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ABSTRACT

Introduction: Recently, a study showing the
non-inferiority of a single injection of sodium
hyaluronate plus sorbitol (Synolis VA�) com-
pared to hylan G-F20 (Synvisc-One�) over a
24-week period in patients with knee
osteoarthritis was published. The objective of
the present study is to assess if a short-term
response to a single injection of sodium hya-
luronate plus sorbitol can be maintained over a
6 month-period and if the maintenance of the
response to treatment is dependent on the
functional status at baseline.
Methods: Responders to treatment at days 28,
84, and 168 were evaluated according to the
responder criteria proposed by the OMERACT-
OARSI. The Western Ontario and McMaster
Universities Arthritis Index (WOMAC) was used
to assess functional status at baseline. All

analyses were adjusted for age, gender, BMI, and
baseline WOMAC total score using data from
the intention-to-treat (ITT) population.
Results: Out of the 96 patients included in the
study who were receiving Synolis VA�, 59.38%
were responders at day 28 according to the
OMERACT/OARSI responder criteria, 59.78% at
day 84, and 64.52% at day 168. Among the
responders at D28, the probability of being
responder at D84 and D168 was significantly
higher than among non-responders, with cor-
responding odds ratio (95% CI) of 2.85
(1.07–7.59) and 7.28 (2.53–20.93), respectively.
Patients with a poorer physical function at
baseline were more likely to respond to the
treatment at all time points, compared to those
with a better physical function (OR 3.74
[1.37–10.21]).
Conclusions: An early response of a single
injection of sodium hyaluronate plus sorbitol is
predictive of long-term response, up to
24 weeks. Patients with a poorer physical func-
tion may best benefit from the treatment.
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Key Summary Points

Daily knee osteoarthritis pain trajectories
are unstable in a substantial proportion of
patients, suggesting that a short-term
improvement with an intervention may
not be sustained over time.

There is therefore a need to understand
whether a short-term response to
treatment is maintained over time.

In the present study, we show that if a
patient responds within 1 month to a
single injection of sodium hyaluronate
plus sorbitol, prescribers can be confident
in the long term (up to 6 months).

For patients who do not respond in the
short term, the likelihood of a 6-month
response is limited and other treatment
options can be considered.

INTRODUCTION

The projected progressive aging of the popula-
tion in the next decades will increase the inci-
dence of osteoarthritis (OA), the most prevalent
form of arthritis that may strongly affect the
quality of life of patients. If it is not possible to
currently definitively cure the disease, clinicians
have interesting options to manage it. Recent
guidelines strongly emphasize the importance
to have a combination of pharmacological and
non-pharmacological therapies [1]. Among
pharmacological therapies, intra-articular hya-
luronic acid (IAHA) injections have been pro-
posed for many years [2]. An interesting review
by Altman et al. noted that 86% (19/22) of the
13 professional organizations and 8 global
agencies focusing on musculoskeletal disease
that published guidelines for IAHA were either
neutral or in favor of IAHA treatment for OA
knee pain [3]. When focusing on recent inter-
national guidelines, i.e., the European Society
for Clinical and Economic Aspects of

Osteoporosis and Osteoarthritis (ESCEO) and
the Osteoarthritis Research Society Interna-
tional (OARSI), they both consider IAHA as a
relevant option in the management of OA [1].
Of course, there is some heterogeneity between
trials, which highlights the importance of using
an IAHA product that has been thoroughly
investigated and has been shown to be effective
in a randomized controlled trial [4].

On the other hand, it is crucial for patients to
experience meaningful and sustained improve-
ment over an extended period. Indeed, because
the daily knee OA pain trajectories are unsta-
ble in almost half of the patients, as highlighted
in a recent systematic review [5], a short-term
improvement with an intervention may not be
sustainable over time. It is therefore necessary
to study whether a short-term response to
treatment is maintained over a longer period.

