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Abstract:
Objective:
To evaluate the efficacy and safety of initial and repeat treatment with hylan G-F 20 in patients with symptomatic osteoarthritis (OA)
of the knee.
Methods:
A prospective, multicenter, open-label study in adult patients with symptomatic knee OA (Kellgren-Lawrence grades I-III)
undergoing repeat (SC group) or initial (IC group) treatment courses (3 x 2 mL of hylan G-F 20 at weekly intervals) was conducted
with a maximum follow-up of 26 weeks. Reduction of pain using the Verbal Pain Questionnaire (VPQ) and Patient Global
Assessment (PTGA) scores, concomitant pain medications use, and adverse events (AEs) were evaluated.
Results:
A total of 842 patients were included (SC group, n=314; IC group, n=528), of whom 616 formed the intent-to-treat (ITT) population
(SC group, n=235; IC group, n=381). Of the 462 patients with follow-up at week 26, 311 (67.3%) were defined as responders. In the
ITT population, VPQ scores decreased significantly at 26 weeks (p<0.001) compared with baseline. VPQ and PTGA scores
decreased significantly (p<0.001) from baseline at all time points, without any significant changes in concomitant medication use.
Twenty-four treatment-related AEs (TEAEs) were reported in 2.9% of patients, with most being mild or moderate in intensity and
resolving without sequelae.
Conclusion:
Initial and repeat courses of hylan G-F 20 were effective with a favorable safety profile for knee OA. The large patient population
and the study’s pragmatic design suggest that these results could be replicated in routine clinical practice.
Keywords: Hyaluronan, Hyaluronic acid, Hylan, Knee, Osteoarthritis, Pain.

