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Background: Knee osteoarthritis is a leading cause of disability worldwide. Symptoms can vary over time,
leading to episodes of worsened symptoms known as flares. Intra-articular injection of hyaluronic acid
has demonstrated long-term symptomatic relief in the broader knee osteoarthritis population, although
its use in the flare population has not been extensively examined.

Key words: Objective: To assess the efficacy and safety of 3 once-weekly intra-articular injections of hylan G-F 20 (as
hyaluronic acid single and repeat courses) in patients with chronic knee osteoarthritis, including a subpopulation that
hylan G-F 20 experienced flare.
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Methods: Prospective randomized controlled, evaluator- and patient-blinded, multicenter trial with 2
phases: hylan G-F 20 vs arthrocentesis only (control) and 2 courses vs single-course hylan G-F 20. Pri-
mary outcomes were visual analog scale (0-100 mm) pain scores. Secondary outcomes included safety
and synovial fluid analysis.
Results: Ninety-four patients (104 knees) were enrolled in Phase I, with 31 knees representing flare pa-
tients. Seventy-six patients (82 knees) were enrolled in Phase II. Long-term follow-up was 26 to 34 weeks.
In flare patients, hylan G-F 20 showed significantly more improvement than the controls for all primary
outcomes except pain at night (P=0.063). Both 1 and 2 courses of hylan G-F 20 showed significant im-
provements from baseline for primary outcomes with no differences in efficacy between groups in the
intention-to-treat population at the end of Phase II. Two courses of hylan G-F 20 showed better improve-
ment in pain with motion (P=0.0471) at long-term follow-up. No general side effects were reported, and
local reactions (pain/swelling of the injected joint) resolved within 1 to 2 weeks. Hylan G-F 20 was also
associated with reduced effusion volume and protein concentration.
Conclusions: Hylan G-F 20 significantly improves pain scores vs arthrocentesis in flare patients with no
safety concerns. A repeat course of hylan G-F 20 was found to be well tolerated and efficacious.
© 2023 Sanofi. 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/)

Introduction commonly affected joint is the knee.2* Globally, hip and knee os-

teoarthritis (KOA) combined were ranked as the 11th highest con-

Osteoarthritis is a chronic degenerative condition characterized
by the loss of joint cartilage and is among the leading causes of
pain, disability, and lower quality of life worldwide.'> The most

* Address correspondence to: Yili Huang, DO, Zucker School of Medicine at Hofs-
tra/Northwell, Northwell Phelps Hospital, 701 N Broadway, Sleepy Hollow, NY 10591
E-mail address: yhuang3@northwell.edu (Y. Huang).

https://doi.org/10.1016/j.curtheres.2023.100707

tributor to global disability and 38th highest in disability-adjusted
life years of 291 conditions.? The lifetime risk of symptomatic KOA
has been estimated to be 44.7%, which is increased in individu-
als with a history of knee injury and increasing body mass in-
dex.® Because increasing age is also associated with an increased
risk of KOA, it is expected that the prevalence of KOA will con-
tinue to rise with the greater life expectancy of the general pop-
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ulation and increasing prevalence of greater body mass index and
obesity.>4>-7-9 KOA is also associated with a substantial socioeco-
nomic burden; currently, it is estimated that KOA has an annual
total cost of more than $27 billion.> 1

Symptoms of KOA can vary over time, with periods of stability
followed by temporary episodes of increased pain, stiffness, and
swelling; these transient episodes of worsened symptoms are gen-
erally known as flares, although there has been a range of defi-
nitions of flare used in the literature."’-'* About 25% to 30% of
patients with KOA experience these fluctuations in their symp-
toms, and the occurrence of KOA flares has been estimated at
2.4 episodes per person per year.'!:'>16 The duration of a flare
is unpredictable because it can last minutes, hours, days, or even
weeks.!2'17 Patients experiencing a KOA flare will often seek medi-
cal care because these episodes significantly influence their daily
activities, sleep, and concentration; however, currently, little is
known about managing KOA flares, likely due to the lack of avail-
able research on this topic.!!-17-20

