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Abstract
The objective of the present study was to utilize delayed Gadolinium Enhanced MRI of Cartilage (dGEMRIC), as 

a reflection of cartilage matrix integrity, to evaluate the effects of a specific hyaluronan, hylan G-F 20 (SYNVISC®; 
Genzyme Biosurgery, Cambridge, MA) in OA patients over the course of 6 months, and to utilize these data to 
determine effect size and power calculations for future studies. An open-label, single-blind exploratory study of 
patients having knee OA (Trail registration: NCT00949494) was performed in thirty subjects (20 active, intra-articular 
injections (3, week apart) with hylan G-F 20; 10 control). dGEMRIC data was obtained at baseline, 3 and 6 months. 
No changes were measurable with hylan administration under the clinical and imaging conditions utilized in the 
current study. The lack of response in the current study may be because the subjects had a relatively advanced 
stage of disease with respect to cartilage integrity.
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Introduction
The prevalence of osteoarthritis (OA) is increasing, and it is 

estimated by 2030 there will about 67 million Americans affected by 
this disease resulting in a substantial financial burden to society [1]. 
Although surgical intervention relieves the pain associated with OA and 
improves functionality, it is not a viable option for many. Non-surgical 
options include life style modifications, physical therapy, systemic 
anti-inflammatory medicines, intra-articular injections of steroids, 
and hyaluronic acid (HA) viscosupplementation. While all these are in 
general considered to be directed toward symptom modification, there 
is some speculation as to the potential disease modification afforded 
by viscosupplementation [2,3]. Additionally, there has been research 
driven towards developing disease modifying osteoarthritic drugs 
(dMOADs) mostly targeted towards cartilage [4].

One particular challenge in evaluating potential therapeutic 
disease-modifying agents has been defining structure-related endpoints 
for studies that are both adequately sensitive and specific. Because 
cartilage is central to the disease process, many techniques have 
focused on evaluating cartilage properties as an important determinant 
of OA and changes in these properties over time as a determinant of 
progression. Radiographic analysis of joint space width (JSW) is the 
currently accepted marker for evaluating articular cartilage thickness, 
and changes in JSW over time have been defined for control and OA 
populations and used as endpoints in trials of potential therapeutic 
agents [5]. MR imaging, which provides a measure of cartilage volume, 
has been proposed as a viable alternative to radiography [6], but not 
found to provide additional sensitivity to simple radiographic analysis 
[7]. Neither of these approaches directly addresses changes that are 
known to occur in cartilage matrix and that are central to the OA 
process, namely loss of integrity of collagen fibers and the decrease in 
proteoglycan concentration [8]. Delayed gadolinium-enhanced MRI of 
cartilage (dGEMRIC) is a technique that has been shown to be sensitive 
to such changes. 

dGEMRIC is a method designed to image the distribution of fixed 
charge density in cartilage. It is based on the theory that if the negatively 
charged MRI contrast Gd-DTPA2- (Magnevist, Bayer Healthcare, NJ, 
USA) is allowed to penetrate into cartilage, it will distribute in inverse 

relation to the concentration of the endogenous negative fixed charge, 
which is predominantly determined by the concentration of the 
charged glycosoaminoglycan (GAG) molecules. The GAG distribution 
would then be inversely related to the Gd-DTPA2- concentration, or 
directly related to the T1 values after penetration of the contrast agent 
into the cartilage, T1(Gd) [9]. Studies in vitro have validated that 
proteoglycan estimates based on dGEMRIC measurements to be in 
very good agreement with biochemical assays or histology [10-16], and 
in vivo data that are consistent with the premise has been reported in 
animal models [17-20] and clinically [11,21].

Hyaluronans are therapeutic agents approved for the treatment of 
the pain associated with osteoarthritis [22]. In addition to providing 
joint lubrication and shock absorbancy as a constituent of synovial 
fluid, hyaluronan within cartilage serves as the backbone for the 
proteoglycans of the extracellular matrix. In the arthritic joint, the 
concentration and molecular weight of hyaluronans are decreased by 
33% to 50%, limiting its role in maintaining normal joint biomechanics 
[22]. The purpose of viscosupplementation is to replace the lost 
hyaluronan and potentially stimulate the production of endogenous 
hyaluronan within the joint [23], although at the present time the exact 
mechanism of action is not completely understood [24,25].

