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Summary

To determine the safety and efficacy of viscosupplementation with hylan G-F 20, a cross-linked hyaluronan preparation,
used either alone or in combination with continuous non-steroidal anti-inflammatory drug (NSAID) therapy, a
randomized, controlled, multicenter clinical trial, assessed by a blinded assessor, was conducted in 102 patients with
osteoarthritis (OA) of the knee. All patients were on continuous NSAID therapy for at least 30 days prior to entering the
study. Patients were randomized into three parallel groups: (1) NSAID continuation plus three control arthrocenteses
at weekly intervals; (2) NSAID discontinuation but with three weekly intra-articular injections of hylan G-F 20; and (3)
NSAID continuation plus three injections, one every week, intra-articular injections of hylan G-F 20. Outcome measures
of pain and joint function were evaluated by both the patients and an evaluator at baseline and weeks 1, 2, 3, 7 and 12,
with a follow-up telephone evaluation at 26 weeks. At 12 weeks all groups showed statistically significant improvements
from baseline, but did not differ from each other. A statistical test for equivalence, the g-statistic, demonstrated that
viscosupplementation with hylan G-F 20 was at least as good or better than continuous NSAID therapy for all outcome
measurements except activity restriction. At 26 weeks both groups receiving hylan G-F 20 were significantly better than
the group receiving NSAIDs alone. A transient local reaction was observed in three patients after hylan G-F 20 injection;
only one patient withdrew from the study as a result and all recovered without any sequela.

Hylan G-F 20 is a safe and effective treatment for OA of the knee and can be used either as a replacement for or an
adjunct to NSAID therapy.
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Introduction medical attention [6]. At present, no medical or
. physical therapy has been shown convincingly to
OsTEOARTHRITIS (OA) is common and costly [1, 2]. affect the rate of the deterioration of the affected

OA affecting the knee is especially troublesome.
While OA is characterized pathologically by
deterioration and loss of the articular cartilage,
subchondral sclerosis and osteophyte formation,
and is often accompanied by inflammation of the
synovium, deterioration of the supporting struc-
tures of the joint and a multitude of other
pathological features [3-5], it is mainly pain and loss
of function that lead patients with OA to seek

joint structures in humans, so therapeutic efforts
are rightly directed to symptomatic relief of pain
and attempts to preserve joint function. Many types -
of treatment have a role in the management of the
pain of OA. These include symptomatic pharmaco-
logical treatment with analgesics, non-steroidal
anti-inflammatory drugs (NSAIDs) and intra-articu-
lar corticosteroid injections, muscle strengthening
exercises, weight loss, the use of devices, such as
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NSAIDs are considered a standard treatment for
OA. Unfortunately, many patients either cannot
tolerate NSAIDs or suffer serious NSAID-induced
side-effects, predominantly gastrointestinal ulcera-
tion and bleeding [11-14]. The frequency of
NSAID-associated side effects has led to the use
of cytoprotective agents to improve their safety
profile [15-17]. Within this context, a re-evaluation
of the role of NSAIDs in the overall management of
OA seems appropriate.

It has been known for many years that synovial
fluid from osteoarthritic joints is lower in elasticity
and viscosity than that from normal joints [18, 19].
This decrease in the rheological properties of the
synovial fluid results from reductions in the
molecular size and concentration of hyaluronan
in the synovial fluid [19]. This phenomenon led
Balazs to introduce viscosupplementation therapy
[20], which is the injection of hyaluronan or its
derivatives in an attempt to return the elasticity and
viscosity of the synovial fluid to normal or higher
levels [21]. While viscosupplementation with
hyaluronan is not ‘mainstream’ therapy for OA of
the knee in North American clinical practice, it has
been used extensively elsewhere, especially in Italy
and Japan, and has been the subject of numerous
clinical trials (reviewed in [22]). From that
experience, viscosupplementation with hyaluronan
has been shown to be a safe treatment of OA of the
knee, although six to 10 injections are often
required to achieve efficacy [22]. Possible reasons
why so many injections are required are that the
elastoviscous properties of current hyaluronan
preparations are inadequate to restore sufficiently
the elasticity and viscosity of the synovial fluid in
the arthritic knee, or that the injected hyaluronan
is eliminated too quickly from the joint to be
effective. Both of these mechanisms depend upon the
rheological properties of the hyaluronan, which in
turn depend upon its molecular weight. The results
of viscosupplementation therapy might therefore
be expected to depend upon the rheological
properties and molecular weight of the hyaluronan
preparation [23].

Because of this limitation in viscosupplemen-
tation with hyaluronan preparations, hylans
(chemically cross-linked hyaluronans) were devel-
oped to improve the efficacy of viscosupplementa-
tion therapy of OA [24]. Cross-linking hyaluronan
improves its utility for viscosupplementation in
several ways. First, the rheological properties are
increased {25]; second, it has a longer retention time
in the synovial space [24]; and third, because of the
cross-links, it becomes more resistant to free radical
degradation [26]. One particular combination of
hylans, hylan G-F 20 (Synvisc®), has been developed

specifically as a device for viscosupplementation
therapy in OA of the knee. o

Initial studies have shown that injections of hylan
G-F 20 are safe and effective [27]. In a double-blind
controlled study involving 50 patients, two injec-
tions of hylan G-F 20 administered 2 weeks apart
were shown to be effective in relieving the pain of
OA of the knee [27]. In a similar study involving 30
patients, a treatment regimen consisting of three
injections of hylan G-F 20 given 1 week apart was
significantly better than saline injections, and gave
more pain relief than the two-injection regimen
from the previous study [27]. The efficacy of a

- therapeutic regimen of three weekly injections of

hylan G-F 20 was further demonstrated in a
randomized, double-blind, controlled clinical trial
with 118 patients. In many of the patients the
beneficial results were maintained for as long as 26
weeks [28]. Thus, hylan G-F 20 has been shown to be
significantly more effective than saline injections in
three randomized double-blind trials. Additional
safety data was accumulated in an open-label trial
involving 221 patients. In all four of these trials, for a

total 1028 injections, there were only 17 possibly-

related adverse reactions; all of which were local
and transient. Thus, hylan G-F 20 appears to be an
effective and safe treatment for OA of the knee. (For
a review see [28].)