The prevalence of total knee replacement surgery, which should
be delayed as long as possible and reserved for those with end-
stage disease, is also on the rise, and there has been a shift toward
operating on patients at younger ages.>2! Intra-articular (IA) injec-
tion of hyaluronic acid (HA) has become a nonoperative option for
patients who have failed first-line pharmacological therapy, do not
have a surgical indication, or do not want to undergo invasive pro-
cedures or surgery.!>2-24 |A HA may also delay the need for total
knee replacement surgery.2*:25-26 Proposed mechanism of actions
of exogenous HA, a molecule found naturally within the knee joint,
include viscosupplementation of the joint (ie, lubrication and shock
absorption), the production of endogenous HA, and subchondral,
anti-inflammatory, and analgesic effects.?>:2>:27 For patients with
a flare, nonsteroidal anti-inflammatory drugs (NSAIDs), corticos-
teroids, or opioids may be used as pharmacologic options to man-
age their symptoms; however, their beneficial effects are usually
only short-term or may be inappropriate for some patients, and
each of these therapies is associated with certain adverse events
(AEs).11.24.25.28-36 NSAIDs are associated with an increased risk of
cardiovascular and gastrointestinal events.??-34:37-40 Long-term use
of corticosteroids can cause nerve damage and thinning of carti-
lage.1:33.35 Opioid therapy can lead to addiction and AEs following
their use, including nausea, vomiting, constipation, urinary reten-
tion, and respiratory depression.*’~*> HA has demonstrated more
favorable long-term symptomatic relief in the broader KOA patient
population, although its use in the flare population has not been
extensively examined.23:2>.28.32

Several HA therapies are available and vary in their charac-
teristics, such as molecular weight and cross-linkage.!:2’ Prior re-
search has shown that higher molecular weight and crosslinked
HAs are associated with improved patient outcomes relative to
lower molecular weight and non-crosslinked products.!-#445 For
example, hylan G-F 20 (Synvisc; Sanofi, Bridgewater, New Jersey) is
a high molecular weight (6000 kilodaltons), crosslinked HA prod-
uct that is injected into the knee once weekly for 3 consecutive
weeks (a single injection regimen, Synvisc-One [Sanofi], is also
available).*6:47 This study aimed to assess the efficacy and safety
of 3 once-weekly IA injections of hylan G-F 20 (as a single course
and repeat courses) in patients with chronic KOA, including a sub-
population who experienced flare during a 4-week no-treatment
period.

Methods
Eligibility criteria

The study’s detailed inclusion and exclusion criteria are pro-
vided in Appendix A (see the online version at doi:10.1016/j.
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curtheres.2023.100707). Male and female adults (aged 18 years or
older) with chronic idiopathic KOA were eligible for this study. Pa-
tients with grade I KOA or grade IV KOA in all 3 knee compart-
ments were excluded.

Study design

This prospective, randomized, parallel, controlled, evaluator-
and patient-blinded, 2-phase, multicenter study included patients
with chronic idiopathic KOA who were taken off all NSAIDs and
steroidal drugs for 4 weeks before treatment. Patients were en-
rolled from 6 participating investigational sites within the United
States. The study design of the trial is provided in Figure 1.

No-treatment period and flare population

The 4-week washout was performed to identify patients whose
pain worsened (ie, flare) while they were off NSAIDs. For this
study, patients with flare were identified during this no-treatment
period based on a patient’s self-evaluation of pain on motion
(walking) and pain at rest at Weeks 0 and 4. Patients whose pain
level increased by 20 mm or more on the 0 to 100 mm visual ana-
log scale (VAS) for either pain on motion or resting pain were con-
sidered flare patients. The flare population was enrolled as a subset
of the intention-to-treat (ITT) population. After the no-treatment
period, the rest of the study was conducted over 2 phases.

Treatment details

Patients randomized to the treatment group received 3 2-mL IA
injections of hylan G-F 20 at weekly intervals, and patients ran-
domized to the control group received arthrocentesis once weekly
for 3 weeks. Hylan G-F 20 is a highly purified and chemically mod-
ified hyaluronan from an avian source containing a small amount
of protein. Arthrocentesis involved the insertion of a needle at-
tached to an empty sterile 2-mL glass syringe and was performed
on all patients (treatment and control group) at each injection
visit, before hylan G-F 20 administration in the treatment group,
to remove any fluid in the joint.