Because of many studies documenting the effects of hyaluronans 
on cartilage metabolism, recent clinical investigations have focused 
on their ability to affect cartilage structure [3]. Most of these clinical 
trials have been limited by small sample sizes and lack of rigorous 
methodologies [3,4]; the one large clinical trial yielded inconclusive 
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results [26]. The current pilot study was undertaken in an attempt to 
utilize a newer technology, dGEMRIC, shown in vivo to reflect cartilage 
matrix integrity, to evaluate the effects of one specific hyaluronan, hylan 
G-F 20 (SYNVISC®; Genzyme Biosurgery, Cambridge, MA), injected 
intra-articularly, compared to usual medical management on cartilage 
in OA patients over the course of 6 months, and to utilize these data to 
determine effect size and power calculations for future studies

Methods
Subjects

The study was approved by the institutional review board and all 
subjects gave informed consent prior to their participation. This was 
an open-label, single-blind (dGEMRIC data were analyzed blinded to 
study group allocation), exploratory study of patients having knee OA 
with stable, moderate levels of pain appropriate for management by 
intra-articular injection with hylan G-F 20. Patients meeting inclusion/
exclusion criteria were randomly assigned to either active (intra-
articular injection with hylan G-F 20) or control (continued usual care 
consisting of maintenance of existing oral and/or physical therapy) 
groups in a 2:1 ratio. Patients treated with hylan G-F 20 received the 
standard clinical dosage (3 injections, 1 week apart). Patients entered 
into the active arm of this trial underwent knee MRI (with dGEMRIC) 
prior to initiation of hylan G-F 20 therapy and then at 3 months and 
6 months post-treatment. Controls had knee MRI examinations with 
dGEMRIC performed at baseline, 3 and 6 months but did not have 
knee arthrocentesis performed. Thirty subjects (20 active, 10 control) 
were enrolled; one in the active group did not complete the trial. Most 
knees included had a KL score of 2 or 3, considered to be mild and 
moderate OA respectively in current clinical practice. 

MR Scanner and sequences

The study was performed on a 32-channel 1.5 T MR system 
(Magnetom Avanto, Siemens, Erlangen, Germany) using a commercial 
transmit/receive extremity knee coil. 2D IR-TSE sequence (TR/
TE=2200/13ms, TI=1680, 650, 350, 150, 50 ms, matrix size=384x384, 
slice thickness=3mm, FOV = 16cm) was used to acquire data in one 
central slice in the medial and lateral condyles. 

Clinical status

Patient Global Assessment was a pre-specified secondary endpoint 
that was collected at baseline and each subsequent visit using a 10-point 
Likert scale. A 10mm VAS pain scale was also administered at the 

screening, baseline, 3 month and 6 month visits to determine subject 
qualification in the study as well as assess response to treatment.

Data analysis

For each subject, T1(Gd) values were reported from full thickness 
regions of interest (ROIs) defined in the central femoral and tibial 
regions of the medial and lateral condyles (cMF, MT, cLF, LT) similar 
to a previous report [27]. T1 mapping was performed offline using 
MRI Mapper based on MATLAB (Mathworks, Natick, MA). Similar 
analysis was also performed with just the superficial layer. 

Statistical analysis

The primary end point was the change in dGEMRIC index, T1(Gd) 
over time and between groups. All descriptive statistics are presented as 
mean ± SD (standard deviation). The between-group (active vs. control) 
differences were assessed using a two-sample t test or a Wilcoxon two 
sample test, at each time point (month 0, 3 or 6), with respect to cLF, 
MT, cMF, and LT. Wilcoxon test was used if the normality assumption 
by Shapiro-Wilk test was not satisfied. The change over time was 
assessed by constructing a mixed-effect model (or repeated ANOVA) 
which included group, time (month 0, 3 and 6) and interaction of 
group by time as fixed effects and individual subject as random effects. 
SAS 9.2 (Cary, NC) was used to perform all the analyses and a p value 
< 0.05 was regarded as statistically significant.