INTRODUCTION
Osteoarthritis (OA) is the most common joint disease [1, 2] characterized by chronic and progressive pain, morning
stiffness, and impaired function in the affected joint [3]. In addition to these symptoms, classic signs include crepitus,
restriction of movement, and bony enlargement [3]. OA of the knee could be attributed to several reasons, including a
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decrease in the elasticity and viscosity of synovial fluid [2, 4 - 6] because of a decrease in the average number of
hyaluronan (HA) molecules of normal molecular weight [4 - 7] and/or a reduction in the concentration of HA [5, 7],
especially as a result of exudation into the joint fluid [6, 7]. Loss of elastoviscosity reduces the ability of the synovial
fluid to provide protection, shock absorption, lubrication, and mechanical stability to the joint structures [6].
The primary goal of knee OA treatment is the alleviation of pain, leading to an improvement in joint function and
quality of life [2]. Treatment options for knee OA include conservative therapies (e.g., physical therapy, education,
weight loss), pharmacological therapies (e.g., simple analgesics, nonsteroidal anti-inflammatory drugs [NSAIDs]
including cyclo-oxygenase 2 inhibitors), intra-articular injections (e.g., corticosteroids, viscosupplements), and surgical
intervention (e.g., osteotomy, total knee replacement) [8, 9]. Although these treatments are typically applied in this
order, combination therapy may be more effective with few adverse events [7, 10].
Viscosupplementation addresses the degradation of HA in the synovial fluid of patients with OA by the addition of
exogenous HA, or its derivatives, into the affected joint via intra-articular (IA) injection [7, 11]. Viscosupplementation
with high-molecular-weight HA aims to increase the viscoelasticity of synovial fluid toward normal levels, decrease
pain, and improve the natural protective functions of synovial fluid in the joint [7]. High-molecular-weight, cross-linked
HA was shown to markedly increase viscoelasticity and decrease the shear rate in synovial fluid [11].
Viscosupplementation can be used safely and effectively along with other concomitant therapies to reduce OA pain
over the long term [10]. Alleviating knee OA pain can improve patient mobility [6].
The mode of action of HA is complex [12]. Its short-term effect is believed to be based, at least partially, on the
anti-hyperalgesic and anti-inflammatory effects of the elastoviscous fluid in the affected joint [12 - 14]. Over the long
term, the restoration of joint mobility due to relief of pain is thought to restore the trans-synovial flow and,
subsequently, the metabolic and rheologic homeostasis of the joint and either synthesising endogenous HA [6, 15],
preventing the degradation of HA, or both [6].
Clinical evidence shows that viscosupplementation with hylan G-F 20 (Synvisc™, Genzyme, Ridgefield, NJ), which
consists of hyaluronan derivatives (hylan A and hylan B) with repating disaccharide units of N-acetylaglucosamine and
sodium glucuronate (elasticity at 2.5 Hz, 1111 Pa; viscosity, 25 Pa) [16], provides symptomatic pain relief with a
favorable safety profile in patients with OA of the knee [17 - 27]. However, limited evidence exists to support repeat
courses of treatment [28, 29]. Therefore, we conducted a prospective, multicenter, open-label, pragmatic study to
evaluate the efficacy and safety of a second course of hylan G-F 20 in patients with symptomatic OA of the knee seen
in routine clinical practice in Germany. We also compared results with patients receiving an initial course of hylan G-F
20.
METHODS
Study Design
Of the 140 German orthopaedic physicians in their own practices who were asked to participate, 54 orthopaedic
physicians were able to enroll patients into 2 groups: one group (Second Course [SC] group) included patients
undergoing a second treatment cycle of hylan G-F 20, and another group (Initial Course [IC] group) included patients
undergoing a first treatment cycle of hylan G-F 20. The first treatment administered in the SC group was not evaluated
as part of the trial. For the IC group, the initial plan was to compare the initial course with a second course of therapy
(40% to 50% of patients had been expected to receive repeat treatment during the study period as warranted by a
recurrence of symptoms). However, because only 3 patients received repeat treatment treatment within the IC group,
this analyses were not performed.
Patient Population
To be eligible for this study, patients had to be adults (>18 years in age), appropriate for hylan G-F 20 to treat pain
associated with OA of the knee (per the product information [16]), have a diagnosis of symptomatic OA of the study
knee (a pain score of at least “mild” at baseline on the Verbal Pain Questionnaire [VPQ] and Kellgren-Lawrence grade
I-III), be ambulatory with an active lifestyle, and be in good general health. Additionally, to be eligible for enrollment
into the SC group, patients must have had a single previous hylan G-F 20 treatment cycle in the study knee more than 6
months prior to enrollment. Patients were allowed use of any concomitant pain medication and physical therapy when
needed.
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Exclusion criteria included any known contraindication to hylan G-F 20, joint infection or severe inflammation, skin
disease or infection in the area of the injection site, or evidence of venous or lymphatic stasis in the target leg. Patients
were excluded from the SC group if they had received treatment with a viscosupplement other than hylan G-F 20 at any
time, had received more than one prior hylan G-F 20 treatment cycle in the target knee, or had received hylan G-F 20
treatment in any joint other than the target knee. Patients were excluded from the IC group if they had received prior
treatment with any viscosupplement (including hylan G-F 20) at any time.
Eligible patients were divided into three populations for analysis: the intent-to-treat (ITT) population included all
enrolled patients who received a complete treatment cycle of hylan G-F 20; the per-protocol (PP) population included
all patients who received a full treatment course and completed the visit at week 26; and the safety population included
all patients who received at least one injection of hylan G-F 20.
Treatment Protocol
After screening, enrollment, and receipt of written informed consent, each patient’s medical history, demographic
data, and disease characteristics were recorded.
Hylan G-F 20 treatment was administered according to the manufacturer’s instructions; 3 weekly IA injections of 2
mL hylan G-F 20 (at baseline and at 2 subsequent weeks). Knee position and injection technique were at the discretion
of the treating physician and were recorded. If aspiration of synovial fluid was necessary prior to injection, the volume
and quality of the synovial fluid were recorded. Other routine treatment of the patients was not changed.
A follow-up visit was conducted 1 week after the third injection (week 4). Additional follow-up consultations were
performed by telephone at 12 and 26 weeks after the first injection.
Efficacy
The primary efficacy end point was the response of pain relief on the VPQ with hylan G-F 20 at 26 weeks compared
with baseline. Responders were defined as patients with a pain reduction of at least one category from baseline on the
VPQ. Secondary efficacy end points included the improvement in OA pain on the VPQ and the Patient Global
Assessment (PTGA) at all visits. Tertiary end points were the changes in VPQ, PTGA, and concomitant pain
medication use at each visit versus baseline.
The VPQ was completed by all patients at baseline, and at weeks 4, 12, and 26. Patients assessed OA pain in the
target knee during the last 48 hours on a 5-point scale (1=none; 2=mild; 3=moderate; 4=severe; and 5=extreme). For the
change in OA pain at weeks 4, 12 and 26, patients rated any change in their OA pain at the target knee after hylan G-F
20 treatment on a 5-point scale (1=much better; 2=better; 3=no change; 4=worse; and 5=much worse).
The PTGA was completed by all patients at baseline, and at weeks 4, 12, and 26. Patients were asked to rate their
overall well-being on a 5-point scale (1=very well; 2=well; 3=fair; 4=poor; and 5=very poor).
At weeks 4, 12, and 26, patients were asked to compare their usage of concomitant pain medications (e.g.,
paracetamol, NSAIDs) before and after treatment with hylan G-F 20 and to rate the change on a 4-point scale
(1=discontinued; 2=less; 3=no change; and 4=more).
Safety
Adverse event (AE) and serious adverse event (SAE) reports were collected and recorded from time of signature of
informed consent until study completion (second telephone interview [week 26] or study withdrawal) in the safety
population. Description, type, date, severity, relation (if any) to study treatment, and therapeutic measures used were
recorded. AEs were coded using the most recent MedDRA dictionary version available (Med-DRA Browser version
11.1).
Statistical Methods
A total sample size of 1060 patients (SC group, n=706; IC group, n=354) was required to determine the proportion
of patients with therapeutic success at week 26 (expected therapeutic success rate of 55% [a conservative estimate based
on clinical experience] with a precision rate of +/- 4%). With an expected dropout rate of 30%, approximately 1514
patients receiving a second injection (SDC group, n=1008; IC group, n=506) were required.
Categorical variables are presented as frequencies and percentages. Continuous variables are presented with
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descriptive statistics. Tests of significance were performed using the Wilcoxon test for non-normally distributed paired
samples (before/after per patient) and Bowker’s test for categorical data.
The efficacy analyses were performed on the ITT and PP populations. The primary endpoint was the change in pain
score (VPQ) at 26 weeks compared with baseline, analyzed using a two-sided CI for the proportion of responders at
week 26. Secondary analyses included the change in pain score (VPQ) from baseline to all other visits, and comparisons
from baseline of the PTGA, which were analyzed using the Wilcoxon test for non-normally distributed paired samples
(before/after per patient).
All AEs were recorded and summarized by preferred terms and by the number of patients. AEs were tabulated by
group and categorized by primary system organ class, preferred term, severity, and relationship to study treatment. If a
patient had the same AE on multiple occasions, then that AE was counted only once for that patient. SAEs were also
listed. The proportions of patients with target knee AEs were examined using a two-sided CI.
Stepwise backward logistic regression analyses were performed at baseline to identify predictive factors for
treatment success. The independent variables were sex, age, body mass index (BMI; underweight [<20 kg/m2], normal
[≥20 to <25 kg/m2], overweight [≥25 to <30 kg/m2], obese [≥30 to <40 kg/m2], and severely obese [≥40 kg/m2]), disease
severity, OA duration, disease location (right, left, or both knees), aspiration of synovial fluid (yes/no), injection
technique (medial or lateral), knee position (extended or flexed) at the first injection, and baseline VPQ score. Odds
ratios and 95% CI are presented with p-values for the various parameters.
Ethics
Written, informed consent was obtained from each patient prior to enrollment, and approval of the study design was
obtained from the appropriate ethics committee of the medical association Hessen.
RESULTS
Patient Disposition and Demographics
From March 2007 to March 2009, 54 physicians enrolled and gave at least one injection to a total of 842 patients
(safety population), from which 226 were considered screen failures (Fig. 1). The most common reasons for screening
failure were Kellgren-Lawrence disease severity not grade I-III or missing, absence of informed consent, asymptomatic
patient, and knee surgery after treatment (Fig. 1). The ITT population consisted of 616 patients and the PP population
consisted of 462 patients (Fig. 1). The difference between the ITT and PP populations was because of loss to follow-up
(i.e., no telephone interview available at week 26).
Screened
N=842

