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ABSTRACT

Introduction: The objective of this study was to
compare a single intra-articular injection of an
innovative high and low molecular weight
hyaluronic acid formulation (HA-HL) versus

placebo in treating moderate-to-severe symp-
tomatic knee osteoarthritis.
Methods: Subjects with primary osteoarthritis
knee pain (Kellgren and Lawrence grade 2–3)
were randomly assigned to intra-articular HA-
HL or placebo in a prospective, double-blind,
24-week study. The primary outcome variable
was change from screening to week 24 of a
Visual Analogue Scale (VAS) pain score. Sec-
ondary outcomes included Lequesne’s algo-
functional index, EuroQol 5-Dimension
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Faculté de Médecine Paris Descartes, Université de
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Questionnaire, 5-level version (EQ-5D-5L),
Outcome Measures in Arthritis Clinical Trials-
Osteoarthritis Research Society International
(OMERACT-OARSI) response and rescue medi-
cation usage.
Results: In a total of 692 randomized patients,
a rapid decrease was observed in mean VAS pain
score from baseline to week 1 (26 ± 24 mm in
the HA-HL group vs. 23 ± 23 mm in the pla-
cebo group); pain intensity continued to
decrease during 24 weeks of follow-up, reaching
a mean change from baseline of 35 ± 28 mm vs.
32 ± 27 mm at week 24. Mixed model analysis
demonstrated statistically significant differ-
ences between groups in favor of the HA-HL
group at weeks 1, 6, 12, and 24. HA-HL was also
more effective than placebo in improving
Lequesne’s algofunctional index, OMERACT-
OARSI response, and health-related quality of
life. The use of rescue medication (paracetamol
500 mg tablets; B 6 per day) was lower in the
HA-HL group. Both treatments were similarly
well tolerated.
Conclusions: A single intra-articular injection
of an innovative high and low molecular weight
hyaluronic acid formulation (HA-HL) is effec-
tive in providing fast, sustained, and clinically
relevant reductions in pain, functional limita-
tion, and health-related quality of life that were
apparent at 1 week after the intra-articular
injection and maintained throughout the
24-week follow-up in subjects with painful knee
osteoarthritis, with a good safety profile.
Trial Registration: ClinicalTrials.gov identifier:
NCT03200288.

Keywords: High and low molecular weight
hyaluronic (HA-HL); Hyaluronic acid; Intra-
articular; Knee; Osteoarthritis; Treatment

Key Summary Points

Why carry out this study?

The use of intra-articular administration of
hyaluronic acid is well established for the
relief of joint pain and to improve joint
function in knee osteoarthritis.

We conducted a prospective, double-
blind, 24-week study to compare a single
intra-articular injection of an innovative
high and low molecular weight
hyaluronic acid formulation (HA-HL)
versus placebo in treating moderate-to-
severe symptomatic knee osteoarthritis.

What was learned from the study?

A single intra-articular injection of high
and low molecular weight hyaluronic acid
is more effective than placebo in treating
the pain associated with moderate-to-
severe knee osteoarthritis. The clinically
relevant effects on pain, functionality,
and health-related quality of life are
quickly achieved and sustained
throughout 24 weeks of follow-up.

This study shows that a single intra-
articular injection of an innovative
formulation containing high and low
molecular weight hyaluronic acid is safe as
placebo with a similar incidence of
adverse events.

The single intra-articular administration
of this new hyaluronic acid formulation
represents a safe, effective, rapid, and
sustained therapeutic strategy that opens
new perspectives: improved adherence to
hyaluronic acid treatments; improved
safety because of the reduction in the
number of injections; and the
achievement of an onset of action similar
to corticosteroids, the substitution of
which would reduce the risk of steroid-
related adverse events.
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INTRODUCTION

Osteoarthritis (OA) of the knee is characterized
by chronic degeneration of the hyaline carti-
lage, meniscus, subchondral bone, and consec-
utive inflammation of the synovial membrane
and other tissues [1, 2]. Increasing pain, loss of
mobility, and the consequent loss of indepen-
dence as people get older or as knee OA pro-
gresses result in the substantial burden of
disability and impaired quality of life associated
with the disease [1, 3, 4]. The use of intra-ar-
ticular (i.a.) viscosupplementation with the
non-sulphated glycosaminoglycan hyaluronic
acid to relieve joint inflammation and pain and
improve joint function in knee OA is well
established [5–10], and included as a second-
line therapeutic modality in current evidence-
based treatment guidelines, consensus state-
ments, and decision algorithms [3, 10–17].

A single-injection i.a. administration of a
hyaluronic acid derivative able to maintain a
level of clinical performance at least similar, if
not superior, to that of other already approved
products administered as a series of weekly
injections, would represent a valuable thera-
peutic option for subjects with OA, while
reducing the potential risks associated with
multiple injections. An innovative formulation
for i.a. injection consisting of high and low
molecular weight hyaluronic acid (HA-HL) has
been developed to address potential issues of
hyaluronic acid concentration, injection vol-
ume, and viscosity. This new device injected
into the knee joint rapidly reduces pain and
allows for the re-establishment of the physio-
logical and rheological properties of affected
joints, with an expected final advantage for the
subjects in terms of the risk/benefit ratio [18].