Clearly, if it 1s appropriate to re-evaluate the role
of NSAIDs in the therapy of OA, then the role of
hylan G-F 20 must be evaluated with respect to its
role in concomitant or separate treatment of OA
with NSAIDs. To accomplish this, a three-arm
multicenter, randomized, blinded clinical trial was
performed. The purpose of the study was to evaluate
the safety and effectiveness of three weekly intra-
articular injections of hylan G-F 20 in an affected
knee in patients with OA of the knee and to compare
this treatment with that of continuous oral NSAID
therapy in both the presence and absence of hylan
G-F 20 viscosupplementation.

Materials and methods
PATIENTS
Inclusion criteria

The patients had to be men or women aged 18-75
years with a diagnosis of chronic idiopathic
OA of the knee on radiographic examination. A
Kellgren-Lawrence radiographical grade of 1 or 2 or
3 in no more than two compartments (and not a
grade 3 in the patellofemoral compartment) was
required [29]. In addition, patients had to satisfy
at least four of the following six criteria: (1)
erythrocyte sedimentation rate <30mm/h; (2)
rheumatoid factor titer <1:160; (3) morning
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stiffness not longer than 30 min; (4) crepitus on
active motion; (5) tenderness of the bony margins;
and (6) physician determination of absence of
rheumatoid disease. Furthermore, they needed to
have been tolerant of NSAID treatment for at
least the 30-day period preceding the trial without
significant side effects, to have been using the joint
actively on a daily basis and to have a score of
>50 mm on a 100 mm visual analog scale (VAS) for
pain on motion with weight-bearing, which was the
primary efficacy variable. The study protocol also
allowed for any patient who suffered sufficient pain
in both knees to be treated in both knees, with only
the most painful knee to be considered to be enrolled
in the study and evaluated as to efficacy criteria,
while both knees were evaluated for safety.

Exclusion criteria

Patients were excluded if they had any other
serious systemic disease, depression, or neuroses,
acute synovitis or excessive effusion, were clinically
obese (>30% above normal body weight), had a
varus or valgus deformity of >15° (as measured on
the radiograph), were pregnant or not using an
effective form of contraception (if of child-bearing
potential), were on chronic daily steroid therapy, or
had surgery or a joint injection within the previous
3 months.

TRIAL DESIGN

The study was 12 weeks in duration, with a

- follow-up telephone interview at 26 weeks. The
schedule of treatments and visits is shown as a time
line in Fig. 1. Patients eligible for the study were
randomly assighed to one of three treatment groups.
One treatment group (NSAID-only) received a series
of three weekly arthrocenteses and was instructed
to continue taking their usual NSAID for the
duration of the study. A second treatment group
(hylan G-F 20-only) - discontinued their usual
NSAID, but instead received three weekly intra-
articular injections of 2.0 ml of hylan G-F 20. The
third treatment group (hylan G-F 20+ NSAID)
continued their usual NSAID therapy and received
three weekly 2.0ml intra-articular injections of

hylan G-F 20. No placebo group was included
because of ethical constraints and because the goal
of the study was to compare the efficacy of hylan
G-F 20 with an established therapeutic modality.
Furthermore, the efficacy of hylan vs placebo had
been established in the prior clinical trials [28]. All
patients were instructed that if the pain became
unbearable they could take acetaminophen as
‘rescue’ analgesia and were to report the usage of
their medication to the evaluator at the next
follow-up visit. All patients were also instructed
that for the duration of the study they were not to
receive any additional medication, i.e. no steroids,
NSAID other than their usual one (if in the first or
third treatment group) and, no analgesic other than
acetaminophen. The extent of acetaminophen usage
was documented using weekly diaries completed by
the patients and collected by the investigators.

Patients in the hylan G-F 20-only group may have
been able to surmise their group assignment from
their instruction to discontinue NSAID therapy. If
this incomplete blinding introduced a bias, it would
be against the hylan G-F 20-only group in that
patients recognized that they were discontinuing
an active medication, and consequently may have
expected their condition to worsen.

Patients were initially seen and evaluated for
suitability 1 week before treatment initiation.
Patients were evaluated prior to the injections of
the week 1 (baseline), 2 and 3 visits and at
post-treatment weeks 7 and 12. After 12 weeks the
patients were not specifically instructed with
respect to NSAID therapy. To obtain data regarding
the duration of action of hylan G-F 20, the patients
were contacted by a telephone interview at
post-treatment week 26, and were requested by the
evaluator to rate, as if it were on a VAS the same
variables that had been evaluated by the patients in
the previous study visits and to evaluate the ordinal
variables. They were also queried concerning
NSAID use and any other treatments of OA. Finally,
they were asked if their pain had returned to
pre-study level between weeks 12 and 26.

Patients receiving hylan G-F 20 treatment were
injected intra-articularly with 2.0 ml of hylan G-F 20
at each visit for three consecutive weeks (weeks 1,
2 and 3). Any effusion present in the joint was
withdrawn prior to treatment. For the patients

Week 012345678910 11 12 26
Visit 1 234 5 6

Evaluation AAArna A A A
Arthrocentesis AA A Phone
NSAID -« Continuous —————»

Fic. 1. Flow chart of the study procedures. NSAID, non-steroidal anti-inflammatory drug.
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in the NSAID-only group, the needle of the
syringe was inserted intra-articularly, any effusion
present in the joint was withdrawn, but nothing was
injected. To insure that blinding was maintained, a
screen was provided so that the patient could
not observe the treatment. Furthermore, the
evaluator, who was unaware of each patient’s
treatment group, was not to be present at the time
or place of each weekly injection.

OUTCOME MEASURES
Efficacy

Each of the following efficacy variables was
measured at all evaluation visits using a 100 mm
VAS [30]: pain on motion with weight-bearing; pain
atrest; pain at night; restriction of activity; patient’s
overall assessment of arthritic pain; pain during a 50
foot walk; medial joint tenderness; lateral joint
tenderness; and evaluator’s overall assessment of
the treatment. Pain on motion with weight-bearing
was the primary efficacy variable. Efficacy variables
that were measured on an ordinal scale (1 =never
able to perform; 2=occasionally able to perform,
and 3 = frequently able to perform) were the level of
activity for each of standing, sitting, walking and
climbing stairs. The severity of the patient’s
pain was also rated categorically by the patient at
baseline and at post-treatment weeks 1,2, 3, 7and 12
as; 1 =none; 2=pain only on starting the activity
after rest; 3=pain during the day when active;
4 = pain during the day, at rest; or 5 = pain all day and
waking the patient at night. For all analyses
which were compared to baseline, the measure-
ments taken immediately before treatment at week
1 were considered to be the baseline.