Phase I (1 hylan G-F 20 treatment period)

Phase I, a controlled, randomized, evaluator- and patient-
blinded investigation, was initiated after the 4-week no-treatment
period where patients were assigned 1:1 to either the treatment
(3 arthrocentesis followed by hylan G-F 20 injection [2 mL] 1 week
apart) or control (3 arthrocentesis 1 week apart) via a computer-
generated blocked randomization scheme. Sealed numbered en-
velopes with the assigned treatment group were given to the treat-
ing physician. The physician followed the sequentially numbered
envelopes as patients who met the eligibility criteria entered the
study. The physician was instructed not to open the envelope until
just before the patient received treatment. Each knee was random-
ized separately and independently followed for patients with bilat-
eral KOA. The physician was instructed to remove all fluid (normal
volume or effusion) at the time of arthrocentesis (control) and be-
fore hylan G-F 20 was injected (treatment). Phase I took place over
Weeks 4 to 10, with study follow-up visits at each injection visit
(ie, Weeks 4-6) and every 2 weeks (ie, Weeks 8 and 10) after that.

Phase II (2-course hylan G-F 20 treatments)

Patients completing Phase I were eligible to participate in Phase
Il of the study. At the start of the second phase, patients in the
treatment group were allowed to receive a repeat course of hylan
G-F 20 at the same injection regimen as in phase I (ie, 3 once-
weekly injections), and patients in the control group could receive
their first course of hylan G-F 20 injections; patients could enter
Phase II any time between Week 10 and Week 18. Phase II pa-
tients were observed for another 8 weeks after injection, meaning
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Figure 1. Study design of the 2-phase randomized controlled trial. ITT = intention-to-treat; n=number of knees.

that patients could be followed for 18 to 26 weeks throughout the
study. In addition, patients were requested to participate in a long-
term follow-up program that involved another study visit between
26 and 34 weeks. This study design permitted the safety evalua-
tion of a second treatment following the first treatment.

Blinding

Patients and evaluators were blinded throughout the study;
however, physicians administering the injections were not blinded.
Blinding was assured by administering the IA injections behind a
screen to obscure observation by the patient. The evaluation of pa-
tients was done by a member of the investigational staff who was
not aware of the patients’ treatment group assignment. No com-
munication was permitted between the evaluator and the treat-
ing physician concerning any aspect of the study. Patient- and
evaluator-blinding was maintained throughout both phases of the
study because only the treating physician was aware that all pa-
tients in Phase II would receive hylan G-F 20.

Outcomes

Efficacy
The primary efficacy outcomes were patient-reported pain mea-
sures:

« Pain at rest (VAS),

« Pain with motion (VAS),

+ Pain while walking (VAS),

« Pain at night waking patient (VAS),

« Overall arthritis pain assessment (VAS), and

« Categorical grading (>50% improvement on VAS).

Improvements in VAS pain outcomes were compared with a
minimal clinically important improvement of 20 mm.*8-5! Patients
were given diaries and asked to track pain status and medications
at baseline and subsequent visits.

Safety

At each study visit, patients were evaluated and questioned re-
garding current or between-treatment AEs. All AEs were recorded,
which included the investigator’s assessment of the relationship of
the AE to the test device, whether or not remedial treatment was
required, whether or not there were sequelae, the nature of such

sequelae, and whether or not treatment discontinuation was re-
quired. AEs considered serious or life-threatening by the investiga-
tor were to be reported immediately to the study sponsor.

Synovial fluid analysis

Synovial fluid was collected to measure volume, hyaluronan
and protein concentration, average hyaluronan molecular weight,
hyaluronan molecular weight distribution, and rheology. For this
study, effusion was defined as fluid in the joint greater than nor-
mal volume (ie, >2 mL).

Statistical methods

Statistical analyses were conducted for the ITT population using
the last observation carried forward approach. The unit of analysis
was each knee to account for patients with bilateral KOA who re-
ceived hylan G-F 20 in 1 knee and control treatment in the other.
The least squares mean change from baseline VAS scores were cal-
culated and used to compare group outcomes. Data for continu-
ous outcomes are presented as the mean (SEM). Within-group im-
provements from baseline in VAS scores were analyzed using a
paired t test. Between-group improvements from baseline in VAS
scores were compared using a 1-way ANOVA. Finally, categorical
outcomes were analyzed using x2 analysis. Two-tailed tests with
an alpha level of 0.05 were used for all statistical analyses.

