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Abstract Hyaluronan iscritical for the homeostasis of thejoint asan organ, in part, because

it provides the rheological properties (viscosity and elasticity) of the synovial
fluid. These properties depend upon both the concentration and the molecular
weight of the hyaluronan in the synovial fluid. In osteoarthritis, the hyaluronan
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is both smaller in size and lower in concentration. Thus, it is rational and physi-
ologically meaningful totreat osteoarthritiswith viscosupplementation, i.e. injec-
tion of material designed to increase the rheological properties of the synovial
fluid.

It isimportant, though, to assess the risks and benefits of such a physiological
treatment. There are various products on the market for viscosupplementation.
Theseinclude hya uronan preparations of relatively low molecular weight (Hyalgan®
and ARTZ®), ahyaluronan preparation of intermediate molecular weight, but still
lower molecular weight than that of the hyaluronan in normal healthy synovial
fluid (Orthovisc®), and a cross-linked hyaluronan (a hylan) of high molecular
weight (Synvisc®). Theevidencefromin vitro and in vivo models of osteoarthritis
and from clinical trias to date suggests that efficacy, as would be expected by me-
chanistic reasoning, depends strongly upon molecular weight.

The avail able evidence indicates that these products differ little in the inci-
denceand severity of adverse events (about 2t0 4%, amost alwayslocal swelling,
and with no adverse sequelae). All are very well tolerated in comparison to non-
steroidal anti-inflammatory drug therapy, athough direct comparisons are few. The
only potentially serious adverse event isjoint infection, whichisrareand directly
dependent upon the number of injections, among other factors. Noinfection hasbeen
related to contamination of any of the products.

In summary, treatment with low molecular weight preparations of hyaluronan
seems to be effective. However, viscosupplementation with hyaluronan prepara-
tions may have dightly higher risk and less benefit than viscosupplementation with
hylans, because the relatively lower molecular weight hyauronan preparations re-
guiremoreinjectionswhich may incur higher costsand theoretically an increased
chance of infection. Viscosupplementation with hylans is clearly effective, and the
available evidence suggests that the benefits almost certainly outweigh the risks.

1. Osteoarthritis

Osteoarthritisisthe most common and most costly
type of arthritis; many studies show the very high
cost of osteoarthritis.-! Yet, compared with some
other typesof arthritis, e.g. rheumatoid arthritis, lupus
and scleroderma, osteoarthritis is not associated
with dramatically increased mortality. Anincrease
in mortality hasbeen documented,®! but osteoarthri-
tis also correlates with lower socioeconomic class
and lower educational attainment,!”) both of which
correlate with an increased mortality. The authors
are unaware of any studies showing that osteoar-
thritisitself, irrespective of other factors, increases
mortality.

Nonsteroidal anti-inflammatory drugs (NSAIDS)
are commonly used to treat osteoarthritis, but this
therapy isassociated with avery high number of gas-
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trointestinal bleeds.®! Perhaps as many as 16 500 pa-
tients per year in the US die from NSAID-induced
bleeding.[®!

Thus, itiscritically important, whentreatinga' be-
nign’ disease like osteoarthritis, to ensure that the
risks of the treatment do not outweigh its benefits.

This article consists of, first, adescription of vis-
cosupplementation, and the experimental basisand
rationalefor it, and, second, reviews of the datafrom
clinical trials showing efficacy and adverse effects
for the viscosupplementation products currently
marketed for osteoarthritis. Lastly, we present our
interpretations of the scientific literature and conclu-
sions drawn from it.

The article represents as objective an appraisal
of the relative risks and benefits of viscosupplemen-
tation with hyaluronan and itsderivatives as can be
done under the present circumstances. To date, there

Drug Safety 2000 Aug: 23 (2)
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Table I. Viscosupplementation products

Trade name Generic name Average molecular Complex viscosity % Elasticity =~ Polysaccharide Dosage schedule
weight (x 10°D) (Pa*secat (at 3Hz) concentration (ml x no. of wks)
0.02Hz) (ug/L)
Hyalgan® Hyaluronan 0.6 <0.1 29 10 2x5
ARTZ® Hyaluronan 0.75 0.3 33 10 25x3
Orthovisc® Hyaluronan 1.55 42 63 15 2x3
Synvisc® Hylan 6 213 88 8 2x3

have been no published trials comparing one prod-
uct for viscosupplementation with another, though
some completed clinical trialshave been presented
at scientific meetings.