The medical device was granted CE certifi-
cation in February 2015; it is marketed as
Sinovial� HL1 (IBSA) in Italy, the Czech
Republic, Slovak Republic, Switzerland, Hun-
gary, France, Poland, Albania, and Turkey, and
it is currently licensed for the management of
knee OA.

The objective of the current study was to
compare the safety and efficacy of one i.a.
injection of HA-HL with that of one i.a. injec-
tion of placebo in treating the primary clinical
symptoms of pain and functional capacity,
patient global status evaluation, and analgesic
consumption, in subjects with symptomatic
knee OA.

METHODS

Study Design

This was a 24-week, phase 3, multicenter, ran-
domized, double-blind, placebo-controlled,
parallel-group study (ClinicalTrials.gov identi-
fier NCT03200288) comparing the clinical per-
formance and safety of a single i.a. injection of
HA-HL with a single i.a. injection of placebo
(saline) in the treatment of pain in symptomatic
knee osteoarthritis.

Participants were recruited among outpatients
of public/private/university clinics and/or hospi-
tals in Belgium, Germany, Hungary, Italy, and
Poland. The trial protocol is available at https://
clinicaltrials.gov/ct2/show/NCT03200288.

The trial protocol was approved by the local
Ethical Committee of each participating site
and the National Regulatory Authorities of
Italy, according to the specific national regula-
tion. The full list of institutional review boards/
independent ethics committees that approved
this study can be found in the Supplementary
Material. The study coordinator was Prof. Jean
Yves Reginster, MD, PhD, of the University of
Liège, Liège, Belgium. The trial was conducted
in accordance with the Declaration of Helsinki
and its modifications, the rules of the Interna-
tional Conference on Harmonization (ICH)
Good Clinical Practices (GCP), and ISO 14155,
the European Union Council Directive 93/42/
EEC amended by 2007/47/EC, the MEDDEV 2.
12–1 rev. 6 and amendments, and all relevant
local legislation in force on the conduct of
clinical investigations with medical devices in
OA [19–28]. All patients provided written
informed consent. In addition, particular refer-
ence was made to the methodology described in
Kirchner et al. [29], a study of a new i.a. HA1 Other brand name: Intragel� HL.
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product already authorized in both Europe and
the USA.

A total of seven visits were performed
(Fig. 1). Visits consisted of screening (visit 0), a
baseline visit (visit 1), which included ran-
domization, and administration of i.a. HA-HL
or placebo. Follow-up visits were performed
after 7 days from treatment (week 1; visit 2); and
at weeks 6, 12, 18 and 24 (visits 3–6). Visit 6
(week 24) was the final visit and the end of the
study. An end of study/early termination visit
was performed within 2 weeks from the with-
drawal of any subject from the study.

A period of 24 weeks on-study (including
screening and post-treatment follow-up period)
was planned for each patient to ensure the long-
term evaluation of the treatment. For patients
who were taking analgesic/nonsteroidal anti-
inflammatory drugs (NSAIDs) at the time of the
screening, a wash-out period lasting five half-
lives of analgesic/NSAIDs was observed before
the baseline visit. During the study, rescue
medication (paracetamol 500 mg tablets pro-
vided by the sponsor of the study; B 6 per day)
was permitted in the case of unbearable pain at
the target knee or another condition requiring
analgesic therapy. Rescue medication was not
permitted during the 24-h preceding each visit.
The subjects were required to record daily con-
sumption of rescue medication in a diary and to
return totally used, partially used or unused
boxes at the next visit. Topical analgesics/
NSAIDs, topical corticosteroids, and non-phar-
macological therapy to joints other than the
target knee were allowed. Adverse events (AEs),
changes in concomitant medications, and
changes in lifestyle were checked and recorded
at each visit. Target knee assessments and global
assessments of status were performed, and the
level of treatment satisfaction and AEs recorded
at each visit.

Patient and Public Involvement

Patients were not involved in the design or
conduct of the study, development of out-
comes, or dissemination of study results.

Participants

Eligible participants were female and male sub-
jects C 40–80 years of age with primary knee
OA according to American College of Rheuma-
tology (ACR) criteria, with Kellgren and Lawr-
ence grade 2–3 radiographic evidence of OA
[30], symptoms of at least 3 months in duration,
and moderate-to-severe pain at inclusion.
Screening pain intensity in the target knee
measured by 100 mm Visual Analogue Scale
(VAS) was required to be C 40 mm VAS
(and B 20 mm in the contralateral knee) and
confirmed at randomization after wash-out
from analgesics/NSAIDs. Participants had to be
willing and able to comply with study proce-
dures, including usage of paracetamol (ac-
etaminophen) as the only analgesic. Key
exclusion criteria and prohibited concomitant
medications are summarized in Table 1.

Treatments and Randomization

Eligible subjects were randomized to a single i.a.
injection of HA-HL or placebo (buffered sterile
physiological saline solution). Subjects were
assigned sequentially into one of two parallel
treatment groups in a balanced 1:1 ratio within
each site using a computer-generated random-
ization list prepared by the Randomisation
Manager using validated SAS� software. A strict
protocol of data management, confidentiality,
and access to the randomization list was fol-
lowed. In addition to randomization, a number
of measures were taken to minimize bias. The
patients and the performance evaluator were
blinded to treatment group assignment and, in
recognition of the different viscosities of HA-HL
and the placebo solutions, the physician who
performed the injection (injector) was in all
instances different from the physician who
performed the efficacy and safety assessments
(evaluator) and never evaluated the clinical
status of patients or study parameters. Injectors
used the same gauge of needles for both injec-
tions. Both treatments were packaged identi-
cally in order to maintain blinding. Target knee
assessment was performed and recorded by the
evaluator, who was not present at any of the
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injections and was blinded to the study product
administration. The injector always performed
the injections but never evaluated the clinical
status of the patients or the study parameters.