Sample size

The planned sample size of the study was based on the as-
sumption that at least 80% of the active treatment group, com-
pared with 50% of patients in the control group, would experience
a 25% improvement. This calculation was based on an alpha level
of 0.05 and a power level of 0.80. Thus, the required sample size
was 45 patients per group (or 90 patients total).

Ethics

Each patient’s written informed consent was obtained before
enrolment. The study was conducted in the United States under
IDE #G890108 according to Good Clinical Practice guidelines and
was approved by the institutional review board of each participat-
ing investigational site.
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Table 1
Patient characteristics of the intention-to-treat population.
Phase | Phase II
Parameter - - X .
Hylan G-F 20  Bilateral* single/double  Control Hylan G-F 20  Bilateral* single/double  Control
Sex'
Male 18 (38) 0 (0) 13 (30) 14 (40) 0 (0) 11 (29)
Female 29 (62) 4 (100) 30 (70) (60) 3 (100) 27 (71)
Age, y
Mean (SEM) 62 (2) 61 (6) 67 (2) 63 (2) 66 (5) 67 (2)
Median 63 63 67 65 69 67
Range 38-89 47-72 42-87 38-89 57-72 46-87
Height, in
Mean (SEM) 67 (1) 65 (1) 65 (1) 67 (1) 65 (2) 65 (1)
Median 66 65 65 66 64 65
Range 58-74 63-68 54-75 59-74 54-75 63-68
Weight, Ib
Mean (SEM) 196 (7) 203 (13) 182 (6) 194 (8) 209 (26) 182 (7)
Median 195 212 180 194 216 178
Range 105-400 165-224 110-290  105-400 162-250 110-290
Race’
White 42 (89) 4 (100) 36 (84) 32 (91) 3 (100) 32 (84)
Black 4(9) 0 (0) 7 (16) 2 (6) 0(0) 6 (16)
Other 1(2) 0 (0) 0 (0) 1(3) 0 (0) 0 (0)

* Indicates only those patients who received hylan G-F 20 in 1 knee and control in the other. All other bilaterally treated patients
received hylan G-F 20 or control in both knees and have been included in the appropriate treatment groups in the analysis.

T Values are presented as n (%).

Table 2
Joint characteristics of the intention-to-treat population.
Phase | Phase II
Parameter
Hylan G-F 20 Control Hylan G-F 20 Control
Disease duration
Years* 9 (1) 8 (1) 8 (1) 8 (1)
<1 year’ 3(6) 5(10) 2(5) 5(11)
1-5 years' 20 (38) 21 (40) 16 (42) 15 (39)
>5 years! 29 (56) 26 (50) 20 (53) 24 (55)
OA grade by compartment’
Medial
I 7 (13) 5(10) 3 (8) 3(7)
Il 17 (33) 18 (35) 16 (42) 16 (36)
111 23 (44) 21 (40) 17 (45) 18 (41)
v 5(10) 8(15) 2(5) 7 (16)
Lateral
I 18 (35) 21 (43) 14 (38) 16 (39)
Il 25 (49) 19 (39) 17 (46) 17 (41)
11 6 (12) 8(16) 5 (13) 7 (17)
v 2 (4) 1(2) 1(3) 1(2)
Patellofemoral
I 9 (17) 13 (25) 8(21) 10 (23)
Il 30 (58) 23 (44) 22 (58) 18 (41)
111 12 (23) 10 (19) 8 (21) 10 (23)
I\% 1(2) 6(12) 0(0) 6 (14)

OA = osteoarthritis.
* Values are presented as mean (SEM).
T Values are presented as n (%).

Results
Patient demographics

Between September 1990 and December 1992, 94 patients (104
knees) were enrolled in Phase I and included in the ITT analysis,
which included 31 knees (15 hylan G-F 20 and 16 controls) from
the flare population. Seventy-six patients (82 knees) were enrolled
in Phase I and included in the ITT analysis, in which 38 knees
received a second course of hylan G-F 20 and 44 received their
first course of hylan G-F 20. Patient and joint characteristics of the
ITT population are provided in Table 1 and Table 2, respectively.