This review concentrates on peer-reviewed pub-
lications and, when necessary, presents the results
from verbal presentationsor abstractsof completed
but unpublished clinical trials.

1.1 Clinical Analyses of Efficacy and Safety

Assessments of therapeutic efficacy and safety
aregenerally best performed using double-blind, ran-
domised, controlled clinical trials. The control can
be aplacebo or an active treatment. However, with
blinding for injectable material some difficulties
arise. If the therapist cannot be blinded, an indepen-
dent assessor should be used to maintain double-
blinding. With single-blind studies the results can
often be misleading, astherapies can have very large
placebo effects.

It is difficult, though not impossible, to assess
efficacy from open trials, i.e. with no comparison
to either placebo or active drug. Open studies can
also be used for safety data but it is difficult to be
certain that adverse effects that are known to be
common in placebo arms of clinical trias are due
to the product. If a specific event has been defined
as related to the product with a defined temporal
sequence and is uncommon otherwise, then quite
reasonable data concerning the related effect can
be obtained. Historical controls can be used, if
thesearewell defined and if there has been no other
significant change in the therapeutics of the dis-
ease in question since the data for the historical
controls had been gathered.

0 Adis International Limited. All rights reserved.

2. Viscosupplementation

2.1 What Is It?

Theuseof intra-articular injections of high elasto-
viscous solutions of hyaluronan or hylans (cross-
linked derivatives of hyaluronan) to treat arthritis
is called viscosupplementation.!1° The aim of visco-
supplementation isto restore the rheological prop-
erties(viscosity and el asticity) of thesynovial fluid
(molecular weight of hyaluronan in healthy syno-
vial fluid is about 3 to 4 x 108D). These products
also have other effects, such as free radical scav-
enging, especially with the hylans,[*1! and antino-
ciceptive effects,[12 and may promote the normalis-
ation of the hyal uronan synthesis '3l (seesection 2.3).

2.2 Types of Products

Theclinical use of hyauronan was made possi-
ble by the development of a sterile, noninflamma-
tory preparation with sufficient purity, molecular
weight and elastoviscous propertiesto be medical-
ly useful. Thefirst of these preparationswithahigh
molecular weight was developed in the 1960s by
Balazd¥ and was called by itsacronym NIFNaHA
(noninflammatory fraction sodium hyaluronan).
This preparation is now marketed as under the name
Healon® for ocular surgery but it is not marketed
for osteoarthritis.

Several preparations of hyaluronan are in use
for the treatment of osteoarthritis of the knee. These
are, listed inincreasing molecular weight, Hyalgan®,
ARTZ®, Orthovisc®, and a cross-linked derivative
of hyaluronan (Synvisc®). These 4 products are con-
sidered in this article and their general properties
arelisted intablel.

Drug Safety 2000 Aug: 23 (2)
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2.3 Effects of Viscosupplementation
In Vitro and in Animails

2.3.1 In Vitro Effects

In vitro, high viscosity solutions of hyaluronan
have effects on inflammatory cells, including inhi-
bition of lymphocytetransformation,!1®! the phago-
cytic activity of macrophages and leucocytes, and
the release of prostaglandins.[131617 |n vitro, both
hyaluronan and hylan protect chondrocytes or car-
tilage explants from degradation by enzymes,
interleukin-1, and oxygen-derived free radicals, and
this action isviscosity (molecular weight) depend-
ent.l18] |n addition, in bovine cartilage, hyaluronan
stimulates the production of tissue inhibitor of
metalloproteases-1.119 In general, these cellular pro-
tective activities, as well as the protection against
physical damage, are dependent upon both the con-
centration and the molecular weight of hyalur-
onan.[13.15-19]

It is observed that hyaluronan and hylan prod-
ucts have effects that last longer than their resi-
dence timesin thejoints. Hya uronan solutionsin-
fluencethe synthesis of hyaluronanin synovial cell
cultures.[13] This effect reaches amaximum 48 hours
after hyaluronan is added to the culture medium
and is also concentration- and molecular weight-
dependent. A proposed possible explanation isthat
this stimulatory effect results from simultaneous
activation of multiple cell-surface receptors, thus
requiring aparticular molecular weight and confor-
mation. This persistent effect might also result
from scavenging of free radicals, thus alowing pro-
duction of alarger form of hyaluronan, a process
that would be at least partially self-perpetuating.
The prolonged effect of the hylan-based product
may also partially be explained by the presence of
hylan B (see section 3.4) in thejoint for aslong as
30 days.[20]

Interleukin-1 also stimulates hyaluronan syn-
thesisin cultured fibroblasts.[2! However, much of
this newly synthesised hyaluronan has a very low
molecular weight,[2] and this, asthe authors of this
report suggest, may partially account for the smaller
size of hyaluronan in osteoarthritis.