Safety

Data regarding safety and adverse events were
obtained by interviewing the patients at each study
visit as to any adverse event experienced since the
previous visit. The investigator was also instructed
as to the criteria for identifying whether an adverse
event was to be considered as treatment related.
All adverse events were to be reported on the
appropriate patient assessment of pain as an
indication of success. Study sites and participating
personnel were instructed uniformly as to the
manner in which the study should be conducted
according to Good Clinical Practice (GCP) guide-
lines [31, 32], including the completion of the
patient informed consent form, a review of the study
protocol and the manner in which patient case
report forms were to be completed.

STATISTICAL ANALYSIS

Sample size was determined using a criterion of
a 25% improvement in the patient’s or evaluator’s
global assessment of pain as an indication of
success. Based on this, 80% of the two active
treatment groups (hylan G-F 20, alone or with
NSAID), as compared to a projected 50% of the
‘control’ group (NSAID alone), were expected
to show success. Sample size was then to be
based on a comparison of the three treatment
groups, using a significance level of P=0.05 and a
power of 0.80. Thus, the planned sample size was 26
patients per treatment group, or a total of 78

_patients.

Efficacy was analyzed both for the ‘evaluable’
patient population, i.e. limited to those patients
fulfilling all inclusion and exclusion criteria
and receiving a full course of three hylan G-F 20
injections and for the ‘intent-to-treat’ patient
population, i.e. including any patient receiving at
least one arthrocentesis (NSAID-only group) or one
hylan G-F 20 injection. With respect to efficacy
analyses, this report focused on the ‘evaluable’
patient population, making reference to the
‘intent-to-treat’ patient population only where
relevant differences occur. With respect to safety
analysis, this report focused on the ‘intent-to-treat’
patient population, so as to capture data for any
patient exposed to the test device.

Data to be analyzed were entered from the
case report forms into a database and subjected
to quality assurance procedures that were double
verified and corrected. Improvements from baseline
were calculated for individual patients. The
baseline used for all calculations of improvement
was the score obtained at week 1 just prior to the
first intra-articular treatment.

Categorical analyses were performed for each
outcome measure, defining improvement to a VAS
score below 20 mm as a symptom-free score, in order
to analyze the difference between the tréatment
groups with respect to the percentage of symptom-
free patients at 26 weeks.

Analysis of variance (ANOVA) was used for
analysis of continuous data and comparisons among
the three treatment groups. Fisher’s LSD multiple
comparisons test was used to distinguish between
individual treatments. Paired i-tests were used
to evaluate efficacy by comparing pre-treatment
values with post-treatment observations. The
chi-squared test and tests of proportions were used
to analyze the categorical data. For the severity of
pain variable, which did not follow a continuous
distribution, ANOVA of ranked data was used. Least
squares means were calculated from the individual
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patient improvements and used for comparisons
among the three treatment groups. All analyses
were performed using SAS software (SAS Institute,
Cary, NC, US.A). ANOVA was obtained using
PROC GLM, with the exception of the binomial
approximation to the normal distribution (Z
statistic) using categorical analysis tables [33].

The so-called g-statistical analysis [34] wasused to

evaluate whether or not this study could detect a
difference among the treatments (i.e. to evaluate the
probability of a type II error). The g-statistical
analysis is a one-tailed test against the null
hypothesis that the test treatment is inferior to
the active control treatment. The g-statistic is the
ratio of the mean improvement of the test treatment
to the control treatment, and the gl-statistic is the
ratio of the lower 95% confidence limit of the
improvement from baseline of the test treatment
to the improvement from baseline of control
treatment. In general, studies of adequate size that
are assessing treatments with similar effects, the
gl-values are 0.60 or above. In other words, there is
a 95% confidence that the test treatment is at least
60% as effective as the control [34]. For this study the
test group was the hylan G-F 20 only group and the
control group was the NSAID-only group. The mean
square error and least-squares means were calcu-
lated from the ANOVA model to produce ql, the lower
95% confidence limit of this ratio.

Results
PATIENTS
Demographic features

One hundred and two patients entered the trial
and received at least one arthrocentesis or injection
of hylan G-F 20 (the °‘intent-to-treat’ patient
population). Ninety-three patients completed ali
three intra-articular treatments and complied
with all elements of the protocol (the ‘evaluable’
patient population); 32 in the NSAID group,
28 in the hylan G-F 20 group and 33 in the hylan G-F
20 + NSAID group. Eighty-nine of the 93 evaluable
patients completed the week 12 follow-up assess-
ment and 90 completed the week 26 telephone
interview. In general, the conclusions drawn from
data for both populations were the same.

The demographic characteristics of the ‘intent-to-
treat’ patient population (the entire study popu-
lation) are presented in Table I(a); there are no
significant differences between the treatment
groups. The duration of disease and X-ray grade
for the ‘intent-to-treat’ patient population are
presented in Table I(b). With respect to duration
of disease, a statistically significant difference

was found favoring the two hylan G-F 20 groups.
Disease duration did not correlate with clinical
symptoms [35], and the three groups are very similar
with respect to their baseline scores on efficacy
outcome measures (see below). Sixteen of the
patients had only grade 1 radiological changes, but
they all had VAS scores > 50 mm for pain on motion
at baseline (mean 64.1 + 2.4) for pain on motion.
Thus, these patients almost certainly had OA [36].
Thirteen patients were treated bilaterally, but
efficacy was assessed only on the more severely
affected knee, while safety was assessed on both
injected knees.

Efficacy
BASELINE DATA

Baseline scores for all outcome measures used
in the analysis of efficacy are show in Table II.
Statistically significant differences between the
treatment groups were only found for pain at
night and support used. The baseline scores
illustrate the clinical symptoms of the study
population. Patient evaluations of pain on motion,
restriction of activity and overall pain were
consistently above an average VAS score of 50
[Table II(a)]. The measurement of severity of pain
showed mean values between 3 and 4 at baseline,
indicating an intensity between pain during the day
when active and pain during the day at rest. The
measurement of level of activity/running showed
mean values between 2 and 3 for all three groups,
indicating an activity level between occasionally
able to run and never able to run. All other level of
activity measurements (standing, sitting, walking
and climbing) were always below a mean ordinal
score of 2, indicating that most patients were
occasionally, and some frequently, capable of these
activities. Evaluator assessments [Table II(b)}
revealed a similar degree of symptoms, with only
pain on walking, which was an inclusion criterion,
and overall clinical assessment having mean
baseline scores >50 mm on the VAS.