Of the 104 patient knees in the ITT population, 99 completed
Phase 1. A total of 5 patients withdrew from the study prematurely
(2 hylan G-F 20 and 3 controls). The 2 patients who withdrew from
the hylan G-F 20 group had a total knee replacement. Of those who
withdrew from the control group, 1 developed severe pain in other
joints, 1 did not like the treatment, and 1 patient received steroids
to treat herpes zoster. Of the 82 knees that entered Phase II, 58
(24 2-courses of hylan G-F 20; 34 1-course of hylan G-F 20) com-
pleted the final evaluation of this phase. Reasons for withdrawal
from Phase II are provided in Appendix B (see the online version
at doi:10.1016/j.curtheres.2023.100707).

There were no significant differences in demographic parame-
ters other than the predominance of female vs male patients (P
<0.0001) and White vs Black/Other patients (P=0.0001).

Efficacy

Phase |
Flare population. At the end of Phase I, hylan G-F 20 patients
in the flare population improved significantly more than control
patients for all primary efficacy outcomes except pain at night
(Figure 2 and Supplemental Table 1 [see the online version at
doi:10.1016/j.curtheres.2023.100707]). For pain at night, the hylan
G-F 20 group improved twice as much as controls, but the P value
was 0.063. Notably, pain at night was significantly lower for hylan
G-F 20-treated patients at baseline than controls (P=0.020).
Additionally, a significantly greater proportion of patients in the
hylan G-F 20 group achieved >50% improvement on all primary
efficacy variables except pain while walking and overall arthritic
pain (Figure 3 and Supplemental Table 2 [see the online version
at doi:10.1016/j.curtheres.2023.100707]).

ITT population. The ITT population, which included the nonflare
population, did not demonstrate significant differences between
hylan G-F 20 and controls in the primary efficacy outcomes by the
end of Phase I (Figure 4 and Supplemental Table 3 [see the on-
line version at doi:10.1016/j.curtheres.2023.100707]), although the
improvement of most measures was greater in the hylan G-F 20
group than in the control group.
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Phase II

ITT population. At the end of Phase II (ie, the follow-up visit 6
weeks after the last hylan G-F 20 injection in Phase II), both the
single-course and 2-course hylan G-F 20 groups showed significant
improvements from baseline in the primary efficacy outcomes (P <
0.05 for all). Although no significant differences were observed be-

tween groups (Figure 5 and Supplemental Table 4 [see the online
version at doi:10.1016/j.curtheres.2023.100707]). Improvements in
the VAS across all efficacy outcomes ranged from 23 to 43 mm.
VAS improvements were significantly greater when the same group
of patients was treated with hylan G-F 20 in Phase II vs when they
were treated with arthrocentesis in Phase I. Pain reductions follow-
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ing arthrocentesis peaked after 2 weeks and regressed back toward
baseline values at subsequent visits, whereas pain scores following
hylan G-F 20 injections continued to decrease beyond 2 weeks.

Long-term follow-up

Among patients who returned for the long-term follow-up visit
(ie, between 26 and 34 weeks), repeat treatment with hylan G-F
20 (ie, a course of 3 injections twice) was found to more than dou-
ble the improvement in pain with motion compared with a single
course of hylan G-F 20 (40 vs 18 mm, respectively; P=0.0471). This
was significant (Figure 6 and Supplemental Table 5 [in the online
version at doi:10.1016/j.curtheres.2023.100707]). The average pain
scores were found to decrease further with the second course of
therapy, and the additive improvement was significant for the pri-
mary efficacy variables. Significantly more patients in the 2-course
hylan G-F 20 treatment groups improved by more than 50%.