We have previously shown in a 6-month,
randomized, double-blinded trial the non-infe-
riority of one IAHA compared to another one
(i.e., one made of 80 mg hyaluronic acid and
160 mg sorbitol and the other made of 48 mg
hylan GF-20) in terms of pain and function
efficacy in patients with OA [6]. In this partic-
ular study, the response rate (i.e., using the
OMERACT-OARSI set of responder criteria) to
the IAHA made of HA and sorbitol was 79% at
the end of the study. From that study, we also
showed that the probability of a meaningful
response to IAHA was increased if administered
in patients with more impaired physical func-
tion at baseline [7]. The primary objective of the
present post hoc study was to investigate if a
short-term response to this IAHA can be main-
tained over a long-term period (i.e., 6 months).
Our secondary objective was to assess whether
the maintenance of the response to treatment
was dependent on the functional status at
baseline.

METHODS

This is a post hoc analysis of a previously pub-
lished randomized, double-blind trial, with
non-inferiority design, comparing a single
injection of sodium hyaluronate plus sorbitol
(Synolis VA�) to hylan G-F20 (Synvisc-One�),
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which demonstrated the non-inferiority of
Synolis VA� compared to Synvisc-One� [6]. The
trial was conducted in accordance with the
ethics principles of the Declaration of Helsinki.
It was approved and registered under no.
2017-A00034-49 to the ANSM, and ethical
approval was obtained from CPP Ile-de-France
VI. Ref: CPP/6-17-ID RCB: 2017-A00034-49.

The Previous Studies

The original study was a 24-week duration
study, with the main outcome results assessed
at days 28, 84, and 168. The Synolis VA� is a
viscosupplement containing 80 mg of hya-
luronic acid and 160 mg of sorbitol, while the
Synvisc-One� is made up of 48 mg hylan GF-20.
The exhaustive methodology of the initial trial
has been previously published elsewhere but
briefly, the original study included male and
female patients, aged between 45 and 80 years,
with radiologically confirmed knee OA,
according to the American College of Rheuma-
tology criteria. The primary end point was the
evolution of the Western Ontario and McMaster
Universities Arthritis Index (WOMAC) pain
index from day 0 (injection time) to day 168
(end of study). The secondary end points
included specific subscales of the WOMAC
index (i.e., pain, function, and stiffness) and
WOMAC total scores assessed at days 28, 84,
and 168. The number of responders to treat-
ment at days 28, 84, and 168 was also evaluated,
according to the responder criteria proposed by
the Osteoarthritis Research Society Interna-
tional (OARSI) Standing Committee for Clinical
Trials Response Criteria Initiative and the Out-
come Measures in Rheumatology (OMERACT),
the OMERACT-OARSI criteria. Further details
about methodological aspects of this study and
statistical analyses can be found in the pub-
lished manuscript [6].

Using data from the intention-to-treat (ITT)
population of that trial, defined as all random-
ized patients who received the single injection,
a response profile to Synolis VA� (n = 96
patients) was recently established [7]. Practi-
cally, the analyses demonstrated that a poorer
physical function at baseline was associated

with improvement in function at day 168, as
well as with a better response to the treatment
at the end of the study (day 168).

The Current Study

This study is a second post hoc analysis of the
Synolis VA� arm of the original randomized,
double-blind, non-inferiority trial. The analyses
were based on the same data as for the previous
responder profile analysis study, i.e., data of the
ITT population of the original trial, considering
the Synolis VA� arm only (n = 96 patients) [7].
Drawing on the findings of the previous
responder analysis study, the current study was
designed to answer two specific questions: (1)
Do responders to Synolis VA� at day 28 remain
responders at day 84, at day 168 or at both
times, compared to non-responders at day 28?
(2) Do patients with a more limited physical
function at baseline have a higher chance of
being responders at all time points (i.e., at D28,
D84, and D168), compared to those with a less
limited physical function at baseline?