Screen failure (n=226)
Severity of OA K-L grade < I or > III
or missing
No pain at the start
Less than 3 injections
Not allowed previous treatment
Missing informed consent
Knee surgery

SC Group
FAS n=235
PP
n=161

IC Group
FAS n=381
PP
n=301

Overall
FAS n=616
PP
n=462

Fig. (1). Patient disposition. IC initial treatment, ITT intent to treat, PP per protocol, SC repeat treatment.

n=105

n=34
n=20
n=16
n=51
n=23
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Patient demographics are shown in Table 1. More female (61.4%) than male (39.6%) patients were enrolled into the
study overall, and the proportion of female patients was numerically higher in the IC group than in the SC group. In the
total population, the mean age was 66.0 years (SD 11.8); age between groups was comparable. Almost three out of four
patients (71.8%) were classified by BMI as overweight (≥25 to <30 kg/m2), obese (≥30 to <40 kg/m2), or severely obese
(≥40 kg/m2).
Table 1. Patient demographics at baseline (ITT population).
SC group (n=235)

IC group (n=381)

Total (N=616)

n

%

n

%

N

%

235

100

381

100

616

100

Male

99

42.1

139

36.5

238

38.6

Female

136

57.9

242

63.5

378

61.4

Age, years

232

98.7

380

99.7

612

99.4

<60

73

31.5

121

31.8

194

31.7

60–70

68

29.3

99

26.1

167

27.3

70–80

72

31.0

114

30.0

186

30.4

>80

19

8.2

46

12.1

65

10.6

BMI (kg/m2)

229

97.4

364

95.5

593

96.3

Underweight (<20)

1

0.4

6

1.6

7

1.2

Normal (≥20 to <25)

58

25.3

102

28.0

160

27.0

Overweight (≥25 to <30)

111

48.5

172

47.3

283

47.7

Obese (≥30 to <40)

53

23.1

76

20.9

129

21.8

Severely obese (≥40)

6

2.6

8

2.2

14

2.4

Knee OA location

232

98.7

375

98.4

607

98.5

Right

128

55.2

185

49.3

313

51.6

Left

79

34.1

162

43.2

241

39.7

Bilateral

25

10.8

28

7.5

53

8.7

Knee OA duration, years

232

98.7

375

98.4

607

98.5

<1

29

12.4

118

31.1

147

24.0

1-5

98

42.1

145

38.3

243

39.7

5-10

72

30.9

75

19.8

147

24.0

>10

34

14.6

41

10.8

75

12.3

Knee OA severity (Kellgren-Lawrence grade)

235

100

381

100

616

100

I

23

9.8

31

8.1

54

8.8

II

108

46.0

147

38.6

255

41.4

III

104

44.3

203

53.3

307

49.8

Sex

BMI body mass index; OA osteoarthritis.

The right knee was predominantly affected by OA, and mean disease duration was 4.9 years (SD 5.5). As expected,
mean disease duration was numerically longer in the SC group (5.9 years; SD 5.9) than in the IC group (4.2 years; SD
5.1). Half of patients (49.8%) were classified as Kellgren-Lawrence grade III disease severity, with 53.3% classified as
grade III in the IC group and 44.3% in the SC group.
Efficacy
Verbal Pain Questionnaire
The percentage of responders was the same for the ITT and PP populations, as those populations were similar at
week 26. Of the 462 patients in the PP population, 311 (67.3%; 95% CI, 63.0% to 71.6%) were defined as responders,
meaning that the pain score at week 26 was reduced by at least one category in the VPQ compared with baseline (Fig.
2). This proportion was numerically higher in the IC group (70.1%) than in the SC group (62.1%; Fig. 2). At earlier
weeks, the proportion of responders was higher overall and for each group than at week 26, and was numerically higher
for the IC group than the SC group (Fig. 2).
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100
81
80

78.4

82.6

Patients (%)

69.2

70.9

70.1

67.3

65.8

62.1

60
Overall

SC Group

40

IC Group
20

0
4

12

26

Week
Fig. (2). Proportion of patients responding at weeks 4, 12, and 26 in the total population, and in the initial course and second course
groups.