Safety

Across both phases of this trial, 391 hylan G-F 20 injections
were administered to 96 knees of 88 patients (patients with bi-
lateral KOA could receive up to 9 injections) and were followed up
for 34 weeks. The time lag (from 4 to 12 weeks) between repeated
treatments also enables the evaluation of any potential danger due
to accumulation of residual hylan G-F 20 or any sensitization phe-
nomena. Most patients received 3 (49%) or 6 (41%) injections. No
general side effects or general systemic AEs were reported after

1 to 9 repeat injections. After hylan G-F 20 injection, local reac-
tions occurred in 14 patients and were all described as pain or
swelling of the injected joint, usually occurring 24 hours postinjec-
tion, which slowly disappeared within 1 to 2 weeks. Of the 14 AEs,
1 was related, 2 were unrelated, and 6 were not likely related to
hylan G-F 20; the remaining 5 had an unknown relationship. Five
patients discontinued therapy due to AEs in the injected joint, and
the remaining 9 patients completed the 3-injection therapy with-
out any further events. Seven AEs required analgesics, 6 required
arthrocentesis to remove excess fluid, and 1 patient experienced a
torn meniscus and surgery was recommended. All patients expe-
riencing local AEs recovered, and there were no sequelae. In the
control group, 1 general AE occurred during Phase I, described as
dizziness, which resolved without needing treatment or sequelae.

Synovial fluid analysis

In patients who had effusion at baseline, those randomized to
hylan G-F 20 showed a significantly greater reduction in effusion
volume compared with controls (improvement: 2.8 vs 0.09 mL;
P=0.024) (Figure 7 and Supplemental Table 6 [see the online ver-
sion at doi:10.1016/j.curtheres.2023.100707]). In patients who did
not have effusion at baseline, none of those randomized to hylan
G-F 20 developed effusion after treatment, whereas 18% of the con-
trol patients developed effusion by the first arthrocentesis of Phase
Il (P=0.048).
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Figure 7. Mean (SE) improvement from pretreatment to posttreatment in synovial
effusion volume.

Protein concentration of the synovial effusion also showed ben-
efits due to treatment with hylan G-F 20. At the end of Phase
I, protein concentration (SD) was slightly greater for the controls
(25.4 [2.5] mg/mL vs 23.9 [2.1 mg/mL]). By Phase II, the controls’
protein concentration (SD) had increased, whereas that of hylan G-
F 20 patients decreased (29.4 [1.6] mg/mL vs 23.6 [1.9] mg/mL).
This difference was significant (P=0.04).

Discussion

To our knowledge, this was the first study conducted (from
1990 to 1992) that compared the efficacy and safety of HA injec-
tions and arthrocentesis in patients with KOA. Phase I of this ran-
domized, evaluator- and patient-blinded, controlled trial demon-
strated that hylan G-F 20-treated flare patients had significantly
more favorable clinical improvement than the controls in all pri-
mary efficacy outcomes except pain at night (P=0.0637). However,
the VAS pain scores at night significantly differed between groups
at baseline (P=0.0200), where controls had significantly higher
baseline values than those in the hylan G-F 20 group (83 vs 67
mm, respectively). Categorical analysis of the primary efficacy out-
comes (patients with >50% improvement on VAS) also revealed a
greater treatment response with hylan G-F 20 relative to controls
in the flare population. AEs following hylan G-F 20 injections were
localized to the injected joint (ie, pain and swelling), and only 1 AE
was considered related to hylan G-F 20 by the investigator. In all
of the reported AEs, no symptoms indicating a local or generalized
hypersensitivity for hylan G-F 20 were observed. All patients expe-
riencing local AEs recovered within 1 to 2 weeks, and there were
no sequelae. These results demonstrate that viscosupplementation
with hylan G-F 20 provides effective pain relief and is well tol-
erated when anti-inflammatory medications are ineffective or dis-
continued in the flare population. Additionally, relative to an mini-
mal clinically important improvement of 20 mm on the VAS, mean
improvements across all pain scores following hylan G-F 20 were
also clinically significant; average pain reductions among patients
in the flare population with arthrocentesis only were not clinically
meaningful, except for pain at night.

Although there were no significant differences in the primary
efficacy outcomes between hylan G-F 20 and controls in the ITT
population, the analysis revealed that arthrocentesis-only patients
started to show increased pain scores after the 2-week visit. In
contrast, hylan G-F 20 patients continued to show decreasing
scores. The short duration of Phase I of this trial (ie, 10 weeks) may
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explain why the comparative effects between treatment groups in
the ITT population were not significant. Prior research has shown
that viscosupplementation with HA has a delayed therapeutic ef-
fect, and its peak effectiveness may not occur until 3 months
(ie, 12 to 13 weeks) postinjection.”?-5> Additionally, patients first
treated with arthrocentesis only showed significant improvements
following hylan G-F 20 injections. These findings suggest that the
injection procedure (ie, joint aspiration) provides symptomatic re-
lief in patients with KOA, but viscosupplementation with hylan G-
F 20 offers an additive therapeutic effect. Such conclusions have
been drawn in prior studies that examined the placebo effect asso-
ciated with IA injections.!#8:°6.57 A repeat course of hylan G-F 20
was also shown to be well tolerated and efficacious in Phase II of
this study. The average pain scores decreased further following the
second course of hylan G-F 20 therapy and were significant relative
to baseline at the study’s final follow-up (26-34 weeks), demon-
strating the long-term benefits of viscosupplementation with hylan
G-F 20.