0 Adis International Limited. All rights reserved.

In summary, hyaluronan solutions display many
regulatory and protective effects on cells and tissues
that are related to their molecular weight and their
elastoviscous properties.

2.3.2 Animal Model Studies

Thereisan increasing body of evidence from an-
imal model studies (using rabbit, mouse, dog, etc.)
showing that hyal uronan can protect cartilagefrom
physical damage. Thereareno studiesshowing this
effectin humans. Thisislargely dueto the pragma-
tic reasonsof the cost of such studies, the necessary
study duration and thus the rate of dropouts, and
especialy thelack of asufficiently precise method of
assessing the cartilage structure in vivo in humans.

Aswith thein vitro studies, many of the animal
studies show that the higher the molecular weight
of the product (hyaluronan or hylan), the better the
effect on the cartilage protection. Viscosupplemen-
tation, to our knowledge, has not been well studied
in immobilisation of the human knee, though this
would seem to be worthwhile.

Among the earliest studies was one performed
with Healon® by Rydell and Balazs.[?2 Two types
of experimentsweredoneonjoints. Inthefirst, horses
with spontaneous traumatic or degenerative arthri-
tis were injected with Healon®, methylprednisolone,
or both. All horsesimproved, but the horsestreated
with both agents did substantially better. In another
set of experimentsusing both dogs and owl monkeys,
the lateral femora condyles were wounded surgi-
cally. Healon® was injected every fourth day for 4
weeks, and the animals were sacrificed after 6 to
8 weeks. The injected joints were reported to be
smoother and to show less signs of reaction than
the noninjected joints.

Using amodel of immobilisation of the knee of
the rabbit, Kikuchi et al.[23] reported that treatment
with arelatively high molecular weight hyaluronan
(SL-1010; molecular weight = 2.02 x 10D pro-
duced by bacterial fermentation) resulted in a sig-
nificantly better range of motion than did treatment
with either a lower molecular weight hyaluronan
(molecular weight = 9.8 x 10°D) or with saline.
Using a similar rabbit model, Sakakibara et al.[2]
showed that treatment with hyaluronan of molecu-
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lar weight 2.02 x 108D was more potent at reducing
the loss of range of motion and the histological
changesinthekneesthan hyaluronan of 9.8 x 10°D
molecular weight or saline.

Again, using asimilar mode!, Kido et al.l?®! used
SL-1010 and ahyaluronan of 9.5 x 10°D molecular
weight or saline as controls and reported that the
SL-1010 resulted in asignificantly higher range of
motion and content of sulphated glycosaminogly-
cans than did the control treatments.

Kikuchi et al.128] used arabbit partial meniscec-
tomy model to test the effect of hyaluronan 1.9 x
10°D molecular weight, hyaluronan 8.0 x 10°D
molecular weight (ARTZ®) or saline on cartilage
degeneration. Both of the hyaluronan preparations
significantly inhibited cartilage degeneration com-
pared with saline, and the effect of the higher mo-
lecular weight preparation was better than that of
the lower molecular weight preparation, signifi-
cantly so for the femoral condyle.

Armstrong et a.[?] studied the effect of ARTZ®
in an ovine meniscectomy model of osteoarthritis.
The animalstreated with ARTZ® had significantly
less severe histological changes and less severe,
though not significantly so, changesin the subchon-
dral bone compared with the animals treated with
saline.

Williams et al.,[28] used arabbit model of osteoar-
thritis induced by injection of fibronectin fragments
in the knee. The test knees were given pretreatment
with ARTZ® 1 day before injection of the fibro-
nectin fragments and showed | ess severe changes
at 1 week, but no differencesat 4 weeks, compared
with knees that were not pretreated with ARTZ®.