The medical device was a sterile solution
containing 64 mg (32 mg of high and 32 mg of

low molecular weight) non-chemically modi-
fied hyaluronic acid sodium salt of biofermen-
tation origin per 2 ml of 3.2% buffered solution
in a 2.25 ml unit-dose syringe. The reference
therapy (placebo) was a sterile buffered physio-
logical solution with the same constituents, pH,

Fig. 1 Study design and subject disposition. The baseline
visit (randomization) was arranged after the screening visit
(visit 0). If a wash-out was not necessary, the patient could
be admitted to visit 1 (baseline) on the same day as the
screening visit, in which case attention had to be paid that
all the procedures/assessments foreseen at the baseline visit
were performed. The wash-out period was only needed if
patients were taking analgesics/NSAIDs. The per-protocol

(PP) population consisted of all patients in the intention-
to-treat (ITT) population who did not have any major
protocol violations. The PP population consisted of 341
patients in the HA-HL group and 340 in the placebo
group; six patients in the HA-HL group and five in the
placebo group had major protocol deviations, most
commonly intake of a prohibited medication (n = 5) or
violation of an exclusion criteria (n = 3)

Rheumatol Ther (2021) 8:1617–1636 1621



volume and osmolality, with the exception of
hyaluronic acid. The device manufacturer was
IBSA.

Treatment was administered as an i.a. injec-
tion at day 1 (baseline visit) into the synovial
space of the target knee. The treatments were
administered by a physician with knowledge
and experience in the assessment and manage-
ment of subjects with knee OA and performing
i.a. injections. The same standardized injection
technique for HA-HL and placebo recipients was
adopted at each site, according to the injecting
physician’s usual clinical practice, the subject’s
condition, and in accordance with the study
protocol. Pre-administration of topical or sub-
cutaneous local anesthetic was permitted.

Outcome Measures

The primary outcome variable was defined as
the change from screening to visit 6 (week 24)
of the VAS pain score calculated as a VAS mea-
sure ranging from 0 to 100 mm, where 0 repre-
sented no pain and 100 represented unbearable
pain. Secondary outcomes were assessed at 1, 6,
12, 18, and 24 weeks and included change from
baseline in Lequesne’s algofunctional index;
change from baseline in global status assessed
by subject using the EuroQol 5-Dimension
Questionnaire, 5-level version (EQ-5D-5L);
change from baseline in global status assessed
by the physician on a 5-point verbal Likert scale,
dichotomized to ‘Improvement’ and ‘No
change/Worsening’; overall response rate
according to Outcome Measures in Arthritis
Clinical Trials-Osteoarthritis Research Society
International (OMERACT-OARSI) criteria [31];
and rescue medication usage.

Safety outcomes included the incidence and
frequency of AEs and change from baseline in
vital signs and physical examination parame-
ters. The level of treatment satisfaction was
assessed by subject at baseline (within 15 min
after the i.a. injection), in 24 ± 1 h after the
injection, and at week 1 and week 6. AEs were
coded by system organ class (SOC) and pre-
ferred term using the Medical Dictionary for
Regulatory Activities (MedDRA)TM Version 21.1.

Statistical Methods

The sample size calculation was based on find-
ings from a prior registration study of HA knee
injection study (IBSA data on file) that showed a
13-week difference in pain score between trea-
ted and placebo groups of 6.39 mm (two-sided
p value, 0. 0374). Based on the normal distri-
bution with a two-sided alpha level of 0.05, a
power of 0.80 and a 1:1 ratio of treated to pla-
cebo patients, a total sample size of 606 patients
(303 assigned to treatment and 303 assigned to
placebo) was calculated to demonstrate superi-
ority. Considering a dropout rate up to 15%, a
sample size of 720 patients was initially pro-
posed. However, enrolment was stopped before
reaching the 720 enrolled patients, considering
the low dropout rate.

Analysis of the primary efficacy endpoint
was performed in the intent-to-treat (ITT) pop-
ulation, and sensitivity analyses were repeated
in the per-protocol (PP) population. The VAS
knee pain score was analyzed using a mixed
model for repeated measures approach, includ-
ing treatment*time interaction, site, treat-
ment*site interaction, baseline score, visit, and
treatment*visit. A first-order autoregressive
covariance structure was used. If the treat-
ment*site interaction term was not significant
(p[ 0.15), it was removed from the model. A set
of hierarchical analyses2 was derived from slices
based on visits to test the effect at each visit.
Analyses of available and imputed data were
performed separately for each visit on both
absolute and change from baseline data.