A statistically significant reduction in pain scores (VPQ) at 26 weeks was found (p<0.001) compared with baseline
in the ITT patient population. The mean overall VPQ score decreased significantly from 3.38 at baseline to 2.08 at week
4 (Fig. 3). Although the mean pain score then rose slowly over time, the mean VPQ score was still significantly lower
(2.33) at 26 weeks versus baseline (p<0.001). The differences in pain scores (VPQ) from baseline both overall and by
treatment group were significant at all visits.
5
Overall
SC Group

Mean VPQ score

4

IC Group

3

*

*

*

12

26

2

1

0
Baseline

4

Weeks

Fig. (3). Mean osteoarthritis pain scores (Verbal Pain Questionnaire; VPQ) over time in the intent-to-treat population (N=616).
*p<0.001, mean change in VPQ from baseline to weeks 4, 12, and 26, respectively.
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The proportions of patients within VPQ categories from baseline to week 26 are shown in Fig. (4). While all
patients had some pain at baseline, 23.8% did not have any pain 26 weeks after hylan G-F 20 treatment. Almost half of
patients (48.2%) rated their pain as severe or extreme at baseline while only 14.3% rated their pain that strongly at 26
weeks.

50
45
40

37.5
34.8

35
Patients, %

None
Mild
Moderate
Severe
Extreme

44

30

27.1

23.8

25
20
14.3

15

13.4

10
4.2

5

0

0.9

0
Baseline

Week 26

Fig. (4). Proportion of patients within osteoarthritis pain score (Verbal Pain Questionnaire; VPQ) categories over time in the intentto-treat population (N=616).

The mean PP population VPQ scores over time confirmed the results observed in the ITT population, with a
considerable decrease between baseline (3.41) and week 4 (2.07), followed by a slight increase until week 26 (2.33). All
results were significant versus baseline (p<0.001).
Patient Global Assessment
Similar to the VPQ results, a significant reduction in mean PTGA scores from 3.14 at baseline to 2.06 at week 4
(p<0.001) was observed, and the decline was still significant at 26 weeks (2.42; p<0.001; Fig. 5). More patients in the
IC group numerically had improvement (59.0%) than in the SC group (52.2%) at 26 weeks.
Concomitant Medication
There were no significant changes in the use of concomitant medications during the 26-week study follow up.
Among the patients evaluated at week 4, 111 (18.0%) discontinued adjuvant medication, 105 (17.0%) reduced their
medication, and only 10 patients (1.6%) needed additional medication versus baseline. Discontinuation and reduction
rates were higher in the IC group (21.3%, 16.8%) than in the SC group (12.8%, 17.4%). Similarly, at week 12 more
patients in the IC group were able to discontinue (12.0%) or reduce (4.5%) compared with the SC group (9.6%
discontinued, 2.1% reduced). Only 23 patients (5.1%) required additional pain medications at week 12. At week 26, 14
patients (3.0%) reported an increased use of concomitant pain medications. Most patients (88.7%) had no change in
pain medication at week 26. Thirty-two patients (6.9%) discontinued adjuvant medication; 6 (1.3%) reported taking less
pain medication at week 26. Only marginal differences between groups were found at this time.
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Overall Mean PTGA score

5

4

3

*

*

12

26

*
2

1

0

Baseline

4

Weeks

Fig. (5). Mean Patient Global Assessment (PTGA) scores over time in the intent-to-treat population (N=616). *p<0.001, mean
change in VPQ from baseline to weeks 4, 12, and 26, respectively.