Most patients were not inhibited from the
performance of everyday activities, thus the scores
for the levels of activity were already so low that no
change could be measured, and this limited their
usefulness, i.e. they were insensitive to change.
Furthermore, the baseline VAS scores were
generally relatively higher than the measures using
an ordinal scoring system, and so a change in their
level with the treatments could be measured. The
useful outcomie measures of the study were the
scores for pain with motion, pain at rest, pain at
night, restriction of activity and overall evaluation
of arthritic pain rated by the patient using the VAS
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Table I(a)
Demographic data summary for the intent-to-treat patient population
Population
Hylan G-F 20
NSAID Hylan G-F 20 +NSAID Total
Parameter N=34 N=31 N=37 N=102
Sex
Male 11 (32%) 10 (32%) 15 (41%) 36 (35%)
Female 23 (68%) 21 (68%) 22 (69%,). 66 (65%)
Age at treatment (years)
Mean + s.E.M. 63 + 2 61 + 2 60 + 2 61 +1
Median 64 62 63 63
Range 37-76 35-74 38-75 35-76
Height (in) : .
Mean + s.eM. 68+ 06 65 + 0.6 67 + 0.8 66 + 0.4
Median 65 64 66 65
Range 60-73 59-75 57717 57-77
Weight (1b) _
Mean + s.EM. 156 + 4 162 + 5 164 + 6 160 + 3
Median 158 166 161 : 160
Range 118-196 120-250 107-262 107-262

There were no significant differences among the groups. NSAID, non-steroidal
anti-inflammatory drug.

Table I(b)
Disease characteristics at baseline as mean in years &+ 8.E. and
radiographical grade as number of patients in each grade and the
percentage of the total group at baseline for the ‘intent-to-treat’ patient

population
Population
Hylan G-F 20+
NSAID Hylan G-F 20 NSAID Total
Parameter N=34 N=31 N=37 N=102
Duration of joint desease
Mean + s.E. 8+1* 5+0.8 5+0.6 6+ 0.6
X-ray grade (compartment)
Medial
1 11 (32%) 8 (27%) 8 (22%) 27 (27%)
2 17 (60%) 14 (47%) 17 (47%) 48 (48%)
3 6 (18%) 8 (27%) 11 (31%) 25 (25%)
Lateral
1 20 (61%) 13 (46%) 22 (71%) 55 (60%)
2 10 (30%) 12 (43%) 8 (26%) 30 (32%)
3 3 (9%) 3(11%) 1 (3%) 7 (8%)
Patellofemoral .
1 18 (56%) 14 (45%) 25 (71%) 57 (58%)
2 14 (44%) 17 (65%) 10 (29%) 41 (42%)
3 0 (0%) 0 (0%) 0 (0%) 0 (0%)

*Indicates the only statistically significant difference among these groups:
disease duration was longer for the NSAID-only group than for either of the hylan G-F
20- treated groups (P =0.025). NSAID, non-steroidal anti-inflammatory drug.

and the scores for medial joint tenderness, lateral EFFICACY VS. BASELINE
joint tenderness, pain while walking and overall
assessment of clinical condition rated by the Table IIl(a) presents the mean improvement

evaluator on the VAS. scores at week 12 for each of the key outcome
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Table II(a)
Scores of the outcome measures at baseline—outcome measures evaluated by the patients. The numbers are the raw
visual analog scale numbers + s.E. The P values are for the intergroup comparisons

P-value
Hylan
_ Hylan G-F 20
Hylan Hylan G-F 20+ +NSAID
Hylan G-F 20+ G-F 20 NSAID vs
NSAID G-F 20 NSAID vs vs hylan
Outcome measure (N=33) (N=29) (N=34) NSAID NSAID G-F 20
Pain with motion 63+ 3 61+ 3 60+ 3 NS NS NS
Pain with rest 29 4+ 4 36 +4 26 + 4 NS NS NS
Pain at night 34+5 35 +5 20+ 56 NS 0.048 0.041
Severity of pain 3.3+0.2 3.3+02 3.14+0.2 NS NS NS
Restriction of activity 60 44 53 +5 51 4+ 4 NS NS NS
Overall assessment of arthritic pain 62+ 3 62+ 3 57+ 3 NS NS NS
Support used 1.4 + 0.08 1.1 +0.09 1.1 4+ 0.08 0.022 NS NS
Standing/walking
Level of activity (standing) 1.2 + 0.06 1.1 +0.07 1.1 + 0.06 NS NS NS
Level of activity (sitting) 1.2 + 0.08 1.4 + 0.09 1.4 + 0.08 NS NS NS
Level of activity (walking) 1.2 4+ 0.08 1.4+ 0.08 1.2 + 0.08 NS NS NS
Level of activity (climbing) 1.7+ 0.1 1.56+0.1 1.5+0.1 NS NS NS
Level of activity (running) 2.7 + 0.08 2.8 +0.09 2.6 + 0.08 NS NS NS

NSAID, non-steroidal anti-inflammatory drug; NS, not significant.

Table II(b)
Scores of the outcome measures at baseline—outcome measures evaluated by the assessor. The numbers
are the mean visual analog scale scores + s.8. The P values are for the intergroup comparisons

P-value
Hylan ) ’
Hylan G-F 20+ Hylan G-F Hylan G-F  Hylan G-F 20+
NSAID G-F20 NSAID 20 vs 20+ NSAID NSAID vs
Outcome measure (N=33) (N=29) (N=34) NSAID vs NSAID hylan G-F 20
Effusion 1943 16 + 3 1443 NS NS NS
Medial joint tenderness 45+4 44+ 4 37+4 NS NS NS
Lateral joint tenderness 36 +4 38+ 4 33+ 4 NS NS NS
Pain while walking 574+ 4 53 + 4 49 + 4 NS NS NS
Overall assessment 59 + 3 55+ 3 54 + 3 NS NS NS
50 foot walk time 1341 13+1 13+1 NS NS NS

NSAID, non-steroidal anti-inflammatory drug; NS, not significant.