The safety analyses were performed in the
safety population (which coincided with the
ITT population). Hypothesis testing was carried
out at the two-sided a = 0.05 level when com-
paring subsequent assessment time points and/
or treatments. Descriptive statistics were pro-
vided for all variables by treatment group;
continuous variables were summarized by using
no., mean, median, standard deviation (SD) and
range; categorical variables were summarized by

2 European Medicines Agency ‘‘Points to Consider on
Multiplicity Issues in Clinical Trials’’ (CPMP/EWP/908/
99) and FDA fixed sequence method of the ‘‘Multiple
endpoints in Clinical Trials Guidance for Industry’’ draft
guidance, January 2017.
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using frequency distributions and percentages.
The statistical analyses were performed by an
independent consultant using SAS� Statistical
Analysis Software v 9.2 (SAS Institute, Cary, NC,
USA).

RESULTS

The study was conducted in 31 centers in five
European countries (one in Belgium, four in
Germany, six in Hungary, three in Italy, and 17
in Poland). The first subject was enrolled on the
June 29, 2017 and the last subject completed on
the October 30, 2018.

Subject Disposition

A total of 708 subjects were screened, and 692 of
them were randomized (HA-HL, n = 347; pla-
cebo, n = 345) and received a single i.a. injec-
tion per-protocol, while 16 subjects were not
randomized and were not treated. As the treat-
ment was administered at each of the investi-
gational sites by a qualified professional
(unblinded injector), compliance was 100%.
Subject disposition for the study is presented in
Fig. 1. The ITT and safety populations consisted
of 692 subjects (347 in the HA-HL group and
345 in the placebo group). Minor protocol
deviations led to some exclusions from the PP
population, which consisted of 681 subjects
(341 in the HA-HL group and 340 in the placebo
group).

Subject demographics at baseline are pre-
sented in Table 2. The average age was
63.7 years, and 67% of enrolled subjects were
females. There were no statistically significant
differences in baseline characteristics between
groups, including knee deviation, OA location,
Kellgren and Lawrence grade, and ACR criteria.
Approximately 60% of subjects in both groups
had radiographically confirmed Kellgren and
Lawrence grade 2 knee OA, and the remainder
grade 3. The mean time since diagnosis of knee
OA was 5.0 years in the HA-HL group and
4.8 years in the placebo group (p = 0.656). All
patients had knee pain and osteophytes, with
the majority of patients experiencing morning

Table 1 Summary of exclusion criteria

Secondary (post-traumatic) knee OA of the target and
non-target joints

Kellgren and Lawrence radiological grade 4 knee OA

Knee joint replacement/arthroplasty of the target knee
or arthroscopy, osteotomy, or surgery of the target
knee in the past 12 months

Significant injury to the target knee in the last 6 months

Body mass index (BMI) C 32 kg/m2

Any musculoskeletal condition affecting the target knee
that would impair proper clinical assessment

Symptomatic hip OA or other health condition
interfering with adequate study endpoints evaluation

Significant venous or lymphatic stasis

Systemic (oral or parenteral) or topical corticosteroids
at the target knee in the past 3 months or i.a.
corticosteroid treatment of the target knee in the past
3 months or the non-target knee or other joints in
the past 4 weeks

Topical anti-inflammatories and analgesics applied at
the target knee in the past 48 h

Viscosupplementation with HA or joint-lavage in the
target knee in the past year

Symptomatic slow-acting drugs for OA (SYSADOA)

Chronic or recurrent use of narcotics, analgesics or
NSAIDs or recent use of analgesics other than
paracetamol and NSAIDs

Recently initiated treatment with drugs having an
influence on pain

Anticoagulant therapy

Infection, skin diseases, other disease, or trauma in the
area of the injection site or joint

Allergy or hypersensitivity to hyaluronic acid or
paracetamol

Major surgery scheduled in the next 6 months

Participation in another clinical trial within the
preceding 3 months

Pregnant or breast-feeding women or lack of adequate
contraception

Rheumatol Ther (2021) 8:1617–1636 1623



stiffness and crepitus (83.5% and 83.0%,
respectively).

Overall, 273 subjects (78.7%) in the HA-HL
group and 274 (79.4%) in the placebo group
had C 1 concomitant medical condition
(p = 0.852). The most common conditions
included vascular disorders, metabolism and
nutrition disorders, and musculoskeletal
disorders.

A total of 663 subjects (95.5%), 336 (96.8%)
in the HA-HL group and 327 (94.8%) in the

placebo group, completed the study and 29
subjects (4.2%), 11 (3.2%) in the HA-HL group
and 18 (5.2%) in the placebo group, discontin-
ued the study because of voluntary withdrawal
or were lost to follow-up. Major protocol devi-
ations were reported in six subjects (1.7% of
ITT) in the HA-HL group and in five (1.5%) in
the placebo group, most commonly because of
intake of prohibited medication (five patients
overall) and violation of an exclusion criterion
(three patients overall).