This study also showed that hylan G-F 20 reduces effusion vol-
ume and protein concentration relative to arthrocentesis. Addition-
ally, hylan G-F 20 decreased the formation of effusion in patients
who already had effusion at the beginning of the study and sig-
nificantly prevented the formation of effusion in patients who did
not have effusion at the beginning of the study. These observations
suggest that viscosupplementation with hylan G-F 20 may help re-
store the normal physiology of the joint by restoring the rheologi-
cal homeostasis of the joint. It is also an important finding that in
this study, there was no difference in the pain-attenuating effect
of hylan G-F 20 in patients with effusion compared with patients
without effusion.

It is known that patients with chronic idiopathic osteoarthritis
experience periods with moderate to severe pain (flare) in the ear-
lier stage. As the disease progresses with time and with increasing
cartilage degeneration, the painful episodes become more frequent,
and the patient has fewer and shorter periods of remission of pain.
However, the optimal management of flare patients has not yet
been established.?’ Traditionally, these patients have been treated
with other pharmacological agents such as NSAIDs or corticos-
teroids, and a flare may have been considered a contraindication
to viscosupplementation.!!-24:25.30 The results of this study demon-
strated that hylan G-F 20 injections could provide another thera-
peutic option for this group, especially given the short-term ben-
efits and AEs associated with the other therapies.?®:29:31-35 There
were no AEs of general or systemic nature in this study that could
be attributed to hylan G-F 20 therapy. Only 1 of the local AEs was
considered related to hylan G-F 20 injection by the investigator,
and that reaction did not indicate a local or generalized hyper-
sensitivity. All other 13 AEs were considered to be unrelated to
treatment with hylan G-F 20 or of unknown origin. This is an im-
portant finding because cyclic flare in pain is common in patients
with early-stage KOA; some patients might not respond to anti-
inflammatory and analgesic medications or become nonadherent.
Clinical trial evidence on the flare population is limited, especially
regarding the use of HA in this population, which may be part of
the reason why viscosupplementation has not been endorsed for
flare patients historically.!’-17-18 Another issue with research on the
flare population is that the occurrence of a flare is still not fully
understood, and there is currently no consensus on its definition,
limiting comparability between trials examining this patient popu-
lation.'2-20

The results of this study are consistent with prior research on
hylan G-F 20 and repeat courses of viscosupplementation injec-
tions. A 2005 publication by Raynauld et al°® also showed signif-
icantly greater pain reductions for both single-course and repeat-
course hylan G-F 20 groups relative to controls, with no significant
difference between the hylan G-F 20 groups, at 12 months. Simi-
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larly, Chevalier et al*6 demonstrated that a single injection of hylan
G-F 20 was safe and effective relative to a placebo injection over 26
weeks and confirmed the safety of repeat hylan G-F 20 injections.
Lastly, a systematic review by Altman et al®® concluded that re-
peat courses of IA HA maintained or further improved pain reduc-
tion while introducing no increased safety risk. Additionally, ex-
pert committees have recently published guidance on retreatment
with HA. In 2017, the European Society for Clinical and Economic
Aspects of Osteoporosis and Osteoarthritis was the first group of
experts to recommend repeat HA injections in KOA patients who
had benefited from a previous treatment cycle after the recurrence
of symptoms.?’ In 2021, the European experts on osteoarthritis
supported this recommendation and recommended retreating pa-
tients with a high risk of KOA progression, young patients, and
those participating in a professional sport.6'-52 Such guidance from
stakeholders with expertise in treating KOA confirms that a repeat
course of viscosupplementation is a safe and effective strategy for
managing these patients in real-life practice. This study adds valu-
able data to the KOA evidence base, as the literature on this spe-
cific topic (ie, repeat HA injections) is scarce.®