Predictors of Treatment Success
With the stepwise backward logistic regression analysis to identify predictive factors for treatment success, three
parameters, including the VPQ baseline value (p<0.001; odds ratio: 3.03; 95% CI: 2.24 to 4.11), aspiration of synovial
fluid (p=0.012; odds ratio: 0.405; 95% CI: 0.20 to 0.82), and age (p=0.014; odds ratio: 0.75; 95% CI: 0.60 to 0.94), had
a significant influence on treatment outcome.
Patients with the highest degree of pain at baseline experienced the greatest relief of pain during treatment. Success
rates for mild, moderate, severe, and extreme pain from baseline to week 4 using VPQ scores were 34.8%, 59.7%,
79.9%, and 100% (p<0.001; chi-square test), respectively.
Patients who did not have synovial fluid aspirated prior to injection of hylan G-F 20 achieved a higher treatment
success rate (287 of 418 patients; 68.7%) than those patients who underwent joint aspiration (24 of 44 patients; 54.5%).
However, the number of patients with effusion and therefore undergoing joint aspiration was small (10.4%, 7.5%, and
5.4% at the first, second, and third injections, respectively), and no significant differences between these rates were
found (p=0.058; chi-square test).
Although age had a significant influence by regression analysis, the success rates related to age did not show a clear
trend and were not significant by chi-square testing (p=0.468). Patients aged <60 years or >80 years achieved higher
success rates (72.5% and 68.0%, respectively) than patients aged 60-70 years (64.1%) and patients 70-80 years (65.5%).
Other parameters that were not statistically significant but demonstrated a trending pattern were the influence of
BMI and time since OA diagnosis. More normal-weight patients (73.9%) experienced a decrease in pain compared with
68.2% of overweight and 66.3% of obese patients. Patients who were diagnosed <1 year ago had a success rate of
71.8%, 1 to 5 years ago 69.3%, 5 to 10 years ago 66.1%, and more than 10 years ago, 56.6%, respectively.
Safety and Tolerability
Overall, 842 patients (the safety population) received 2497 injections of hylan G-F 20. A total of 36 AEs were
reported by 22 of 842 patients (2.6%) at week 4. Eleven patients (11/314; 3.5%) in the SC group and 11 patients
(11/528; 2.1%) in the IC group experienced AEs.
A total of 24 AEs (66.7%) that were considered related to hylan G-F 20 (treatment-related AEs; Table 2). The
overall incidence of treatment-related AEs was 2.9% of patients (SC group, 2.5%; IC group, 3.0%). Most treatment-
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related AEs were local to the treated knee (mostly pain and/or swelling and/or effusion; Table 2). The majority (n=18,
75%) were of mild or moderate intensity, and 6 were of severe intensity. Most (n=19; 79.1%) resolved without
sequelae. Physicians reported 2 serious AEs (one patient each for vascular occlusion and meniscal lesion), which were
considered not related to treatment. At 12 weeks (phone interview), one death and one use of a knee splint considered a
serious AE were reported, however, they were not considered related to treatment.
Table 2. Treatment-related adverse events (n=24).
n