Table 2 Baseline demographic and clinical characteristics (N = 692)

Characteristic HA-HL (N = 347) Placebo (N = 345) P value

Age, years 63.7 ± 8.7 63.8 ± 8.1 0.884

Range 41–80 42–80

Gender

Female 232 (66.9) 230 (66.7) 1.000

Male 115 (33.1) 115 (33.3)

BMI, kg/m2 28.2 ± 3.0 28.5 ± 2.9 0.255

Range 19.3–32.0 19.1–35.7

Target knee

Right 174 (50.1) 180 (52.2) 0.596

Left 173 (49.9) 165 (47.8)

Radiographic confirmation of clinical diagnosis 347 (100.0) 345 (100.0) 1.000

Radiographic stage (Kellgren and Lawrence)

Grade 2 (Minimal) 205 (59.1) 204 (59.1) 1.000

Grade 3 (Moderate) 142 (40.9) 141 (40.9)

Time since diagnosis of knee osteoarthritis, years 5.0 ± 5.2 4.8 ± 4.7 0.656

Range 0.0–30.6 0.0–24.7

Time from first symptoms, years 6.4 ± 5.8 6.6 ± 5.7 0.658

Range 0.2–30.6 0.3–37.6

VAS pain score of target knee, mm 63 ± 13 65 ± 14 0.187

Range 40–100 40–98

VAS pain score of the contralateral knee, mm 8 ± 6 8 ± 6 0.934

Range 0–20 0–20

Unless otherwise stated, data are n (%), mean ± standard deviation (SD), or range (min–max)
BMI body mass index, VAS Visual Analogue Scale (0–100 mm)
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Clinical Outcomes

VAS Pain Score
The mean VAS for pain decreased from baseline
to any post-baseline time point in both treat-
ment groups, with the decrease according to the
no-imputation method for the ITT population
(primary efficacy endpoint) greater in the HA-
HL group than with placebo at all post-baseline
time points, and significantly greater at any
time point with the exception of week 18
(Table 3).

Overall, there was a rapid decrease from
baseline to week 1 in mean VAS pain score
(26 ± 24 mm in the HA-HL group vs.
23 ± 23 mm in the placebo group); pain inten-
sity continued to decrease during 24 weeks of
follow-up, reaching a mean change from base-
line of 35 ± 28 mm versus 32 ± 27 mm at week
24.

Analysis of the primary endpoint using a
mixed model analysis with site*treatment
interaction term on changes in VAS pain score
in the ITT population confirmed that the
interaction between treatment and site term
was maintained (p = 0.001). Mixed model
analysis demonstrated statistically significant
differences between groups in favor of the HA-
HL group at weeks 1, 6, 12, and 24, whereas the
difference between groups at week 18 remained
borderline significant (difference 3.4 mm,
p = 0.051; Table 3 and Fig. 2).

The results of the VAS pain score in the PP
population and with the last observation carried
forward (LOCF) approach were consistent with
those observed with the no imputation method.
Further analysis using age, gender, and body
mass index (BMI) as terms found that neither
age, BMI, nor gender were confounding factors
in the response of subjects to HA-HL treatment

Table 3 Change in Visual Analogue Scale (VAS) knee pain score (no imputation method) over time in the ITT population
(N = 692)

HA-HL (N = 347) Placebo (N = 345) P value

No. Mean – SD Range No Mean – SD Range

Absolute levels, mm ± SD

Baseline 347 64 ± 13 40–100 345 65 ± 14 40–98 0.187

1 week 347 38 ± 22 40–100 345 42 ± 22 0–97 0.009

6 weeks 342 31 ± 22 0–89 343 36 ± 22 0–97 0.001

12 weeks 341 29 ± 23 0–95 336 34 ± 23 0–91 0.002

18 weeks 339 29 ± 24 0–91 330 32 ± 23 0–86 0.101

24 weeks 336 29 ± 24 0–94 327 33 ± 24 0–95 0.029

Change from baseline, mm ± SD

1 week 347 26 ± 24 - 22 to 90 345 23 ± 23 - 32 to 94 0.008

6 weeks 342 33 ± 25 - 26 to 90 343 28 ± 25 - 55 to 94 0.001

12 weeks 341 35 ± 25 - 43 to 92 336 30 ± 26 - 40 to 92 0.001

18 weeks 339 34 ± 26 - 39 to 92 330 32 ± 25 - 29 to 93 0.051

24 weeks 336 35 ± 28 - 52 to 92 327 32 ± 27 - 47 to 94 0.012

P values for absolute values are derived from the analysis of variance (ANOVA) model. P values for change from baseline are
derived from the mixed model analysis with site*treatment interaction term
ITT intention to treat, SD standard deviation, VAS visual analogue scale (0–100 mm)
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(data not shown). Similar results and statisti-
cally significant between-group differences at all
time points were shown when data were ana-
lyzed using a multiple imputation model (data
not shown), although the 18-week data did not
consistently demonstrate statistical superiority
of the experimental therapy.

Lequesne’s Algofunctional Index
The extent of decrease from baseline of the
mean score of the Lequesne’s algofunctional
index (with no imputation) was significantly
greater in the HA-HL group than in the placebo
group at any post-baseline time point (Table 4).

The results in the ITT population with the
LOCF approach were consistent with those seen
in the no imputation method, and the mixed
model analysis with site*treatment interaction
term showed statistically significant effects in
favor of the HA-HL for treatment, visit, baseline,

site and treatment*site interaction (all p
B 0.001), whereas the treatment*visit interac-
tion was not statistically significant (Fig. 3).