We defined poorer (or more limited) versus
better (or less limited) physical function
according to a WOMAC function cut-off of 35,
based on findings from a recent publication by
MacKay et al. [8]. This was a systematic review
of estimates of the minimal clinically important
difference (MCID) and patient accept-
able symptom state (PASS) of the WOMAC
index, in patients who underwent total hip and
total knee replacement (TKR). In fact, this sys-
tematic review found that PASS cut-offs for TKR
ranged from 32.3 to 36.7 for WOMAC function.
We therefore considered the mean of these two
values, i.e., a WOMAC function score of 35, as
the cut-off point in the present analysis. We also
planned to use a second cut-off value, defined
relative to the value corresponding to the 10th
percentile of the baseline WOMAC function
(value = 18.76), as in our previous study [7]. We
wanted to compare the results obtained using
these two different cut-off values.
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Statistical Analysis

The STATA software (version 14.2, StataCorp
LLC. College Station, TX, USA) was used to
perform all statistical analyses. Bivariate and
multivariate logistic regression models were fit-
ted to assess the relationship between treatment
response status (yes/no) at D28 (‘exposure’) and
the response at D84 or D168, or at both time
points (yes/no; ‘outcomes’). For multivariate
models, the analyses were adjusted on the rele-
vant variables considered in our previous
responder profile analysis study, which was
based on these same data, i.e., age, gender, BMI,
and baseline WOMAC total score [7]. Bivariate
and multivariate logistic regression models were
also used to assess the association between
baseline physical function status (‘exposure’)
and treatment response at all time points (yes/
no; ‘outcome’). Statistical significance was set at
p\0.05. Odds ratios (OR) with 95% confidence
intervals (CI) were reported.

RESULTS

The main baseline demographic and clinical
characteristics of the ITT population of the trial
have been reported in our previous article
investigating the responder profile to the stud-
ied treatment [7]. The median age of the study
population was 64.5 years (IQR 58.0–72.0), with
the majority of patients being female (65.63%).
Among the 96 patients of the ITT population,
59.38% were responders at day 28 according to
the OMERACT/OARSI responder criteria. At
days 84 and 168 respectively, 59.78 and 64.52%
of the ITT population were responders to the
treatment (on a total of 92 and 93 with data
available, respectively).

Association Between Treatment Response
at D28 and the Responses at Other Time
Points

We sought to assess whether patients who were
responders to the treatment at day 28 (D28)
have a higher probability to remain responders
at day 84 (D84), at day 168 (D168), and at both

time-points (D84 and D168), compared to those
who were not responders at D28, even when
taking into account possible confounding fac-
tors. Our analyses showed that the odds of
being a responder at D84 and D168, and at both
time-points, in responders at D28, were signifi-
cantly higher than these odds in non-respon-
ders at D28 (Table 1). These associations remain
statistically significant, even after adjustment
for possible confounding factors (Table 1).

A total of 39 patients were non-responders at
D28. Among 35 of these patients, 40% (14
patients) became responders at D84 (of a total of
92 patients with full data at both time points).
At D168, 37.84% of 37 patients who were non-
responders at D28 became responders (93
patients with full data at both time points).
Finally, for 34 patients who were non-respon-
ders at D28, only 29.41% (ten patients) were
responders both at D84 and D168 (total, 90
patients). At the opposite, 67.86% of patients
who were responders at D28 were also respon-
ders, both at D84 and D168 (p = 0.000).

Association Between Baseline Physical
Function Status and Treatment Response
Over the Duration of the Trial

We sought to investigate whether being a
responder to the treatment at all time points
(i.e., at D28, D84, and D168) could also be
explained by the baseline physical function
status (poorer vs. better physical function).
Table 2 shows the results of the analyses con-
sidering a cut-off value for WOMAC function of
35. Using this cut-off value, our analyses
showed that patients with a poorer physical
function at baseline were more likely to respond
to the treatment at all time points, compared to
those with a better physical function (Table 2).
We also sought to conduct the same analysis,
this time, considering the cut-off value defined
relatively to the value corresponding to the
10th percentile for baseline WOMAC function
(value = 18.76), as in the previous study [7].
Unfortunately, there were insufficient data for
this analysis (one null value in the two-by-two
table).
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DISCUSSION

In our study, we observed that an early response
to a single injection of sodium hyaluronate plus
sorbitol is predictive of the long-term response
and that patients with a poorer physical func-
tion may benefit most from the treatment.