Effect size (ES) of the change over time for each of the compartments 
was evaluated by computing the variance of the means divided by 
the square of the within-group (control) error term. An effect size 
0.01~0.06 was considered as small, 0.06~0.14 was medium, >0.14 was 
large [28]. Reproducibility over time was estimated in the control 
group, calculated as the standard deviation of the differences between 
the two repeated measurements divided by the average of the averages 
of the repeated measurements and quoted as a percentage.

Results 
Thirty OA patients (10 men and 20 women, aged 41-78, average 

age of 59.3 ± 10.1 years) participated in this study. One knee for each 
patient was scanned (Left =18, right =12). The KL scores of the knees 
based on previous x-ray data were score 0: n=1 (the contralateral knee 
had a score of 2); score 1, n= 4; score 2, n= 18; and score 3, n=7.

Table 1 summarizes the ROI data for the four regions evaluated in 
the central load bearing cartilage (cMF, MT, cLF, LT) evaluated at the 
three time points in the two groups of subjects. There was no significant 

Full Thickness Superficial Layer

Active arm (n=19) Baseline 3-Month 6-Month Baseline 3-Month 6-Month

 cMF 394±92 399±78 391±68* 373±77 394±74 378±55

MT 401±92 370±66 371±69* 375±72 377±68 364±76

  cLF 444±96 448±79 451±82 406±103 377±67 374±78*

LT 418±70 402±66 392±76* 365±56 341±40 354±61

Control arm (n=10)

cMF 455±75 456±77 466±100 430±102 446±77 446±90

MT 417±76 401±68 434±46 387±75 377±78 415±57

cLF 487±66 483±66 497±81 444±74 437±63 465±108

LT 429±86 458±108 461±89 375±77 411±101 416±69

* p < 0.05 compared to control group for the same ROI and the same time point

Table 1: Summary of ROI analysis (mean±SD).
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difference between the two groups at baseline and no significant 
difference in any group over time. There were few regions at 6 month 
time point that showed statistically significant differences between the 
two groups. However this is of minimal practical consequence. The 
effect size estimates showed that MT (0.164) had a large effect size and 
LT (0.096) had a medium effect size, but cMF (0.012) and CLF (0.012) 
had very small effect sizes. Correspondingly the required sample sizes 
for detecting change over time for MT and LT were 28 and 37, but 
jumped up to 379 and 323 for cMF and cLF respectively, for a 80% 
power at 0.05 significance level.

Table 2 shows that the reproducibility (coefficient of variation (CV 
%)) is very good for MT, cLF and LT with all <5%. The reproducibility 
of cMF between month 3 and month 0 is also good (CV<10%), but 
the variation increased to 14% and 19% for month 6 vs. month 0, and 
month 6 vs. month 3.

Figure 1 illustrates dGEMRIC images in the central medial condyle 
obtained in two representative subjects with KL score 2 at the three 
different time points. Note the significant difference in the relative T1 
values, but more importantly the presence of full thickness cartilage 
defect in one while the other has cartilage thickness close to normal.

Table 3 summarizes the screening and baseline values of pain 
assessment by VAS pain scale as well as the patient global assessment. 
There were no statistically significant changes in either the G-F 20 
or placebo group from baseline to either 3 months or 6 months and 
no differences between groups at any time point (p > 0.05 for all 
comparisons). 

Discussion
Overall, there was little change in the mean dGEMRIC or pain 

indices over time in either the active or control group. There was no 
difference in the trends when only the superficial cartilage was evaluated 
(Table 1). However, the tibial cartilage exhibited a substantially 
larger effect size indicating that a sample size of 30-40 would have 
sufficient power to detect changes over time. The exact reason for the 
difference between tibial and femoral cartilage is not yet clear. It is also 
interesting that the cMF had lower reproducibility compared to all 
other compartments evaluated. Again, it is not yet clear what if any the 
significance of this observation, although this may be in part related to 
the loss of cartilage predominantly in this compartment in this group 
of patients. 

cMF MT (log) cLF (log) LT (log)
Month 3 vs. month 0 9.10 1.54 1.91 2.75

Month 6 vs. month 0 19.08 2.85 3.04 2.10

Month 6 vs. month 3 14.26 2.43 3.25 2.57

Table 2: Reproducibility within the control group (coefficient of variation (CV%)).