Health-Related Quality of Life
All components of the patient-assessed EQ-5D-
5L showed improvements over the treatment
period in both groups. The extent of the
increase from baseline mean EQ-5D-5L general
health VAS score was greater in the HA-HL
group than in the placebo group at any post-
baseline time point, and the comparison
between groups showed statistically significant
differences, in favor of the HA-HL group, in the
distribution of scores of each item of the EQ-5D-
5L 5-point verbal Likert scale (mobility prob-
lems, self-care problems, usual activities prob-
lems, pain and discomfort problems, and
anxiety problems) (Fig. 4).

Fig. 2 Visual Analogue Scale (VAS) pain reduction using a repeated measures mixed model analysis of covariance that
included factors for treatment, baseline, and site (scale of 0-best to 100-worst)
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Investigator’s Assessment of Global Status
The extent of the decrease of the mean score of
the investigator’s assessment of global status
was slightly greater in the HA-HL group than in
the placebo group at any post-baseline time
point, and the comparison between groups in
the distribution of scores of the investigator’s
assessment of global status (very good, good,
fair, poor, very poor) showed statistically sig-
nificant differences at any post-baseline time
point in favor of the HA-HL group compared to
the placebo group (Fig. 5).

Overall Response Rate
The percentage of patients with success
according to OMERACT-OARSI was significantly
higher in the HA-HL group than in the placebo
group at any post-baseline time point (except at
week 18) (Fig. 6).

Use of Rescue Medication
Approximately 75% of patients in both treat-
ment groups used at least one tablet of rescue
paracetamol in the overall 0 to 24-week follow-
up period. There was no statistically significant
difference between groups in the total amount
of rescue medication during weeks 0–24 of the
study (mean 84.9 vs. 73.4 tablets in the placebo
vs. HA-HL group, p = 0.271), or when evaluated
as number of tablets between visits or rescue
medication use at any time.

Safety and Tolerability

Overall, both treatments were well tolerated,
the safety and tolerability of HA-HL were similar
to that of placebo, and there were no changes
from baseline in vital signs or physical exami-
nation. A total of 845 post-treatment AEs were
reported in 187 subjects (53.9%) in the HA-HL

Table 4 Change in Lequesne Index score (no imputation method) over time in the ITT population (N = 692)

HA-HL (N = 347) Placebo (N = 345) P value

No Mean – SD Range No Mean – SD Range

Absolute levels, score ± SD

Baseline 347 11.4 ± 3.6 2– 22 345 11.6 ± 3.6 2– 21 0.45

1 week 347 8.7 ± 3.7 0– 20 345 9.6 ± 3.5 1– 20 0.001

6 weeks 342 7.7 ± 3.9 0– 18 343 8.8 ± 3.8 0– 20 \ 0.001

12 weeks 341 7.3 ± 4.0 0– 18 336 8.3 ± 4.0 0– 18 0.001

18 weeks 339 7.3 ± 3.9 0– 17 330 8.2 ± 4.1 0– 20 0.002

24 weeks 336 7.4 ± 4.1 0– 20 327 8.2 ± 4.3 0– 21 0.013

Change from baseline, score ± SD

1 week 347 2.7 ± 3.3 – 7 to 13 344 2.0 ± 2.8 – 6 to 11 \ 0.001

6 weeks 342 3.7 ± 3.8 – 6 to 16 342 2.7 ± 3.5 – 8 to 15 \ 0.001

12 weeks 341 4.1 ± 4.0 – 7 to 16 335 3.3 ± 3.8 – 5 to 17 \ 0.001

18 weeks 339 4.2 ± 3.9 – 6 to 16 329 3.4 ± 3.9 – 8 to 18 \ 0.001

24 weeks 336 4.1 ± 4.0 – 6 to 17 326 3.5 ± 4.2 – 8 to 18 \ 0.001

P values for absolute values are derived from the analysis of variance (ANOVA) model. P values for change from baseline are
derived from the mixed model analysis with site*treatment interaction term. The Lequesne Index score has a range of 0–24
points.
ITT intention to treat, SD standard deviation
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group and 703 post-treatment AEs were repor-
ted in 180 subjects (52.2%) in the placebo group
(p = 0.703) (Table 5). The most commonly
reported post-treatment AEs by preferred term
were: headache, with 79 subjects (22.8%) in the
HA-HL group and 74 (21.4%) in the placebo
group; arthralgia, with 52 subjects (15.0%) in
the HA-HL group and 51 (14.8%) in the placebo
group; and nasopharyngitis, with 40 subjects
(11.5%) in the HA-HL group and 39 (11.3%) in
the placebo group.

Fifteen post-treatment serious AEs (SAEs)
were reported in nine subjects (2.6%) in HA-HL
group and ten post-treatment SAEs were repor-
ted in nine subjects (2.6%) in the placebo group
(none was fatal). The difference between groups
was not statistically significant (p = 1.000).
None of the SAEs in either of the treatment
groups was treatment-related. Eleven post-
treatment AEs of severe intensity were reported
in seven subjects (2.0%) in HA-HL group and
two were reported in two subjects (0.6%) in the

placebo group. The difference between groups
was not statistically significant (p = 0.177)
(Table 5). Of the five treatment-related AEs
reported in five subjects (1.4%) in HA-HL group
and 13 treatment-related AEs reported in nine
subjects (2.6%) in the placebo group
(p = 0.296), most consisted of local injection
site reactions (injection site pain, rash, bruising,
and hypoesthesia).