measures of the study. Over the 12-week course of
study, the patients in all three treatment groups
experienced improvements that were both highly
statistically significantly different (P < 0.01) and
clinically important by standardized criteria {37].
When comparing the improvement scores among
the three treatment groups, patients in the two
hylan G-F 20 groups generally improved more
than the patients in the NSAID-only group. This was
true for all outcome measures except activity
restriction, medial tenderness and pain at night.
However, this nominally greater efficacy for the
hylan G-F 20 groups was usually not statistically

significantly different. The only outcome measure
to “show a statistically significant difference
between the groups was pain at rest, for which the
hylan G-F 20-only group improved significantly
more than the NSAID-only group (P=0.05).
Fourteen patients in the ‘evaluable’ patient
population (15%) presented with a synovial effusion
greater than 2,0ml at the first intra-articular
treatment. Five were randomized to the NSAID-only
group, seven to the hylan G-F 20-only group and two
to the hylan G-F 20+ NSAID group. By the last
treatment visit (week 4) a clinically detectable
effusion was absent in all but one of the patients,
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Table III(a)
Mean improvements at week 12 for the outcome measures evaluated by the patients and those evaluated by
the blinded assessor. All mean improvements were highly statistically significantly different from the
baseline values (P < 0.01)

Outcome measure evaluated by the patient
Pain with motion
Pain at rest
Pain at night
Restriction of activity
Overall assessment of arthritic pain

Outcome measure evaluated by the assessor
Medial joint tenderness
Lateral joint tenderness
Pain while walking
Overall assessment of clinical condition

Mean improvement

NSAID Hylan G-F 20 Hylan G-F 20+ NSAID
(N =32) (N =25) (N=32)
19 +4 23 +4 26 + 4
9+4 19+ 4 1244
13+4 21+5 10+ 4
14+5 134+6 14+5
19 +5 24 + 5 26 + 4
14 +4 19+ 4 10+4
9+14 17+5 12+ 4
19+ 4 27+ 5 22+ 4
16 +3 24 + 4 224+ 3

NSAID, non-steroidal anti-inflammatory drug.

Table TI(b)
g-Statistical analysis of improvement at week 12, both those evaluated by the patient and
those evaluated by the blinded assessor. The hylan G-F 20-only group (test group) is
compared vs the non-steroidal anti-inflammatory drug (NSAID)-only group (control group).
The q value is the ratio of the improvement from baseline of the group to the improvement

from baseline of the control groups. The ql value is the ratio of the lower 95% confidence

limit of the improvement from baseline of the test group to the improvement from baseline of

the control group. This value represents minimum equivalent efficiency of hylan G-F 20

therapy compared with NSAID therapy. See text for details

Outcome measure evaluated by patients
Pain with motion
Pain at rest
Pain at night
Restriction of activity
Overall assessment of arthritic pain

QOutcome measure evaluated by assessor
Medial joint
Tenderness
Lateral joint
Tenderness
Pain while walking
Overall assessment of clinical condition

g-Statistical values

q q
(hylan G-F 20-only vs  (hylan G-F

1

20-only vs

NSAID-only) NSAID-only)
1.24 0.71
2.26 1.19
1.58 0.74
0.89 <0.01
1.23 0.63
1.36 0.68
1.78 0.72
1.44 0.89
1.44 0.90

NSAID, non-steroidal anti-inflammatory drug.

who was in the hylan G-F 20 + NSAID group. Thus,
in this patient population, synovial effusions
resolved by the third arthrocentesis, whether or not
the patients were treated with continuous NSAID
therapy or with viscosupplementation with hylan
G-F 20. Furthermore, a separate statistical analysis
of efficacy for the patients with effusions demon-
strated that they did as well clinically as patients

that presented without an effusion (data not
shown).

ASSESSMENT OF EQUIVALENCY

Because all the treatments were effective at 12
weeks, essentially without any statistically signifi-
cant differences, it was necessary to analyze the
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ability of the study to have detected a difference
among the treatments. One approach to this is to
determine the lower 95% confidence-limit of the
ratio of the least mean squared improvements from
baseline for the efficacy wvariables of the test
treatment to the control treatment. This type of
analysis, the so called g-statistical analysis, is one
way suggested by U.S. regulatory agencies to
evaluate the therapeutic equivalence of similar
pharmaceutical agents [34]. A ql value (the lower
~ confidence limit of the improvement ratio) of 0.6 is
the minimal value that can be considered to
demonstrate therapeutic equivalence [34]. There-
fore, q-statistical analysis was performed to
determine whether or not, with 95% confidence, the
efficacy of hylan-only treatment was greater than
or equal to the efficacy of NSAID-only treatment.
The q values reported in Table III(b) are defined as
the ratio of the least mean square improvement for
the hylan-only group to that for the NSAID-only
group. The q values are >1 for every outcome
measure except activity restriction, because the
magnitude of improvement is greater in the hylan
G-F 20-only group. The last column of Table 111 lists
the gl values. These are > 0.60 for all values except
restriction of activity. Thus, the hylan G-F 20-only
and NSAID-only groups can be considered equival-
ent, to a 95% confidence level, for all outcome
measures except activity restriction.

FOLLOW-UP BETWEEN WEEKS 12 AND 26

Patients were instructed to telephone the
investigator if their pain returned to its pre-study
level. None of the patients in the hylan G-F
20+ NSAID group reported a return of pain to
pre-study levels, compared with five (16%) of the
NSAID-only patients and seven (26%) of the hylan
G-F 20-only patients. The superiority of the hylan

G-F 20+ NSAID group in this respect was
statistically significant (P =0.019).

Resumption or discontinuation of NSAID therapy
was also monitored between weeks 12 and 26.
Only one patient (3%) in the NSAID-only group
discontinued NSAID therapy, compared to five
(16%) of the hylan G-F 20+ NSAID group, but this
difference was not statistically significant. In the
hylan G-F 20-only group, 12 (44%) of the patients
were able to completely refrain from NSAID therapy
for the entire 26 weeks. This difference between the
hylan G-F 20-only group and the two NSAID groups
was statistically significant, but these differences
are at least partially attributable to the study
design.