A strength of this study was that it was a randomized, patient-
and evaluator-blinded controlled trial. Blinding is needed in clin-
ical trials to ensure validity and limit bias in assessing subjective
outcomes.5*6% The study also included a 4-week washout period
to prevent the effects of any prior therapies from carrying over
into the investigational period and to identify those flare patients
whose pain increased over this period. The VAS was used to eval-
uate efficacy in this trial, which is a valid, dependable, and fre-
quently used tool to measure pain in clinical trials.56-68

A limitation of this study was that the physician who adminis-
tered the injections was not blinded to treatment allocation; how-
ever, pain measures were patient-reported, the synovial fluid anal-
ysis involved objective outcomes, and safety was evaluated by a
separate individual who was blinded to treatment allocation, re-
ducing the potential for bias with regard to blinding. Patients with
bilateral KOA were also included in this study, and because each
knee was randomized to treatment, a patient could have 1 knee
assigned to each treatment group. This may lead to confounding
results, although the occurrence of such cases were few in this
study (4 patients had bilateral disease and had 1 knee randomized
to each group). Another limitation was that the flare population
represented a subgroup of the ITT population. Thus, the trial was
not adequately powered to analyze patients with flare. Addition-
ally, Phase I was limited by the short-term evaluation of efficacy
and, consequently, the extended no-treatment period.

This study was originally conducted 30 years ago. Among the
main reasons this trial’s results were not published earlier is that
the trial was conducted in parallel to several other clinical trials
on hylan G-F 20.59-7! It was in the investigator’s best interest then
to prioritize publishing the other trial results that were considered
more generalizable to this patient population. Specifically, this trial
focuses primarily on a subpopulation of flare patients, whereas the
other trials aimed to evaluate the efficacy and safety of hylan G-F
20 in all chronic KOA patients. Additionally, this trial used arthro-
centesis as a comparator, whereas the other trials used IA saline,
previously a more common and well-accepted comparator in KOA
research. Another limitation of this study is that it does not in-
clude a Consolidated Standards of Reporting Trials (CONSORT) pa-
tient flow diagram. CONSORT encompasses various initiatives de-
veloped by the CONSORT Group to mitigate issues that may arise
from inadequate reporting of randomized clinical trials. The 2010
CONSORT statement describes the standard practice for conduct-
ing and reporting on any randomized clinical trial.”> The reason
the CONSORT flow diagram could not be presented in the article
is related to the age of the study. Specifically, the original CON-
SORT statement, which included a 32-item checklist and a flow
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diagram, was not published until 1994,7> 2 years after the com-
pletion of this trial. It was not considered standard practice at
the time of the trial to report on important enrollment metrics
that are today’s gold standard of reporting. Likewise, it should be
noted that some aspects of trial methodology have evolved in this
area since then (eg, use of IA saline injections for comparisons),
although recent analyses confirmed the therapeutic effect of IA
saline placebo.*8:°6.74.75 However, this trial provides data on the
use of hylan G-F 20 in a flare population, data on patients who re-
ceived repeat hylan G-F 20 injections, data on effusion volume, and
data on synovial fluid analysis, which have so far not been well re-
ported. This study is also consistent with prior research on the use
of hylan G-F 20 in KOA.*6:69-71 Additionally, all research should be
available in the published literature regardless of their findings and
when they were conducted. These results can still inform treat-
ment decisions because study trial designs and the clinical practice
of treating patients with KOA have not drastically changed since
the end of this trial. The current study also provides a scientific
rationale to conduct further research in this area (eg, use of HA
in patients with flare, patients with knee effusion, and the clinical
value of repeat HA injections).

Conclusions

Hylan G-F 20 significantly improves pain scores compared with
arthrocentesis in a flare population with no safety concerns. Hylan
G-F 20 also results in significantly more favorable synovial fluid
outcomes among all patients with KOA (ie, the ITT population),
with a greater decrease of effusion volume relative to control pa-
tients treated with arthrocentesis only. In addition, a repeat course
of hylan G-F 20 was found to be more efficacious in pain relief rel-
ative to a single course of treatment.
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