Inamodel using intra-articular papain toinduce
slight degenerative changesin the cartilage, Obara
et al.[2% showed that injection of ahyaluronan of 1
to 2 x 105D molecular weight resulted in signifi-
cantly decreased friction of the joint surface and
histological changes compared with animals who
did not receive hyaluronan. In this article the results
of astudy in 4 rabbits with anterior cruciate liga-
ment transection were aso presented. The hyaluro-
naninjectionsreduced thefrictionin 3 of the4 joints,

0 Adis International Limited. All rights reserved.

but no statistical tests were done on this small
group of animals.

Inastudy by Yoshiokaet al .[3% 99 rabbitsreceived
either injections of either hyaluronan (ARTZ®), or
vehicle carrier, or no injection. The hyaluronan in-
jectionsresulted in an amelioration of the histolog-
ical changes, and a partial preservation of the car-
tilage thickness, surface roughness, and thickness
of the synovial lining layer compared with vehicle.
There were, however, no changes in the biochemi-
cal measures (water content, glycosaminoglycan
content, DNA content).

Also using anterior cruciate ligament transec-
tionin rabhbits, Yoshimi et al.[3 compared the effects
of a higher molecular weight hyaluronan (2.02 x
106D), alower molecular weight hyaluronan (9.5
x 10°D), and saline. Thisresulted inimprovements
in the gross, histological, and histochemical meas-
urements, with both hyaluronan preparations ver-
sus saline, some of which were significant for the
group injected with the higher molecular weight hy-
aluronan.

Abatangelo et a.[32 reported on changesin lame-
ness, radiographs, and biochemistry in dogs with
an anterior cruciate ligament transection and weekly
injectionsof Hyalgan®, either beginning at thefirst
week or the seventh week, compared with untreated
control dogs. The animals were sacrificed at 7, 13,
and 17 weeks. Theseinvestigatorsreported decreases
in lameness and in radiographs, but performed no
statistics on these results. There were no statistically
significant changes in the biochemical measures. In
an accompanying article, Schiavinato et al.[33 repor-
ted that the morphological changeswereimproved in
the 17-week dogs that started treatment at week 7.

Marshal 134 reported in anon—peer reviewed ar-
ticle that changes were ‘significantly milder’ in a
bilaterally anterior cruciate ligament transected
dog model after injections of Synvisc®; however,
this article has not yet appeared in afull length peer-
reviewed journal.

Though really a clinica trial in equine veteri-
nary medicine, the results of a comparison of 5 dif-
ferent preparations of hyaluronan ranging from mo-
lecular weight 1.5 x 10° to 3.5 x 10°D by Phillipg3®!

Drug Safety 2000 Aug: 23 (2)
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Table Il. Rheological parameters of synovial fluid in the young, the
aged and in individuals with osteoarthritisi8!

Patient group Complex viscosity % Elasticity

(Pa« sec at 0.02Hz) (at 3Hz)
Young 137 94
Old 33 71
With osteoarthritis 0.4-5 36-73

are presented here. The 2 preparations of molecular
weight 3.5 x 10°D resulted in about 3 times longer
duration of increased soundness in the joints (a
combined measurement of range of motion, lame-
ness, joint effusion and heat in the joint) than prep-
arations of molecular weight 1.5 x 10°to 2 x 10°D.

Asari et al 138! presented datathat alower molec-
ular weight preparation of hyaluronan penetrated
arthritic synovium more than a higher molecular
weight preparation.

In contrast to the other evidence presented, a
review published in 199437 suggested that, based
on the available literature at the time, the clinical &f-
fect of hyaluronan may not be dependent upon the
molecular weight.

Studiesin animals and animal models, then, sug-
gest that hyaluronan can be effective in ameliorat-
ing the changesin various models of osteoarthritis.
When compared, higher molecul ar weight prepara-
tions of hyaluronan have almost always been shown
to be more effective than lower ones.

2.4 Rationale for Viscosupplementation
in Patients with Osteoarthritis

The molecular weight and rheological proper-
ties of naturally occurring hyaluronan in the syno-
via fluid are decreased with ageing and osteoar-
thritis (fig. 1, table 11). Consequently, the ability of
hyaluronan to protect the joint, both chemically and
rheologically, isimpaired.[38 Thus, viscosupplemen-
tation, or supplementation of the synovial fluid with
a high viscosity hyaluronan or hyaluronan deriva-
tive makes excellent physiological sense.[3940]

Theconcentrationsof al the preparationsfor visco-
supplementation differ less in their concentration
thanintheir molecular weight (tablel). Thus, the
differencesin their rheological properties are mostly

0 Adis International Limited. All rights reserved.

dependent upon their molecular weight (table I).
From the in vitro and anima model studies cited
above, it would be expected that preparations with
higher molecular weight would have better effects.
Wefeel that analysisof theclinical dataal so shows
that the higher molecular weight, the better the re-
sponse (see section 3).