26 WEEK FOLLOW-UP

The longer term efficacy of viscosupplementation
with hylan G-F 20 was assessed by a telephone
interview between the evaluator and the patient 24
weeks after the last arthrocentesis or hylan G-F 20
injection. Because the method of assessment at 26
weeks differed from that at baseline, improvement
scores at week 26 could not be calculated relative to
the baseline scores. The mean VAS scores at week 26
for the three treatment groups are presented in
Table IV. Only the patient-evaluated VAS variables
were determined, because the evaluator was
judging the patient’s perception of clinical con-
dition, rather than performing a personal evalu-
ation. As was observed at the week 12 endpoint, both
hylan G-F 20 groups consistently showed better
scores than the NSAID-only group. But in contrast
to the week 12 endpoints, there were a number of
statistically significant differences in the hylan G-F
20-only group vs the NSAID-only group, and for the
hylan G-F 20+ NSAID group, statistically signifi-
cant superiority over the NSAID-only group was

Table IV
Mean visual analog scale scores at week 26 assessed by the follow-up telephone interview at
week 26. The values are the means of the visual analog scale scores + S.E.

Outcome measure

Hylan G-F 20+

Pain with motion
Pain at rest

Pain at night
Restriction of activity
Overall assessment of arthritic pain

NSAID  Hylan G-F 20 NSAID
(N=31) (N=27) (N=32)
52 + 4* 4045 37 + 4%
22 + 3* 25 + 3% 11 4 3%%
928 + 4% 25 + 5% 9 + 4%}
52 + 5* 4145 38 + 4
52 + 4* AT ¥4 37+ 4

*Indicates that the hylan G-F20+non-steroidal anti-inflammatory drug (NSAID) group was
statistically significantly superior (P < 0.05) to the NSAID-only group in all the variables.
tIndicates where comparisons between the hylan G-F 20 + NSAID group and the hylan G-F 20-only group
were statistically significantly different (P < 0.05), i.e. pain at rest and pain at night.
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Table V
Patients who were ‘symptom-free’ at the week 26 follow-up telephone interview. Symptom-free was defined
as a reduction of the patient’s visual analog scale score to <20 mm

Hylan G-F 20-
NSAID-only only Hylan G-F 20+ NSAID

Outcome measure N (%) N (%) N (%)

Pain with motion 2 (6%)*t 8 (30%)* 9 (28%)t

Pain at rest 15 (48%)t 13 (48%)t 26 (81%)tt

Pain at night 15 (48%)t 17 (63%) 25 (81%)t
Restriction of activity 3 (10%) 7 (26%) 8 (25%)
Overall assessment of athritic pain 3 (10%) 5 (19%) 8 (26%)

*Indicates where comparisons between the hylan G-F 20-only group and the non-steriodal anti-inflammatory drug
(NSAID)-only were statlstlcally significantly different (P < 0.05).
tIndicates where comparisons between hylan G-F 20+ NSAID group and the NSAID-only group were stat1stlcally
significantly different (P < 0.05).
1Indicates where comparisons between the hylan G-F 20 + NSAID group and the hylan G-F 20-only group were statistically

significantly different (P < 0.05).

found for every evaluation variable. Thus, when
pain is measured 6 months after hylan G-F 20
administration, the efficacy of viscosupplementa-
tion with continuous NSAID therapy is statistically
significantly better for variables which did not show
any difference at 12 weeks. Rest pain and night pain
in the hylan G-F 20+ NSAID group were also
significantly improved when compared to the hylan
G-F 20-only group at week 26. These data suggest a
long-term additive value for hylan G-F 20 viscosup-
plementation when combined with NSAID therapy.

Table V presents a categorical analysis of the
percentage of patients in each treatment group
whose VAS scores were reduced to <20 mm, which
was defined as a ‘symptom free’ score. Again the two
hylan G-F 20 groups consistently did better than the
NSAID-only group, with pain with motion in the
hylan G-F 20-only group being significantly better,
and pain with motion, pain at night and rest pain

significantly better in the hylan G-F 20+ NSAID
group.

Fifteen patients in the hylan G-F 20-only group
resumed taking their NSAID at some point between
weeks 12 and 26, and 12 were able to refrain
completely from NSAID use (Table VI). The protocol
did not specifically instruct the patients with
respect to NSAID therapy after the last study visit
(week 12). These two subgroups of the hylan G-F
20-only group were separately evaluated and
compared. The hylan G-F 20-only patients who took
no NSAIDs for the entire 26-week period were called
‘hylan G-F 20-only-26’, and the hylan G-F 20-only
patients who resumed NSAID use between weeks 12
and 26 were called ‘hylan G-F 20-only-12’.

The 12 ‘hylan .G-F 20-only-26’ patients, i.e. those
who were able to refrain completely from NSAID
therapy for the full 26-week period, had consistently
better scores than did the 15 ‘hylan G-F 20-only-12’

Table VI
Outcome measures for the hylan G-F 20-only group—comparison between those who did or
did not resume use of non-steriodal anti-inflammaiory drugs (NSAIDs) between weeks 12
and 26. The mean visual analog scale measures + s.E. for the outcome measures assessed at -
the 26 week follow-up telephone interview for the patients who were randomized to the hylan
G-F 20-only group, comparing the patients who resumed using an NSAID with those who
did not ,

Mean + s.E.

Hylan G-F 20-only-12 Hylan G-F 20-only-26

Variables (N=15) (N=12) P-value
Pain with motion 56 +5 21 +5 0.0001
Pain at rest 30+ 5 19+ 6 NS
Pain at night 31+8 17+ 9 NS
Restriction of activity 53+ 6 25+ 6 0.0029
Overall pain b5+ 6 37T+7 0.0468

The ‘hylan G-F 20-only-12’ subset is the patients in the hylan G-F 20-only group who resumed NSAID
therapy between weeks 12 and 26. The ‘hylan G-F 20-only-26’ subset is the patients in the G-F 20- only group
who did not resume NSAID therapy between weeks 12 and 26. -
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patients, i.e. those who resumed NSAID use. For
three of the five pain variables this difference was
statistically significant despite the small group size
(Table VI). Although this observdation probably
results, at least in part, from the fact that patients
who resumed NSAIDs did so because they were
experiencing increased pain, nevertheless 44% of
the patients in the hylan G-F 20-only group were
sufficiently improved for 6 months to refrain
completely from taking NSAIDs, and many were
improved to a level that they would be classified as
‘symptom-free’ (<20 on VAS).

SAFETY

Sixty-eight patients in the ‘intent-to-treat’ patient
population received a total of 238 hylan G-F 20
injections (with or without NSAIDs). One patient
received a single injection, 55 received three
injections and 12 received six injections. Adverse
events were reported in the case report forms of only
six patients. Three of these were unrelated to hylan
G-F 20 injections: one patient was in the
NSAID-only group, one patient had an accident-
related lower back sprain and one patient had a
whiplash resulting from an automobile accident.
The remaining three patients had local and
transient adverse events in the injected knees; only
one resulted in withdrawal from study.