Subjects in the HA-HL group had a signifi-
cantly higher level of satisfaction with treat-
ment than those in the placebo group after both
1 week and 6 weeks from treatment. At week 1,
194 patients (55.9%) in the HA-HL group and
171 (49.6%) in the placebo group were very or
extremely satisfied with the treatment, whereas
35 patients (10.1%) in the HA-HL group and 47
(13.6%) in the placebo group were not at all or
slightly satisfied with the treatment (p = 0.035).

At week 6, 179 patients (52.3%) in the HA-
HL group and 161 (47.3%) in the placebo group
were very or extremely satisfied with the

Fig. 3 Reduction in Lequesne algofunctional Index using a repeated measures mixed model analysis of covariance that
included factors for treatment, baseline, and site (scale of 0-best to 24-worst)

1628 Rheumatol Ther (2021) 8:1617–1636



treatment, whereas 38 patients (11.1%) in the
HA-HL group and 55 (16.2%) in the placebo
group were not at all or slightly satisfied with
the treatment (p = 0.039).

DISCUSSION

An effective conservative pharmacological
therapy able to provide pain relief and func-
tional amelioration in knee OA with a high-
dose, low-volume single injection would offer
advantages over conservative therapies for OA

Fig. 4 Change in EuroQol 5-Dimension Questionnaire, 5-level version (EQ-5D-5L) over time. *Analysis of covariance
model; p value\ 0.05. p values from Cochran–Mantel–Haenszel (CMH) test adjusted for baseline value
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Fig. 5 Investigator’s assessment of global status on a scale of 1-very good to 5-very poor

Fig. 6 Overall response rate according to the Outcome Measures in Arthritis Clinical Trials-Osteoarthritis Research Society
International (OMERACT-OARSI) criteria over time in the ITT population (N = 692)
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that require multiple injections, including bet-
ter patient compliance and a reduced risk of AEs
compared with NSAIDs [8]. This study showed
that a single i.a. knee injection of a high and
low molecular weight hyaluronic acid formula-
tion in patients with knee OA provided clinical
benefit that was evident from week 1 and sus-
tained for an extended period with excellent
tolerability.

The objective of this study was to evaluate
the clinical performance and the safety of the
hyaluronic acid formulation in the

symptomatic treatment of pain due to OA of the
knee, as compared to matched placebo. The two
treatment groups were well matched for demo-
graphic and other baseline characteristics,
including baseline VAS pain score, OA history,
and radiological assessments. The results of the
primary efficacy endpoint for the ITT popula-
tion, using a mixed model analysis with
site*treatment interaction showed that the
decrease of VAS for pain score from baseline to
any post-baseline time point was significantly
greater in the HA-HL group than in the placebo
group.

Several studies have investigated the efficacy
and safety of the high and lowmolecular weight
hyaluronic acid formulation (Sinovial� HL; HA-
HL) in OA. However, the present study involved
the largest number of patients. A randomized
controlled trial compared three i.a. injections of
HA-HL to platelet-rich plasma (PRP; 5.5 ml) in
48 professional soccer players with unilateral
pain not responsive to conservative treatment.
A good response was observed in both groups at
3, 6, and 12 months, whereas on intergroup
analysis, the HA-HL group showed a better
outcome at 3 and 6 months of follow-up com-
pared to PRP [18].

The efficacy of two i.a. injections of HA-HL
was also compared to two i.a. injections of high
molecular weight hyaluronic acid in patients
with a BMI[30 affected by Kellgren and
Lawrence grade[3 knee OA not responsive to
conservative treatments. The randomized con-
trolled trial involved 48 patients and showed
that treatment with HA-HL provided better
outcomes in term of pain reduction and func-
tion than high molecular weight HA [32].
Another study of 35 patients suffering from
radiologically confirmed symptomatic knee OA
reported that two i.a. injections of HA-HL
2 weeks apart provided good outcomes that
lasted over 6 months, with reduction of VAS
pain, Western Ontario and McMaster Universi-
ties Osteoarthritis Index (WOMAC) total score,
consumption of NSAIDs and improvement of
range of motion [33].

The HA-HL formulation has been utilized in
hip and hand OA with similar findings of effi-
cacy and safety. Abate and Salini enrolled 20
patients with moderate-to-severe hip OA; each

Table 5 Summary of adverse events in the safety popu-
lation (N = 692)

HA-HL
(N = 347)

Placebo
(N = 345)

P value

AEs

N 845 703

Treatment-related 5 13 –

Subjects 187 (53.9) 180 (52.2) 0.703

Treatment-related 5 (1.4) 9 (2.6) 0.296

SAEs

N 15 10

Subjects 9 (2.6) 9 (2.6) 1.00

Treatment-related 0 (0.0) 0 (0.0) –

Severe AEs

N 11 2

Subjects 7 (2.0) 2 (0.6) 0.177

Treatment-related 0 (0.0) 0 (0.0) –

AEs leading to study

discontinuation

N 3 1

Subjects 1 (0.3) 1 (0.3) 1.00

AEs leading to death

N 0 0

Subjects 0 (0.0) 0 (0.0) –

Unless otherwise stated, data are n (%)
AE adverse event, SAE serious adverse event
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patient received an i.a. ultrasound-guided
injection of HA-HL at baseline and after 40 days
[34]. VAS, Lequesne index, and Harris Hip score
were evaluated at 3 and 6 months. The data
collected were retrospectively compared with
those obtained in a cohort of 20 patients mat-
ched for sex, age, and severity of hip OA, treated
with high molecular weight hyaluronic acid.
The intra-group comparison showed a signifi-
cant improvement in clinical and functional
outcomes at 3 and 6 months in both cohorts,
while the infra-group comparison showed bet-
ter results in patients treated with HA-HL.