3. Clinical Efficacy of
Viscosupplementation Products

3.1 Hyalgan®

3.1.1 Description of the Product

Hyalgan® isa1% solution of hyaluronan extracted
from rooster combs, as is the hyaluronan used in al
4 of the preparations discussed. It has a molecular
weight of 5to 7.3 x 10°D. The recommended treat-
ment consists of 5 injections of 20mg (2ml) given
once-weekly.[41-47]

Asaconsequenceof itsrelatively low molecular
weight (though paradoxically it has been described
as ' high molecular weight hyaluronan’), itsviscoe-
lastic properties are low relative to other prepara-
tions (table |) and are even as low or lower than
that of synovial fluid from agedindividuals(tablell).

3.1.2 Clinical Trials
Eight placebo-controlled studies have been pub-
lished (table Ill), as have 3 studies comparing

~ ® Young
50 m Old
45 - AOA

40
35
30
25 +
20 A
15
10
5 -

0 T T T T T T 1
10 8 6 4 25 1 0.7

Molecular size

Total HA (%)

Fig. 1. Molecular weight of hyaluronan in synovial fluid of young,
old, and osteoarthritic individuals. HA = hyaluronan; OA = osteo-
arthritis.
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Table IlI. Clinical trials with Hyalgan®

References Trial No. of No. of Results Remarks
duration patients injections
(wks)
Bragatini et al.,[*1 8 195 35 75-88% Hyalgan® responders vs 3 or 5 injections better than 1.
Grecimoro et al.* & 30-50% placebo responders Single injection of 40mg no
Carrabba et al.[3] better than 20mg
Henderson et al.[*4] 20 91 5 No statistical difference between Numerous patients withdrew.
Hyalgan® and placebo recipients Numerous adverse effects
except for use of escape NSAID
Dixon et al.[*3] 48 63 4 Patients receiving Hyalgan® did Patients improved more for pain
statistically better than patients at rest than for pain on
receiving placebo movement or activity
Dougados et al.[f] 52 95 4 Patients receiving Hyalgan® did Blinding not specified
better than patients receiving
placebo at 7 wks; few differences at
52wks
Listrat et al.1”] 52 36 9 Arthroscopic evaluation at 1yr, but Investigated progression
no control treatment specified over
6mo-1y. Patients receiving
Hyalgan® had better arthroscopic
results
Altman et al.l*8! 26 495 5 Patients receiving Hyalgan® did Comparisons with placebo and

statistically better than patients
receiving placebo with analysis of
covariance and repeat measures
analysis. Patients receiving
Hyalgan® did no better than patients
receiving naproxen

naproxen

NSAID = nonsteroidal anti-inflammatory drug.

Hyalgar® with corticosteroid injections.[46:49-51]
Theresultsfor efficacy have not been entirely con-
sistent. Short term controlled studies*1-43 totalling
195 patients show that approximately 75 to 88% of
the patients respond to Hyalgan® injections com-
pared to 30 to 50% who respond to placebo. There
was no significant advantage to increasing the dose
to 40mg per injection,*! but it was clear that aseries
of 3 or 5injectionshad abetter result over 2 months
than a single injection.[43!

One 5-month study of a 5-injection regimen(44
failed to show asignificant advantage of hyaluronan
over placebo except for adecreasein theuse of rescue
NSAIDs. A 48-week trial? found that Hyalgan®
was very effective compared with placebo for rest
pain and mildly effective for pain on movement.

A study of 95 patients#8! (47 receiving Hyalgan®,
4 injections) was carried out for 1 year. The study
was controlled, but no mention ismadein the pub-
lished paper about blinding, so it must be assumed

0 Adis International Limited. All rights reserved.

that thiswasan open-label study. At 7 weeks (4 weeks
after the last injection) the patients who had been
given Hyalgan®were better for all parameters mea-
sured. At 1 year, the Hyalgan® and control patients
were not different with respect to VAS pain at rest or
after exercise, but were better by physician’s global
assessment and the Lequesne index. In another
study of 1 yearl4”l 36 patients (19 given Hyalgan®,
17 control) were given 3 courses of 3 injections of
Hyalgan®, for atotal of 9 injections. In addition to
clinical parameters, the study entailed an arthro-
scopic evaluation of the joint before the treatment
and 1 year |ater. At that time, the progression of the
arthroscopically evaluated joint lesionswaslessin
the Hyalgan®-treated patients than in the control
group, thusraising the possibility of aretarding effect
on joint degradation.[4”] However, the study states
that the patients in the placebo arm were adminis-
tered ‘ conventional therapy’; no control aspirations
and injections were stated to be administered in the

Drug Safety 2000 Aug: 23 (2)
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later portion of thetrial, making it difficult tointer-
pret the results.