  VAS pain scale (mm)

  Screening Baseline 3 months 6 months

Active  44.8 ± 12.1  46.1 ± 22.4  47.4 ± 21.4  41.9 ± 29.5 

Control  45.4 ± 16.1  49.7 ± 20.3  49.6 ± 24.8  42.6 ± 26.4 

  PGA (Likert)

  Screening Baseline 3 months 6 months

Active  4.3 ± 1.6  4.6 ± 1.8  4.7 ± 2.0  3.0 ± 2.4 

Control  4.9 ± 1.7  5.1± 1.6  5.0 ± 1.6  4.4 ± 2.0 

Table 3: Summary of pain analysis (mean±SD).

1170
Baseline 3mo 6mo

Baseline 3mo 6mo

100
Figure 1: Many of the patients in this study had areas of denuded bone, as 
shown in the example above with a knee with KL score of 2 (Top). Another 
subject also with KL score of 2 but with no gross loss of cartilage is shown 
(Bottom).  Both sets of images show little longitudinal change in dGEMRIC index 
over 6-mo in the active arm.

A recent pre-clinical study reported intervention with HA resulted 
in improved proteoglycan levels [29]. In a sheep model of surgically 
induced partial thickness articular cartilage lesion, administration of 
hyaluronic acid at days 0, 8, and 15 showed significant improvement 
in cartilage histological analysis and increased glycosoaminoglycan 
content compared to saline treated animals. A key factor in this 
preclinical study was that HA was administered early after knee injury. 

We hypothesize that the lack of response in the current study may be 
related to the fact that the subjects included in the study had a relatively 
advanced stage of disease with respect to cartilage integrity even though 
efforts were specifically made to enroll patients with mild symptoms 
and radiographic changes. Thus, while KL=2 is generally considered to 
be mild OA clinically, cartilage imaging has shown extensive changes 
including full thickness loss of cartilage. Such a hypothesis is consistent 
with previous observations of disease modifying activity in humans 
with sodium hyaluronate where a response was observed only in the 
radiologically milder disease group [26]. Similarly in a recent meta-
analysis, Wang et al. [30] found that patients older than 65 years with 
more advanced degenerative disease were less likely to respond to 
hyaluronan treatment than were their younger counterparts with less 
severe OA.

There are a number of other possible reasons for the lack of an 
observed primary effect in the current study: (i) The study was not 
adequately powered to detect a possible small (and unknown) effect 
size for the impact of hylan increasing proteoglycan content under 
these clinical conditions, (ii) hylan G-F 20 may not be effective as a 
disease modifying agent in patients with this level of disease, (iii) 
the time course may be too short to detect such an effect, and (iv) 
dGEMRIC, as implemented here, may not be sensitive to changes in 
the control group over 6 months, rendering it difficult to additionally 
detect a change from the active group if the effect is one of stabilizing 
the cartilage by hylan relative to degeneration in the control group.

In terms of clinical outcome metrics, since the subjects in this study 
were asked to continue the therapies they were currently taking at 
screening, with only 30 patients the study was not designed or powered 
to detect a potential incremental clinical benefit of adding hylan G-F 
20.
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Recommendations based on these results of this study include: (i) 
Utilizing the current results for power calculations for future studies. 
The stability of the control group has been determined from the current 
study; however, the level of possible change (improvement) with hylan 
G-F 20 is still unknown, and (ii) evaluating effects of administering 
hylan G-F 20 at earlier stages of OA. Alternatively, subjects with acute 
ligament or meniscal tears may be a better population to evaluate 
hylan G-F 20 and other potential disease modifying drugs. A recent 
pre-clinical study demonstrated changes in T2 of cartilage treated with 
hyaluronic acid following surgically induced ACL injury [31]. With the 
ability to detect and monitor early cartilage degeneration, the design of 
trials also need to change especially with respect to subject selection.
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