medial (81 weeks) than in those with lateral TF
OA or PF involvement 37 and 47 weeks, respectively
(Table 3). However, the very small number of patients with
lateral TF and PF OA does not allow relevant conclusions
to be drawn. Surprisingly, DE was significantly longer in
men than in women (60 = 31.4 vs. 47 = 16 weeks; P =
0.035). There was a trend for an inverse correlation between
DE and BMI, which was not statistically significant (F' =
—0.59; 50%; confidence interval [CI] [-1.41 to 0.22]; P =
0.15). Unsurprisingly, DE was significantly positively cor-
related with the time between the last VS and the present
visit (P < 0.0001). DE was not statistically different
between unilateral and bilateral knee OA (P = 0.56). There
was a significant relationship between age and K-L score
(P = 0.001) but only a trend between age and DE (P =
0.16).

In the multivariate analysis, including all variables
whose level of significance was <0.2 in bivariate analysis
(K-L grade, gender, age, and BMI), a longer DE was



Perruchet et al.

Table 2. Radiographic Features at the Date of Injection.

Knee Compartment(s) Involved Number (%) of Knees

Tibiofemoral 27 (35.5)
Patellofemoral 14 (18.5)
Tibiofemoral + patellofemoral 35 (46)
Kellgren-Lawrence Grade Number (%) of Knees
| 3 (3.95)
Il 16 (21.05)
1l 36 (47.4)
1\ 21 (27.6)

T T T T

1 2 3 4

Kellgren-Lawrence grade

Figure |. Duration of effectiveness (weeks) of | injection of
HANOX-M-XL according to the Kellgren-Lawrence radiological
grading scale (1-4).

associated (R?= 0.17, P = 0.009) with K-L grade 1-2 (vs.
3-4) (P = 0.007), with male gender (P = 0.02), and with
older age (P = 0.04) (Table 4).

Discussion

This study, carried out under real-life conditions, provides
additional information to the data available to date, which
comes mostly from prospective controlled or observational
studies. We have previously shown that the radiological
grade seriously impacted the chances of being a responder
to VS.28 This new trial focused on the duration of efficacy,
perceived by the patients themselves. Indeed, in current
practice, it is customary to ask the patient how long he felt
relieved, and if the pain has returned, for how long. In this
study, the influence of the radiological severity did not
appear so clearly. Indeed, although our results suggested a
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Duration of effectiveness (weeks)
K-L1+2 K-L3+4
Mean 62.7 48.9
SD 36.4 18.6
Min 34 13
1st quartile 42 39
Median 52 48
2™ quartile 58 52
Max 155 104

Figure 2. Duration of effectiveness (weeks) of | injection of
HANOX-M-XL according to the Kellgren-Lawrence radiological
grading scale (I + 2 vs. 3 + 4). K-L = Kellgren-Lawrence.

more sustainable effect in patients with mild knee OA com-
pared with those with moderate to severe radiographic OA,
the difference was only obtained in the multivariate analy-
sis, after adjustment for gender, age, and BMI. These find-
ings corroborate those of Altman efal,”® who found
significantly greater positive responses in all outcomes for
the patient subgroup classified as K-L grade 2, when com-
pared with K-L grade 3 patients. However, although the dif-
ference in DE between mild and moderate/severe OA was
approximately 3 months, one can wonder about the clinical
relevance of such results at the level of a given individual.
Indeed, DE, as perceived by the patients themselves, was
about 1 year at all x-ray stages, data that match with the
expected duration of such a mannitol-combined highly
cross-linked HA. On the other hand, the very large interin-
dividual variations, with DE ranging from a few months to
several years in all anatomical stages, make it difficult to
accurately predict DE in a particular individual, based
solely on plain x-ray data. Another interesting point to
underline is the absence of DE difference between K-L
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Table 3. Duration of Efficacy (Weeks) According to
Radiological Grade and Location of Joint Space Narrowing in
Patients with Knee Treated with HANOX-M-XL Intra-Articular
Injection.

K-L'I +2 K-L3 + 4

Medial tibiofemoral

Mean 8l 51.1

SD 57.7 13.9
Lateral tibiofemoral

Mean 37.0 49.8

SD 0 10.6
Patellofemoral

Mean 47.2 49.4

SD 10.8 18.9
Medial tibiofemoral and patellofemoral

Mean 76.0 51.6

SD 453 23.3
Lateral tibiofemoral and patellofemoral

Mean 52.0 427

SD 0 4.6

K-L = Kellgren and Lawrence modified by Felson.

Table 4. Multivariate Analysis Assessing Factors Associated
with the Duration of Effectiveness of | Injection of a
Sustained-Release Hyaluronic Acid (HANOX-M-XL) in Knee
Osteoarthritis (R2 =0.17, F = 3.64, P = 0.009).