Recently, a3-arm study was published comparing
5 weekly injections of Hyalgan® with 5 placebo in-
jections and naproxen.[“8! Using the sophisticated
and valid statistical methods of analysis of covari-
ance, combined with repeat measuresanalysis, dif-
ferences between Hyal gan® and placebo were shown
in the primary efficacy measure, which was pain on
a50-foot walk. Whilethesedifferenceswere statis-
tically significant, they were not large in absolute
terms. No difference was shown between Hyalgan®
and naproxen.

However, in our opinion, this cannot be used to
say that Hyalgan® was equivalent, because in the
naproxen group no arthrocentesis was performed.
Arthrocentesis is thought by many to be an effec-
tivetreatment, accounting for some of theimprove-
ment versus baseline seen in the ‘ placebo’ arms of
studies of viscosupplementation. Thus, the naproxen
arm may have suffered anegative bias. The authors
stated they had not powered the study for an intent-
to-treat analysis, but used only a‘completers’ anal-
ysis. That this was not an intent-to-treat analysis
becomes important when trying to make compari-
sons, particularly between Hyalgan® and Synvisc®
(see section 3.4). For the latter drug, almost all of the
studies used an intent-to-treat analysis.

Three studies have compared corticosteroid in-
jectionswith Hyal gan®. Twol4%50 were open studies
using 6-methyl prednisolone acetate (40mg) injec-
tions and showed that the pain decrease with Hyal-
gan® was slower but ultimately as effective asthe
corticosteroid and lasted considerably longer.[49.50
Thethird study!>Y was a double-blind controlled trial
with 63 patients. However, there was a high dropout
rate, and an intent-to-treat analysisfailed to show any
significant differences. Analysis of the patients who
remained in the trial was reported to show a non-
significant trend in favour of hyaluronan. It is no-
table that double-blind controlled trials of cortico-
steroidsin osteoarthritisof thekneearefew, and some
of these do demonstrate its efficacy but show that
thedurationisamost alwayslessthan 2 months.[5253]

0 Adis International Limited. All rights reserved.

3.2 ARTZ®

3.2.1 Description of the Product

ARTZ®isa 1% solution of hyal uronan extracted
from rooster combs with an average molecular
weight of 6 to 8 x 10°D. Like Hyalgan®, it too is
often referred to as * high molecular weight hya uro-
nan’, though its molecular weight is clearly lessthan
that of the hyaluronan in normal synovial fluid.

The recommended treatment consists of 5 once-
weekly injections of 25mg (2.5ml).[54 As aconse-
quence of its slightly higher molecular weight than
Hyalgan®, its viscoelastic properties are slightly
higher than are those of Hyalgan® but are low rel-
ative to other preparations (table 1) and even to sy-
novial fluid from aged individuals (table I1).

3.2.2 Clinical Trials

The results of the clinical trials for efficacy of
ARTZ® havebeen mixed. Someclinical trialsshow
efficacy for atreatment series of 5to 16 injections,
depending on the patient population and theinves-
tigators. Clinical trials are summarised in table 1V.

Early short term trialg57 in 466 patients
showed that about 50 to 84% of the patients who
received ARTZ® improved and about 20 to 38%
weregraded ‘excellent’. In 1 controlled trial inwhich
60% of the patients responded to hyaluronan, 34%
were also improved by placebo injections.[56] One
study using multiple injections over 6 monthg>8l
showed 80% responders (43.5% graded ‘excel-
lent’) but an average of 13.7 injections was used per
patient. This suggests that many repeat injections
may necessary to increase the magnitude and dura-
tion of the effect.