Predicting long-term improvement based on
an early improvement has rarely been investi-
gated, and to the best of our knowledge, never
with hyaluronic acid injection. There are little
data available for other treatments: studies
generally look at whether the early response at
the group level is maintained over time, but do
not take into account changes at the individual
level. However, the natural history of OA has
been shown to vary from patient to patient. For
example, a recent systematic review including
7747 patients with knee OA highlighted that in
the mid-term, the mean proportion of patients
with a trajectory of increasing or decreasing

pain was 6.7 and 7.9%, respectively [5]. Inter-
estingly, in the short term (i.e., 1 month), an
unstable pain trajectory (pain peaks for more
than 50% of the month) was observed in 40.5%
of the patients [5].

Regarding the prediction of the response to
the treatment, this study confirms our previous
study showing that a poorer physical function
at baseline was associated with a better response
to IAHA [7]. These results add to other evidence
suggesting that IAHA should not be used too
early in the development of OA or may be when
other treatment options have failed. Indeed, it
seems that a slightly more advanced form of OA
should best benefit from IAHA.

From a practical point of view (i.e., for the
clinician), all of these results highlight that we
can be confident in the long term (up to
6 months) if a patient responds within 1 month
to a single injection of sodium hyaluronate plus
sorbitol. For patients who do not respond in the

Table 1 Bivariate and multivariate analyses assessing the associations between treatment response at D28 (main inde-
pendent variable) and treatment response at other time points (yes/no)

Models for response at
D84

Models for response at
D168

Models for response at D84 and
D168

OR 95% CI OR 95% CI OR 95% CI

Bivariate modela 3.84 1.58–9.35 7.56 2.91–19.61 5.07 2.01–12.80

Multivariate modelb 2.85 1.07–7.59 7.28 2.53–20.93 4.77 1.70–13.40

aBivariate model with ‘‘response at D28’’ as independent variable
bAdjusted for age, gender, BMI, and baseline WOMAC total
WOMAC Western Ontario and McMaster Universities Arthritis Index

Table 2 Bivariate and multivariate analyses assessing the associations between baseline physical function status (WOMAC
function value C 35 vs. value\ 35) and treatment response at all time points (yes/no)

Variable Bivariate model (n = 90) Multivariate modela (n = 90)

OR 95% CI OR 95% CI

Baseline physical function status (poorer vs. better) 3.51 1.31–9.41 3.74 1.37–10.21

Age – – 1.00 0.95–1.05

Gender (female) – – 0.59 0.23–1.51

BMI – – 1.00 0.91–1.11

aModel adjusted for age, gender, and BMI
WOMAC Western Ontario and McMaster Universities Arthritis Index
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short term, the likelihood of a 6-month
response is limited and other treatment options
can be considered.

There are strengths and limitations to this
study. We used data from a randomized con-
trolled trial but we are limited by the duration
of the trial and the number of pain/function
were assessed during the study. More frequent
assessment would have provided a better
understanding of the natural history of OA after
IAHA. It should also be pointed out that some
concomitant medications for pain relief were
allowed during the trial and they were not taken
into account in this study. However, they were
kept to a minimum with, consequently, a
probable minimal impact on our results. On the
other hand, this is probably what would happen
in the real life of a patient after receiving IAHA.
Also, it is important to acknowledge the limi-
tation of our small sample size that may have
impacted the statistical power of our analysis
and should be taken into consideration when
interpreting the results. Future studies with
larger sample sizes are warranted to validate our
findings and enhance the generalizability of the
results. Finally, our results can only be carefully
extrapolated to other HA products since it has
been shown that HA efficacy varies widely
across preparations [9].

CONCLUSIONS

In conclusion, our results confirm the place of
IAHA in the management of OA, preferably in
patients with altered physical function. Our
results also highlight that the high response rate
to a single injection of sodium hyaluronate plus
sorbitol is maintained over time. More impor-
tantly, the likelihood of an individual patient
responding over a 6-month period is predicted
by their short-term response. Our results could
have a major impact on management strategies
for OA, but more data from other studies with
other treatments are needed before the results
of this study can be incorporated into various
guidelines.
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