Duration of Effectiveness

Variables Coefficient 95% ClI P Value

K-L grade -18.07 -31.0l to -5.14 0.0068

Gender: male vs. 13.25 2.05to 24.4 0.02
female

Age 0.528 0.03 to 1.02 0.038

BMI -0.29 -1.19to 0.59 0.51

K-L = Kellgren-Lawrence grade (I + 2) versus (3 + 4); Cl =
confidence interval; BMI = body mass index.
P values with statisically significance are written in bold.

grades 3 and 4. This may seem surprising, K-L 4 being
often considered as a contraindication to VS, except in
patients who cannot undergo surgery. The explanation is
probably that very symptomatic patients with severe radio-
logical knee OA are usually not treated with VS and are
referred to orthopedic surgeons for total knee arthroplasty.
It is likely that subjects with K-L grade 4, included in the
present study, were moderately symptomatic and did not
require short-term surgery. Furthermore, it has been sug-
gested that patients with more advanced K-L grade had a
better response with repeated series of IA-HA injections,?
and most of our patients had already received one or more
HA injections before entering the study. Another surprising
result is the shorter DE in women than in men, which was

found in both bivariate and multivariate analyses. One
might have assumed that this difference was due to the
higher frequency of TF and lateral PF involvement in
women than in men. However, we did not find any differ-
ence in DE related to the damaged compartment(s). Previous
studies did not show such a gender difference and we do not
have any explanation for this. As previously mentioned, PF
involvement, isolated or combined with TF damage, was
not found to be a risk factor of a shorter efficacy duration,
contrary to what we had observed in an earlier study.*
Contrary to what we have shown in a previous study pool-
ing 2 non-cross-linked viscosupplements,?® BMI and obe-
sity were not associated with a poorer outcome. This may
be due to a fairly low BMI (average, 26 kg/m?) and a small
number of obese subjects (12 out of 51). A weak but signifi-
cant correlation between age and DE, that was still present
in the multivariate analysis, was highlighted. The most
likely reason for this is lower physical activity in the elderly,
with less strain on the knees.

The main strength of this study is that it was carried out
under conditions of daily practice, and therefore testifies to
what happens in real life. Patients were not influenced by the
fact that they were participating in a study. All ages and all
x-ray stages were admitted and patients with numerous
comorbidities were not excluded. The decision to include
“self-assessment of DE by the patient” as a main criterion
was a pragmatic decision. Although the notion of efficacy is
subjective and varies from one subject to another, depending
on their expectations, it corresponds to clinical practice
where scores (i.e., Western Ontario and McMaster
Universities Arthritis score [WOMAC], Knee Injury and
Osteoarthritis Outcome [KOOS])* are rarely used in routine
consultation. On the other hand, efficacy is well correlated
with patient satisfaction and a decrease in the patient’s global
assessment and WOMAC score.*® The radiological criterion
(K-L score) is simple, easy, and quick to perform, with a
good intraobserver reproducibility.*> The fact that the study
was monocentric made it possible not to introduce any con-
founding factors, by the use of a single product (HANOX-
M-XL), injected according to the same injection protocol
(single intra-articular injection) and the same technique of
injection via a lateral mid-patellar route. Furthermore, the
use of the same radiographic views (standing anteroposte-
rior view, Lyon-Schuss view, profile view, and skyline view
of the patella) and a centralized single-observer reading of
the x-rays ensured good homogeneity of the scoring.

The study also suffers from several limitations. The
exclusive use of HANOX-M-XL makes it impossible to
extrapolate our results to other products/protocols, espe-
cially with non-cross-linked HA and/or using repeat injec-
tions. However, as HA products cannot be considered as a
class, but as medical devices that widely differ in terms of
rheological properties, molecular weight, concentration,
volume, and half-life,>* it seemed more appropriate to us
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to study only one HA product, the one most often used in
our department. A specific study will have to be carried
out to compare different products/dosing regimen/injec-
tion protocols.

In fact it is not so surprising that plain radiographs failed to
predict the outcome of VS. The standard radiographs, espe-
cially the Lyon-Schuss view, allows a good assessment of the
TF compartments* but frequently underestimates the severity
of knee OA,* particularly in the case of PF involvement, even
if radiographic skylines of the patellac were systematically
performed. Furthermore, K-L score is a fairly crude means for
assessing the anatomical severity of knee OA. It has been
shown to be positively associated with age and disease dura-
tion but not with pain and function scores.*® Not very sensitive
to change, it has the advantages of being simple, reproducible,
and quick to perform in routine consultation.

The main weakness of our study is the relatively small
sample size that limits the power of the analysis. The recruit-
ment stage is still in progress, with an objective of 300 knees
to be analyzed. The second limitation is the method of
recruitment. In most cases, patients are advised to come
back as soon as they start to suffer from their knee again. For
those who remain asymptomatic, an appointment is system-
atically scheduled 1 year after the injection. Finally, patients
at high risk of progression or very symptomatic at the time
of'the injection are called back 6 months after VS. Therefore,
there is a risk of underestimation of DE in subjects who were
seen before pain returned. Finally, patients who did not ben-
efit from the treatment probably did not come back and
chose another therapeutic option, like surgery or platelet-
rich plasma. On the other hand, some fully asymptomatic
patients probably did not return either and it is not possible
for us to count these 2 populations. To limit this bias, we are
in the habit, after each VS, of systematically calling patients
back 9 to 12 months after the injections and advising them to
come back sooner if pain reappears.

In conclusion, this study shows that, in patients with
knee OA who are not amenable to knee arthroplasty, a sin-
gle IA injection of a cross-linked sustained-release HA vis-
cosupplement can provide relief from knee pain for about a
year (or longer), regardless of the radiographic features.
Patients with K-L grades 1 and 2, men, and elderly patients
may benefit from treatment the longest, while the involved
knee compartments do not impact the clinical outcome.
This knowledge should encourage recommending VS, even
in certain patients with radiologically advanced knee OA,
as the treatment may provide them a long period of improve-
ment. These preliminary data need to be confirmed on a
larger sample of patients.
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