A recent 14-week placebo-controlled trial(>9
showed a significant benefit of ARTZ® as measured
by the Lequesne index (an algofunctiona index).
However, a 1-year triall®? in patients selected by ar-
throscopic criteria found significant benefit for
ARTZ® only in the subgroup of patients more than
60 yearsof age and with aL equesneindex!5®! great-
er than 10. The intent-to-treat anaysis showed no dif-
ference between ARTZ® and placebo.

Taken together, the studies with ARTZ® and with
Hyalgan®, 2 preparations of similar molecular
weight, show that a unit doseis 20 to 25mg, and a
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Table IV. Clinical trials with ARTZ®

References Trial duration  No. of No. of Results Remarks
(wks) patients injections
Oshima et al.,[54 4-8 466 1-16 50-84% responders; 20.4to  Summary of 4 early short-term
Namiki et al.,[%] 38% ‘excellent’ studies. Only 1 was placebo
Shichikawa et al.5¢! & controlled, with 60% responders
Honma et al.[5] to ARTZ® vs 34% responders to
placebol>®]
Igarashi et al.[58 26 33 7-20 88% responders; 45.5% Study of multiple injections;
excellent average, 13.7 injections per
patient
Puhl et al.l 14 95 5 Lequesne index improved by  p < 0.005
4.4in ARTZ® group, 2.8 in
placebo group
Dahlberg et al.[t% 52 28 5 Improvement from baseline Patients all had prior arthroscopy
not statistically different from
placebo
Lohmander et al.[! 70 96 5 Improvement from baseline ARTZ® was only significantly

not statistically different from
placebo

better than placebo in the patient
subgroup aged 260y, having a

Lequesne index of 210

series of 5 or more consecutive weekly injections
isgeneraly necessary to produce a significant effect
over several weeks or months. Used in this way,
these hyaluronan injections are generally, but not
adways, more effective than placebo injections. The
effect lastslonger than that of corticosteroids (whose
effect has been well documented to be short). The
studiestend to show that symptoms, such aspain, are
better influenced than clinical signs, and that the
best resultsare obtained in patientswith mild to mod-
erate radiographical changes (Kellgren Lawrence
gradesll and I11) and with no or only small effusions.

3.3 Orthovisc®

Orthovisc®, likethe other preparations, is derived
from rooster combs. Its concentration is slightly
higher than that of the other preparations (tablel), but
its viscoelastic properties are still lower than that
of the hyaluronan in normal healthy synovial fluid
(tableIl).

Although Orthovisc® isavailablein Canada, there
are few publications from which to assess its effi-
cacy. A literature search reveal ed no peer-reviewed
publications of its efficacy or tolerability in osteo-
arthritis of the knee, though some clinical trias
have been conducted. It is, therefore, difficult to say
more about this preparation in thisindication.

0 Adis International Limited. All rights reserved.

3.4 Synvisc®

3.4.1 Description of the Product

Recently, more elastoviscous derivatives of
hyaluronan have been made available to clinical
medicine. Hylans are polymers of hyaluronan that
have been cross-linked through their hydroxyl
groups.[6465] They arevery highly hydrated,5¢! are
very powerful scavengersof hydroxyl radicalsand
are more stable to the action of these agents than
are noncrosslinked hyaluronan.[11

Synvisc® (hylan G-F 20) isamixture of 2 hylan
polymers, 80% by volume hylan A fluid and 20%
by volumehylan B gel. It was specifically devel op-
ed for the treatment of human osteoarthritis by vis-
cosupplementation. The average molecular weight
of Synvisc® is6 x 108D. Hylan B is a viscoelastic
gel in amicroparticulate form that is also derived
from hyaluronan. Because itisagel, it hasan infi-
nite molecular weight. It is extremely hydrated
(=99.5% solvent content) but is not water-soluble,
but isin suspension with thehylan A inthevehicle.

The elastic modulus of Synvisc® (table 1) is
greater than that of normal synovial fluid (tablell).
Its residence time in the joint fluid space and tis-
suesislonger than that of natural hyaluronan,!20.671
aswould be expected fromitslarger molecular size
and cross-linking. Residence time is about 23 hours
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Table V. Clinical trials with Synvisc®