The high and low molecular weight formu-
lation of HA has also been suggested to be more
effective than triamcinolone in pain relief and
joint function improvement in hand OA, with a
rapid and persistent effect, providing a valid
alternative to steroids in the management of OA
of the trapeziometacarpal joint (TMJ) [35]. In
another small study in patients with TMJ OA,
the efficacy on pain and function was evident as
early as the first month and persisted at
6 months of follow-up [36].

This was the first study to explore the effi-
cacy of a single injection of the new HA-HL
formulation.

Hyaluronic acids do not generally have a
quick and simple analgesic effect, and their full
benefits may not be apparent until at least
4 weeks. Nevertheless, symptomatic relief after
a single i.a. injection of HA-HL was rapidly
achieved and the statistically significant
between-group differences in pain intensity in
favor of HA-HL in our study approached or
exceeded the 5 mm difference, which is con-
sidered clinically relevant for symptomatic
slow-acting drugs for OA (SYSADOA) [27], at
most time points, and was significantly in favor
of HA-HL at all time points, except for week 18,
when it reached only borderline significance.

The differences in mean VAS pain reductions
between the active treatment and placebo were
modest, and may not fully explain the potential
benefits of HA-HL in individuals with chronic
pain. For example, at the individual level, the
decrease in pain intensity from baseline was
greater than 30 mm at week 6 and all subse-
quent time points in the HA-HL group, a
decrease of more than 50% from study

inclusion. This difference can be considered
clinically relevant [37, 38]. Indeed, group mean
differences may obscure meaningful improve-
ments for individual patients, and the determi-
nation of clinical effectiveness should take into
consideration risks and benefits beyond the
provision of pain relief [37]. In the case of
hyaluronic acid, this includes potentially
delaying knee arthroplasty [17, 39]. Further-
more, the effect of placebo in OA, particularly
when given by injection, is well known [40],
and our control arm, i.a. injection of saline, is in
itself known to provide benefit in OA [41–43].
However, despite the ‘‘placebo response’’, the
decrease in pain intensity in our study was still
greater for patients treated with HA-HL. The
issue of what constitutes a proper placebo in
randomized controlled trials thus arises. Con-
sidering the evidence for the benefits of i.a.
saline injection, a sham injection as the control
arm may be necessary to reveal the real differ-
ences in efficacy for i.a. administration in OA
[44].

At all post-treatment time points, the HA-HL
treatment group was judged by the investigators
to have had a better outcome than the placebo
group, mostly due to a higher percentage of
patients with a score of good/very good in the
assessment of global status. In agreement with
the findings for the other efficacy variables,
OMERACT-OARSI success scores were more
favorable for HA-HL patients than those given
placebo at all time points, attaining statistical
significance at all but week 18.

Our findings further support the evidence
from network meta-analysis of randomized
controlled trials that i.a. HA decreases symp-
tomatic pain and/or improves physical function
in knee OA [45]. Furthermore, the post hoc
analyses of this study show that the effect size
for HA-HL for VAS pain intensity was in the
range of what is observed with NSAIDs until
week 12 [17], and was so until at least week 18
for the Lequesne’s Index, supporting a clinically
relevant effect size for i.a. HA-HL. In agreement
with the data of previous studies, HA-HL was as
safe as placebo; there were no treatment-related
SAEs and no changes from baseline in vital signs
and physical examination. Most of the treat-
ment-related AEs in both treatment groups

1632 Rheumatol Ther (2021) 8:1617–1636



consisted of local injection site reactions, and
there were no discontinuations related to HA-
HL.

In health research, the perspective of
patients is increasingly considered pivotal to
support the development, approval, and reim-
bursement of health interventions that best
meet the needs of patients. This approach has
been developed by a panel of experts from the
World Health Organization (WHO), the Euro-
pean Society for Clinical and Economic Aspects
of Osteoporosis, Osteoarthritis and Muscu-
loskeletal Diseases (ESCEO), the European
Medicines Agency (EMA), and the Outcomes
Measures in Rheumatology (OMERACT), among
others [46]. In our study, subjects given i.a. HA-
HL were generally more satisfied with their
treatment than those receiving the placebo,
principally due to a higher proportion charac-
terizing their response as ‘‘extremely’’ satisfying.
This result confirms the use of hyaluronic acid
in the management of OA, given the high
degree of patients’ satisfaction [47].

CONCLUSIONS

In conclusion, the results of the study have
shown that a single i.a. injection of an innova-
tive high and low molecular weight hyaluronic
acid formulation (HA-HL), was more effective
than placebo in treating the pain associated
with moderate-to-severe knee OA, resulting in
symptomatic relief that was apparent 1 week
after the i.a. injection and maintained
throughout the 24-week follow-up period.
Similar findings were observed for all secondary
outcome variables, and both treatments were
equally well tolerated, with the incidence of
adverse events indistinguishable between
groups.
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