Two of the three local reactions observed after
intra-articular injection of hylan G-F 20 that were
attributable to the device were similar in their
clinical presentation. Pain began within 24 h after
injection, accompanied by warmth and effusion.
The effusion was removed by arthrocentesis and
analyzed for cells, crystals and microbiology.
One of the synovial fluids was reported to have a
high macrophage count, but they were otherwise
unremarkable. Both patients recovered within
several days without sequelae. The third adverse

event was not reported until several months after

the injections were completed and the temporal
relationship between the injection and the onset
of pain was not clear. The patient continued to
receive intra-articular hylan G-F 20 and no effusion
could be collected during the arthrocenteses that
preceded each subsequent two injections. Despite
the patient’s reported increase in pain, his VAS
scores for pain decreased over the course of the
three hylan G-F 20 injections.

Discussion

This clinical trial was designed to provide
practical information on how hylan G-F 20 visco-
supplementation fits into the medical armamentar-

ium for treating OA of the knee. It addresses the
clinically relevant question of how to treat patients
with OA on NSAID therapy who are not achieving
sufficient pain reduction. Furthermore, the study
design enabled an evaluation of whether hylan G-F
20 viscosupplementation can prevent a flare in pain
when NSAID therapy was discontinued. For these
reasons the study was designed without a wash-out
period and without a placebo control. The three
study groups enable a direct comparison of
patients on NSAIDs who either: (1) continue their
medication; (2) discontinue their medication and
replace it with three hylan G-F 20 injections; or
(3) continue their medication and add three hylan
G-F 20 injections to their therapeutic regimen.
Patients in all three groups received arthrocenteses
in order to control for the intra-articular injection
and to maintain blindness.

The results of this study support the hypothesis
that treatment of the pain of OA of the knee with
hylan G-F 20 is at least as effective as treatment with
NSAIDs. Furthermore, the patients discontinued
from NSAIDs did not flare when they were treated
with hylan G-F 20 viscosupplementation. The
patients improved with all treatments, but among
their responses only a few of the differences were
statistically significant, all in favor of hylan G-F 20,
but these differences were of small magnitude
and would not likely be clinically meaningful.
The question of whether or not a significant
difference was missed (type II error) was addressed
by analyzing the data for equivalence. The result
of this analysis showed that the response with
hylan G-F 20 alone was, at the 95% confidence
level, at least 60% as efficacious as that of the
NSAID-treated groups. This is the level that is
conventionally accepted as indicating pharma-
ceutical equivalence [34].

It is interesting to note that there was an
increased response to NSAIDs, despite the absence
of a wash-out phase. Several factors may contribute
to this response. First, participation in the
trial itself may have a placebo effect. Second, the
patients may also have responded to arthrocentesis.
Finally, these improvements may also reflect the
natural cycle of flare and remission that character-
izes pain of OA. However, irrespective of the cause,
there is no reason to suspect that the response was
due to a factor that differs among the treatment
groups.

The study was not designed to and cannot answer

- the question of whether or not there was a

synergistic effect. If there were, the magnitude
would have to be small. Likewise, there 1s no
suggestion whatsoever of any antagonistic influ-
ences between hylan G-F 20 and NSAIDs.




224 Adams et al.: Hylan G-F 20 and NSAIDs in OA

Data obtained by telephone interview 26 weeks
after the three hylan G-F 20 injections demonstrate
some’ statistically significant differences between
these three alternative treatments. The hylan G-F 20
and NSAID group showed significantly less
pain than the NSAID-only group for all of the key
outcome measures. Even the hylan G-F 20-only
group showed significantly less pain on motion
when the week 26 data were analyzed categorically
(data not shown). Thus, there appear to be some
benefits emerging 6 months after patients are
treated with hylan G-F 20, despite their being little
if any measurable benefit over NSAID therapy at 3
months after hylan G-F 20 injection.

One of the most important aspects of viscosupple-
mentation compared with therapy with analgesics
or NSAIDs is that its analgesic effect lasts for
" months after the intra-articularly injected viscosup-
plementation product has cleared the joint and the
body. Studies on animals and humans clearly
showed that injected exogenous hyaluronan and
hylan G-F 20 is completely removed from the joint
and the body within 7-14 days {38, 39]. Yet, as this
study showed, 44% of the hylan G-F 20-only treated
patients showed significant improvement after
6 months, without any concomitant therapeutic
intervention.

The indication for treatment with hylan G-F 20 is
to relieve the pain of OA of the knee and in that it
was shown to be as effective as continuous NSAID
therapy. This trial, in the time frame of the 12 weeks
of the study and the 26 week follow-up, can not, of
course, address the issues of ‘chondroprotection’ or
‘chondrodestruction’, i.e. whether or not the
treatment affects the rate of change in the structural
deterioration of the joint. Nevertheless, if the pain
relief afforded by the therapy allows normal, but not
excessive, joint use, one might expect at least a
beneficial physiological response. It could also
confer extra benefit to the patient by allowing
constitutional exercise without gastric, hepatic and
renal toxicity, or other systemic side-effects of the
NSAIDs.

References

1. Kramer JS, Yelin EH, Epstein WV. Social and
economic impacts of four musculoskeletal con-
ditions. Arthritis Rheum 1983;26:901-7.

2. Cunningham LS, Kelsey JL. Epidemiology of
musculoskeletal impairments and associated dis-
ability. Am J Public Health 1984;74:574-9.

3. Gardner DL. The nature and causes of osteoarthrosis.
BM.J 1983;286:418-24.

4. Howell DS. Pathogenesis of osteoarthritis. Am JJ Med
1986;80:24-8.

5. Adams ME. Pathobiology of knee osteoarthritis:
influences of medical therapy and of usage. In

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Hadler NM, Ed. Clinical concepts in regional
musculoskeletal illness. Orlando, FL, USA: Grune
and Stratton 1987: 137-67.

. Hadler NM. Knee pain is the malady—not osteo-

arthritis. Ann Intern Med 1992;116:598-9.

. Adams ME. Diagnosing osteoarthritis and mini-

mizing the effects. Medicine North Am- 1991;4:
3082-90.

. Pelletier J-P. Osteoarthritis: update on diagnosis and -

therapy. J Rheumatol 1991;18(Suppl 27):1-149.