%

24

100

Arthralgia

6

25.0

Hypersensitivity

2

8.3

Injection site joint swelling

6

25.0

Joint effusion

8

33.3

Sensation of pressure

2

8.3

Mild

3

12.5

Moderate

15

62.5

Severe

6

25.0

Recovered without sequelae

19

79.2

Symptoms resolved with treatment

2

8.3

Symptoms persist, no treatment

1

4.2

No information

2

8.3

Treatment-related AEs
Preferred term

Intensity

Outcome

2

Severely obese patients (BMI ≥40 kg/m ) experienced the highest incidence of AEs (6.7%), compared with obese
(≥30 to <40 kg/m2; no AEs), overweight (≥25 to <30 kg/m2; 1.1%), normal-weight (≥20 to <25 kg/m2; 3.1%), and
underweight (<20 kg/m2; no AEs) patients.
DISCUSSION
This multicenter, prospective, open-label study conducted in routine clinical practice in Germany showed that initial
and repeat courses of hylan G-F 20 are effective and well-tolerated therapeutic options in patients with symptomatic OA
of the knee. Because of its pragmatic design and “real-world” setting, this study reports results that physicians might
expect to replicate in their own practices.
The effectiveness of hylan G-F 20 was demonstrated by a statistically significant reduction in mean pain scores
(VPQ) at all time points (p<0.001 vs. baseline) in the ITT population, and a 67.3% rate of patients indicating a response
in pain relief (defined as a reduction of at least one category in the VPQ) at 26 weeks. No significant differences in
effectiveness were found between patients who underwent a first or a repeat treatment cycle of hylan G-F 20, although
more patients who received an initial treatment cycle achieved therapeutic success than patients receiving a second
treatment cycle.
The baseline VPQ value (p<0.001), aspiration of synovial fluid (p=0.012), and age (p=0.014) had a significant
influence on treatment outcome and were predictive factors for long-term therapeutic success. Even though the
regression analysis showed a significant impact of synovial fluid aspiration and age, the results are difficult to interpret
because of small group numbers and lack of a clear trend, respectively, and chi-square testing of the response rates was
not significant. We did find, however, that the higher the pain score reported by patients at baseline, the greater the
likelihood of their treatment success. These findings are consistent with those of Kemper et al. [30] who reported that
patients with severe baseline pain had a greater response to treatment, likely because patients suffering from more
severe pain have a higher potential for experiencing a reduction in pain than others with less severe pain.
Our patients were predominantly female and overweight or obese, which is consistent with known risk factors for
knee OA, including age >50 years, female sex, and high BMI [3]. We report here a nonsignificant pattern for more
normal-weight patients experiencing a decrease in pain versus overweight and obese patients. Although not significant,
these results are similar to those of Kemper et al. who found that severely obese patients were significantly less likely
than those of normal weight (and underweight patients more likely) to have pain reduction (p=0.04) [30]. Decreased
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pain was also seen more often in patients who were more (versus less) recently diagnosed with OA of the knee,
although this observation was not statistically significant. Similarly, Kemper and colleagues found that patients
diagnosed <1 to 5 years ago were significantly more likely to have reduced pain than those diagnosed >10 years ago
(p<0.01) [30].
Concomitant pain medication was allowed during this study. At all follow-up visits (weeks 4, 12 and 26), a higher
percentage of patients reported using less or discontinuing concomitant pain medication than those reporting needing
additional pain medication.
No treatment-related SAEs or unexpected treatment-related AEs were reported. A total of 24 treatment-related AEs
were reported (2.9% of patients). This rate is not higher than that reported in the study by Kemper et al. [30], which
noted treatment-related AEs in 4.2% of patients among a population of 4253 patients. Likewise, in an open-label, 4week substudy of repeat hylan G-F 20 injection (after 26 weeks of treatment) in 77 patients, treatment or procedurerelated AE incidence was 6.5% [21].
Treatment-related AEs were reported in 2.5% of patients (0.9% of injections) in the SC group, which was
comparable to the 3.0% rate (1.0% of injections) in the IC group. Similarly, Raynauld and colleagues found no
difference in local AE incidence in patients receiving a first or second course of hylan G-F 20 when added to an
appropriate care regimen for treating knee OA [31]. However, this is in contrast to reported AE rates in retreated
patients of 18.3% and 13.1% in other studies [28, 29], which were higher than the incidences from a first course [29].
Those studies may have recruited patients with more advanced OA and more significant joint deterioration, which may
increase the possibility of experiencing an AE; however, no evidence supports this idea. Here, BMI classification was
identified as the only risk factor for treatment-related AEs, with severely obese patients (>40 kg/m2) having the highest
risk of experiencing an AE, although a clear trend was not apparent for other BMI groups. In the study by Kemper, BMI
was not a risk factor for AEs; significant predictors of AEs were age <70 years, previous HA treatment, and longer time
since diagnosis [30].
This study was limited by the lack of a control group and a failure to recruit adequate numbers of patients to achieve
the planned sample sizes. The results of the regression analyses should be interpreted with caution because of the
uncontrolled nature of the study and the small patient subgroups. Data interpretation is also limited by potential
selection bias, as only responders to first injection are more likely to receive a second injection. In addition, patients
included in the repeat group did not have their initial treatment course evaluated as part of the current study, so these
patients’ responses could not be compared within patient. This study also included patients with mild pain, which may
interfere with the accurate assessment of hylan G-F 20; however only 14% of patients had mild pain at baseline.
Despite such limitations, the data from this study are also consistent with previously published data (RCT and realworld analyses [17 - 29, 32, 33]) for hylan G-F 20. In contrast to RCTs in which strict inclusion and exclusion criteria
limit the types of patients treated, this study’s prospective, open-label design with a large sample size of patients
provides clinically meaningful real-world information on the efficacy and safety of hylan G-F 20, and the results
achieved in this study may likely be replicated by physicians at their own clinical practices.
CONCLUSION
Hylan G-F 20 has been demonstrated to be safe and effective at all disease stages [34]; as an adjunct to, or
replacement for, other pharmaceutical therapies [18, 35]; and as a means of postponing or negating the need for total
knee replacement when used in late-stage patients [36]. The latter finding is especially relevant given the medical
contraindications and morbidity and mortality associated with joint replacement [36].
Because of the chronic nature of OA disease, interventions for OA often need to be repeated or maintained over
significant periods of time, replacing or complementing other treatment modalities as required, to optimally manage
patients’ symptoms. The similarity of effectiveness and safety results reported in the initial and repeat treatment groups
in this study adds further weight to the evidence supporting the effectiveness and safety of hylan G-F 20 for repeat
treatment in the knee joint [28, 29] and supports its inclusion in the treatment algorithm for OA.
Consistent with previously published RCT and real-world data for hylan G-F 20, these results suggest that hylan GF 20 is safe and effective in patients with symptomatic OA of the knee and that a second course of therapy likely offers
a safety profile and effectiveness comparable to an initial treatment cycle.

98 The Open Rheumatology Journal, 2016, Volume 10

Heger et al.

CONFLICT OF INTEREST
The study, data analysis, reporting, and writing of this study were sponsored by Genzyme Biosurgery GmbH. Drs.
Heger, Paulsen, Fickert, and Kresmann received funding paid to their institutions for conduct of the study at their site.
The authors declare no other conflicts of interest.
ACKNOWLEDGEMENTS
The authors are grateful for the input of Dr. François Bailleul and Dr. Axel Schulz to the design of this study and the
interpretation of the results. Medical writing assistance was provided by Anna Porter, Ignite Marketing LLC, and to
Laura Ninger and Disha Patel, PhD of Precise Publications LLC, and was funded by Sanofi.
REFERENCES
[1]

Anderson DD, Chubinskaya S, Guilak F, et al. Post-traumatic osteoarthritis: improved understanding and opportunities for early intervention.
J Orthop Res 2011; 29(6): 802-9.
[http://dx.doi.org/10.1002/jor.21359] [PMID: 21520254]

[2]

Conrozier T, Mathieu P, Vignon E, Piperno M, Rinaudo M. Differences in the osteoarthritic synovial fluid composition and rheology between
patients with or without flare: a pilot study. Clin Exp Rheumatol 2012; 30(5): 729-34.
[PMID: 22935334]

[3]

Zhang W, Doherty M, Peat G, et al. EULAR evidence-based recommendations for the diagnosis of knee osteoarthritis. Ann Rheum Dis 2010;
69(3): 483-9.
[http://dx.doi.org/10.1136/ard.2009.113100] [PMID: 19762361]

[4]

Schurz J, Ribitsch V. Rheology of synovial fluid. Biorheology 1987; 24(4): 385-99.
[PMID: 3663897]

[5]

Fam H, Bryant JT, Kontopoulou M. Rheological properties of synovial fluids. Biorheology 2007; 44(2): 59-74.
[PMID: 17538199]

[6]

Balazs EA, Denlinger JL. Viscosupplementation: a new concept in the treatment of osteoarthritis. J Rheumatol Suppl 1993; 39(Suppl. 39):
3-9.
[PMID: 8410881]

[7]

Cianflocco AJ. Viscosupplementation in patients with osteoarthritis of the knee. Postgrad Med 2013; 125(1): 97-105.
[http://dx.doi.org/10.3810/pgm.2013.01.2618] [PMID: 23391675]

[8]

Zhang W, Moskowitz RW, Nuki G, et al. OARSI recommendations for the management of hip and knee osteoarthritis, Part II: OARSI
evidence-based, expert consensus guidelines. Osteoarthritis Cartilage 2008; 16(2): 137-62.
[http://dx.doi.org/10.1016/j.joca.2007.12.013] [PMID: 18279766]

[9]

Zhang W, Nuki G, Moskowitz RW, et al. OARSI recommendations for the management of hip and knee osteoarthritis: Part III: Changes in
evidence following systematic cumulative update of research published through January 2009. Osteoarthritis Cartilage 2010; 18(4): 476-99.
[http://dx.doi.org/10.1016/j.joca.2010.01.013] [PMID: 20170770]

[10]

Langworthy MJ, Saad A, Langworthy NM. Conservative treatment modalities and outcomes for osteoarthritis: the concomitant pyramid of
treatment. Phys Sportsmed 2010; 38(2): 133-45.
[http://dx.doi.org/10.3810/psm.2010.06.1792] [PMID: 20631473]

[11]

Mathieu P, Conrozier T, Vignon E, Rozand Y, Rinaudo M. Rheologic behavior of osteoarthritic synovial fluid after addition of hyaluronic
acid: a pilot study. Clin Orthop Relat Res 2009; 467(11): 3002-9.
[http://dx.doi.org/10.1007/s11999-009-0867-x] [PMID: 19418104]

[12]

Moreland LW. Intra-articular hyaluronan (hyaluronic acid) and hylans for the treatment of osteoarthritis: mechanisms of action. Arthritis Res
Ther 2003; 5(2): 54-67.
[http://dx.doi.org/10.1186/ar623] [PMID: 12718745]

[13]

Ghosh P, Guidolin D. Potential mechanism of action of intra-articular hyaluronan therapy in osteoarthritis: are the effects molecular weight
dependent? Semin Arthritis Rheum 2002; 32(1): 10-37.
[http://dx.doi.org/10.1053/sarh.2002.33720] [PMID: 12219318]

[14]

Masuko K, Murata M, Yudoh K, Kato T, Nakamura H. Anti-inflammatory effects of hyaluronan in arthritis therapy: Not just for viscosity. Int
J Gen Med 2009; 2: 77-81.
[http://dx.doi.org/10.2147/IJGM.S5495] [PMID: 20360891]

[15]

Bagga H, Burkhardt D, Sambrook P, March L. Longterm effects of intraarticular hyaluronan on synovial fluid in osteoarthritis of the knee. J
Rheumatol 2006; 33(5): 946-50.
[PMID: 16652425]

[16]

Synvisc® (hylan G-F 20) Prescribing Information Genzyme Biosurgery Available at: http://www.synviscone.com/.

[17]

Wobig M, Dickhut A, Maier R, Vetter G. Viscosupplementation with hylan G-F 20: a 26-week controlled trial of efficacy and safety in the
osteoarthritic knee. Clin Ther 1998; 20(3): 410-23.

Clinical Efficacy of Hylan

The Open Rheumatology Journal, 2016, Volume 10 99

[http://dx.doi.org/10.1016/S0149-2918(98)80052-0] [PMID: 9663358]
[18]

Raynauld JP, Torrance GW, Band PA, et al. A prospective, randomized, pragmatic, health outcomes trial evaluating the incorporation of
hylan G-F 20 into the treatment paradigm for patients with knee osteoarthritis (Part 1 of 2): clinical results. Osteoarthritis Cartilage 2002;
10(7): 506-17.
[http://dx.doi.org/10.1053/joca.2002.0798] [PMID: 12127830]

[19]

Wang CT, Lin J, Chang CJ, Lin YT, Hou SM. Therapeutic effects of hyaluronic acid on osteoarthritis of the knee. A meta-analysis of
randomized controlled trials. J Bone Joint Surg Am 2004; 86-A(3): 538-45.
[PMID: 14996880]

[20]

Raman R, Dutta A, Day N, Sharma HK, Shaw CJ, Johnson GV. Efficacy of Hylan G-F 20 and Sodium Hyaluronate in the treatment of
osteoarthritis of the knee a prospective randomized clinical trial. Knee 2008; 15(4): 318-24.
[http://dx.doi.org/10.1016/j.knee.2008.02.012] [PMID: 18430574]

[21]

Chevalier X, Jerosch J, Goupille P, et al. Single, intra-articular treatment with 6 ml hylan G-F 20 in patients with symptomatic primary
osteoarthritis of the knee: a randomised, multicentre, double-blind, placebo controlled trial. Ann Rheum Dis 2010; 69(1): 113-9.
[http://dx.doi.org/10.1136/ard.2008.094623] [PMID: 19304567]

[22]

Scale D, Wobig M, Wolpert W. Viscosupplementation of osteoarthritic knees with hylan: a treatment schedule study. Curr Ther Res 1994; 55:
220-32.
[http://dx.doi.org/10.1016/S0011-393X(05)80166-3]

[23]

Dickson DJ, Hosie G, English JR. A double-blind, placebo-controlled comparison of hylan G-F 20 against diclofenac in knee osteoarthritis. J
Clin Res 2001; 4: 41-52.