. Bradley JD, Brandt KD, Katz BP, Kalasinski LA,

Ryan SI. Comparison of an anti-inflammatory dose
of ibuprofen, an analgesic dose of ibuprofen, and
acetaminophen in the treatment of patients with
osteoarthritis of the knee. N Engl J Med 1991,
325:87-91.

Sanders PA, Grennan DM. Non-steroidal anti-
inflammatory drugs versus simple analgesics in the
treatment of arthritis. Bailliére’s Clin Rheumatol
1990;4:371--85.

Gabriel SE, Jaakkimainen L, Bombardier C. Risk
for serious gastrointestinal complications related
to use of nonsteroidal anti-inflammatqry drugs. Ann
Intern Med 1991;115,10:787-96.

Hallas J, Jensen KB, Grodum E, Damsbo N, Gram LF.
Drug-related admissions to a department of
medical gastroenterology. The role of self-
medicated and prescribed drugs. Scand J Gastroen-
terol 1991;26:174-80.

Inman WH. Non-steroidal anti-inflammatory drugs:
assessment of risks. Eur J Rheumatol Inflamm
1987;8:71-85.

Bloom BS. Direct medical costs of disease and
gastrointestinal side effects during treatment for
arthritis. Am J Med 1988;84:20—4.

Ehsanullah RS, Page MC, Tildesley G, Wood JR.
Prevention of gastroduodenal damage induced by
non-steroidal anti-inflammatory drugs: controlled
trial of ranitidine. BM<J 1988;297:1017-21.

Agrawal NM, Roth S, Graham DY, White RH,
Germain B, Brown JA. Misoprostil compared
with sucralfate in the prevention of non-steroidal
anti-inflammatory drug-induced gastric ulcer. A
randomized, controlled trial. Ann Intern Med
1991;115:195-200.

Graham DY, Agrawal NM, Roth SH. Preventlon of
NSAID induced gastric ulcer with misoprostil: a
multicentre, double-blind, placebo-controlled trial.
Lancet 1988;3:1277-80.

Balazs EA. The physical properties of synovial fluid
and the special role of hyaluronic acid. In Helfet A,
Ed. Disorders of the knee, 2nd ed. Philadelphia, PA:
JB Lippincott Company 1981:61-74.

Balazs EA, Watson D, Duff IF, Roseman S. Hyaluronic
acid in synovial fluid. I. Molecular parameters of
hyaluronic acid in normal and arthritic human
synovial fluid. Arthritis Rheum 1967;10:357-76.

Balazs EA, Denlinger JL. Viscosupplementation:
a new concept in the treatment of osteoarthritis.
J Rheumatol 1993;20(Suppl 39):3-9.

Balazs EA, Denlinger JL. The role of hyaluronic acid
in arthritis and its therapeutic use. In Peyron JG,
Ed. Osteoarthritis current clinical and fundamenital
problems. Paris: Ciba Geigy 1984:165-74.

Peyron JG. Intra-articular hyaluronan injections
in the treatment of osteoarthritis: state-of-the-art
review. J Rheumatol 1993;20(Suppl 39):10-5.




Osteoarthritis and Cartilage Vol. 3 No. 4

225

23.

24.

25.

26.

27.

28.

29.

30.

Phillips MW. Clinical trial comparison of intra-
articular sodium hyaluronate products in the horse.
J Equin Veter Sci 1989;9:39-40.

Balazs EA, Band PA, Denlinger JL et al. Matrix
engineering. Blood Coag Fibrin 1991;2:173-8.

Balazs EA, Leshchiner EA. Hyaluronan, its cross-
linked derivative—hylan—and their medical
applications. In Inagaki H, Phillips GO, Eds.
Cellulosics utilization: research and rewards in
cellulosics. Proceedings of Nisshinbo International
Conference on Cellulosics Utilization in the Near
Future. New York: Elsevier Applied Science
1989:233-41.

Saphwan A, Phillips GO, Deeble DJ, Parsons B,
Starnes H, von Sontag C. The enhanced stability
of the cross-linked hylan structure to hydroxyl (OH)
radicals compared with the uncross-linked hyaluro-
nan. Radiat Chem Phys 1995:(in press).

Scale D, Wobig M, Wolpert W. Viscosupplementation
of osteoarthritic knees with Hylan: a treatment
schedule study. Curr Ther Res 1994;55:220-32.

Adams ME. An analysis of clinical studies of the
use of cross-linked hyaluronan, hylan, in the treat-
ment of osteoarthritis. J Rheumatol 1993; 20
(Suppl 39):16-8.

Kellgren JH. The epidemiology of chronic rheumatism,
2nd Ed. Philadelphia, PA: FA Davis 1963:
1-44.

Price DD, Harkins SW. Combined use of experimental
pain and visual analogue scales in providing
standardized measurment of clinical pain. Clin J
Pain 1987;3:1-8.

31.

32.

33.

34.

35.

36.

37.

38.

39.

United States Food and Drug Administration. United
States Code of Federal Regulations: obligations of
clinical investigators 1977;Title 21: Part 812.

United States Food and Drug Administration. United
States Code of Federal Regulations: obligations of
sponsors and monitors 1978;Title 21: Part 812.

Koch GG, Edwards S. Clinical efficacy trials with
categorical data. In Peace KE, Ed. Biopharma-
ceulical statistics for drug developmeni. New York:
Marcel Dekker 1988:403-58.

Temple R. Guidelines for the clinical evaluation of
anti-inflammatory and antirheumatic drugs (adults
and children). Rockville MD: Food and Drug
Administration 1988:7.

Bellamy N. Musculoskeletal clinical metrology.
Dordrecht: Kluwer Academic Publishers 1993.

Altman R, Asch E, Bloch D, Bde G, Borenstein D,
Brandt K et al. Development of criteria for the
classification and reporting of osteoarthritis.
Classification of osteoarthritis of the knee.
Arthritis Rheum 1986;29:1039-49.

Bellamy N. Standardized procedures for outcome
measurement and parameters for calculating
sample size for anti-rheumatic drug studies. In
Bellamy N, Ed. Musculoskeletal clinical metrology.
Boston: Kluwer Academic Publishers 1993:193-251.

Larsen NE, Balazs EA. Drug delivery systems using
hyaluronan and its derivatives. Adv Drug Deliv Rev
1991;7:279-93.

Weiss C, Bard P. Musculoskeletal applications of
hyaluronan and hylan. Potential uses in the foot
and ankle. Clin Ped Med Surg 1995;:12:497-517.