[24]

Cubukçu D, Ardiç F, Karabulut N, Topuz O. Hylan G-F 20 efficacy on articular cartilage quality in patients with knee osteoarthritis: clinical
and MRI assessment. Clin Rheumatol 2005; 24(4): 336-41.
[http://dx.doi.org/10.1007/s10067-004-1043-z] [PMID: 15599642]

[25]

Kotevoglu N, Iyibozkurt PC, Hiz O, Toktas H, Kuran B. A prospective randomised controlled clinical trial comparing the efficacy of different
molecular weight hyaluronan solutions in the treatment of knee osteoarthritis. Rheumatol Int 2006; 26(4): 325-30.
[http://dx.doi.org/10.1007/s00296-005-0611-0] [PMID: 15959784]

[26]

Diracoglu D, Vural M, Baskent A, Dikici F, Aksoy C. The effect of viscosupplementation on neuromuscular control of the knee in patients
with osteoarthritis. J Back Musculoskeletal Rehabil 2009; 22(1): 1-9.
[http://dx.doi.org/10.3233/BMR-2009-0207] [PMID: 20023357]

[27]

Chou CW, Lue KH, Lee HS, Lin RC, Lu KH. Hylan G-F 20 has better pain relief and cost-effectiveness than sodium hyaluronate in treating
early osteoarthritic knees in Taiwan. J Formos Med Assoc 2009; 108(8): 663-72.
[http://dx.doi.org/10.1016/S0929-6646(09)60387-9] [PMID: 19666354]

[28]

Waddell DD, Cefalu CA, Bricker DC. An open-label study of a second course of hylan G-F 20 for the treatment of pain associated with knee
osteoarthritis. Curr Med Res Opin 2003; 19(6): 499-507.
[http://dx.doi.org/10.1185/030079903125002090] [PMID: 14594522]

[29]

Waddell DD, Bricker DC. Hylan G-F 20 tolerability with repeat treatment in a large orthopedic practice: a retrospective review. J Surg Orthop
Adv 2006; 15(1): 53-9.
[PMID: 16603113]

[30]

Kemper F, Gebhardt U, Meng T, Murray C. Tolerability and short-term effectiveness of hylan G-F 20 in 4253 patients with osteoarthritis of
the knee in clinical practice. Curr Med Res Opin 2005; 21(8): 1261-9.
[http://dx.doi.org/10.1185/030079905X56501] [PMID: 16083536]

[31]

Raynauld JP, Goldsmith CH, Bellamy N, et al. Effectiveness and safety of repeat courses of hylan G-F 20 in patients with knee osteoarthritis.
Osteoarthritis Cartilage 2005; 13(2): 111-9.
[http://dx.doi.org/10.1016/j.joca.2004.10.018] [PMID: 15694572]

[32]

Petrella RJ, Wakeford C. Pain relief and improved physical function in knee osteoarthritis patients receiving ongoing hylan G-F 20, a highmolecular-weight hyaluronan, versus other treatment options: data from a large real-world longitudinal cohort in Canada. Drug Des Devel
Ther 2015; 9: 5633-40.
[http://dx.doi.org/10.2147/DDDT.S88473] [PMID: 26508838]

[33]

Pal S, Thuppal S, Reddy KJ, et al. Long-Term (1-Year) safety and efficacy of a single 6-mL injection of hylan G-F 20 in indian patients with
symptomatic knee osteoarthritis. Open Rheumatol J 2014; 8: 54-68.
[http://dx.doi.org/10.2174/1874312901408010054] [PMID: 25328555]

[34]

Waddell DD, Bricker DC. Clinical experience with the effectiveness and tolerability of hylan G-F 20 in 1047 patients with osteoarthritis of
the knee. J Knee Surg 2006; 19(1): 19-27.
[PMID: 16468490]

[35]

Adams ME, Atkinson MH, Lussier AJ, et al. The role of viscosupplementation with hylan G-F 20 (Synvisc) in the treatment of osteoarthritis
of the knee: a Canadian multicenter trial comparing hylan G-F 20 alone, hylan G-F 20 with non-steroidal anti-inflammatory drugs (NSAIDs)
and NSAIDs alone. Osteoarthritis Cartilage 1995; 3(4): 213-25.
[http://dx.doi.org/10.1016/S1063-4584(05)80013-5] [PMID: 8689457]

100 The Open Rheumatology Journal, 2016, Volume 10

[36]

Heger et al.

Waddell DD, Bricker DC. Total knee replacement delayed with Hylan G-F 20 use in patients with grade IV osteoarthritis. J Manag Care
Pharm 2007; 13(2): 113-21.
[http://dx.doi.org/10.18553/jmcp.2007.13.2.113] [PMID: 17330972]

© Heger et al.; Licensee Bentham Open
This is an open access article licensed under the terms of the Creative Commons Attribution-Non-Commercial 4.0 International Public License
(CC BY-NC 4.0) (https://creativecommons.org/licenses/by-nc/4.0/legalcode), which permits unrestricted, non-commercial use, distribution and
reproduction in any medium, provided the work is properly cited.