References Trial duration No. of patients No. of injections  Results Remarks
Scale et al.[%8 12wk 80 20r3 Both the 2-injection and 3-injection treatment regimen
3-injection treatments statistically superior to
were statistically superior  2-injection regimen
to placebo
Adams(®9 26wk 18 3 Synvisc® was statistically At 6mo more of the Synvisc®
superior to placebo for all  patients still had ‘excellent’
outcome measures improvement’ vs placebo
Adams et al.,[""] 26wk 93 3 Synvisc® was as good or  Synvisc® was statistically
Adams!™ better than continuous superior to NSAID therapy
NSAIDs when using a repeat
measures analysis corrected
for covariates
Lussier et al.["2 2.5y 336 (122 treated 3 77% of patients rated Mean time to retreatment

(retrospective)  bilaterally)

‘much better’ or ‘better’ was 8.2mo. Improvement
lasted more than 6mo in the

majority of patients

NSAIDs = nonsteroidal anti-inflammatory drugs.

for a 1% solution of hyaluronan and about 20 to 30
daysfor a 0.4% solution of hylan B. Hylan B con-
tributes much to the elastoviscosity of Synvisc® as
well astotheincreaseintheresidencetime of thethis
combination product in the joint. The unit dose of
Synvisc® is 2ml (16mg of hylan), and the recom-
mended therapeutic regimen is once weekly for 3
injections.

3.4.2 Clinical Trials

Several clinica studies of Synvisc® have been
reported (table V).18872 Two dose-ranging, placebo-
controlled, double-blind trial %8 showed that 2 in-
jectionsof Synvisc® arestatistically significantly bet-
ter than placebo according to most criteria, but that
3 injections were significantly better than 2 injec-
tions at 8 and 12 weeks. Some statitical differences
from placebo were evident after the first Synvisc®
injection. A follow-up telephone survey at 26 weeks
suggested that Synvisc® was still effective at this
time. It was concluded that a 3-injection scheduleis
the optimum treatment schedul e.[8!

A double-blind, placebo-controlled, multicentre
study in 118 patients9 confirmed that most efficacy
outcome measures were significantly improved af -
ter thefirstinjection. Thiseffect increased and con-
tinued at least up to week 12, and was reported to be
increased in atelephone interview at week 26. At
12 weeks, for all outcome measures, many more of

0 Adis International Limited. All rights reserved.

the Synvisc®-injected than placebo-treated patients
had an ‘excellent’ result (using visual analogue scale
pain scores, <20mm). At 6 months, based on atele-
phone interview, this was still true.

In a double-blind, multicentre, randomised, con-
trolled trial in Canada, Synvisc® was compared to
continuous NSAID therapy in 93 patients.[’d In 1
group the patients continued their usual NSAID ther-
apy and received 3-weekly arthrocentesesasan in-
tra-articular control. In asecond group the patients
continued their usual NSAID therapy, but, in addi-
tion, received 3 Synvisc® injections; in the third
group the patients discontinued their usual NSAIDs
and instead received 3 Synvisc® injections.

At 12 weeks, the patients were evaluated in the
physiciansofficesor clinics. Inal 3treatment groups,
patients had improved compared with baseline.
There were differences between the groups only for
pain at rest; the Synvisc®-only group showed more
improvement compared with the other groups. At
26 weeks, telephone-evaluated outcome measures
were significantly better in the 2 Synvisc®-injected
groupsthan in the NSAID-alone group. It was con-
cluded that 3 Synvisc® injections were as good or
better than continuous NSAID therapy and could
be used to replace continuous NSAI D therapy, pro-
viding pain relief for more than 6 months. No in-
terference between the 2 treatments was observed.
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At therequest of the US Food and Drug admini-
stration, amore detailed analysis of this study was
performed using repeated measureanaysiscorrected
for covariates. When analysed thisway, the Synvisc®
group was not only equivalent but was signifi-
cantly better than the NSAID group.[7

In aretrospective study, case reports of all pati-
entstreated by 5 Canadian rheumatol ogi sts were
collected during a period of 2.5 years and ana-
lysed.[7@ Thefilesof 336 patients (458 knees) were
reviewed. 56 kneeswere given a second treatment.
76% of patients responded to the treatment after the
first series and 84% after the second. About half of
the patients were graded * much better’. Clinical ben-
efitsafter afirst treatment lasted >3 monthsin 65%
of the patients and >6 monthsin more than half the
patients. The mean time beforethe patientsrequested
a second treatment was 8.2 months.

Lastly, a double-blind, double-control compar-
ison of viscosupplementation with Synvisc® against
diclofenac and placebo control in knee osteoarthri-
tis has recently been presented and published asan
abstract.[”®l Therewere 3 groups: group 1, arthrocen-
tesis + Synvisc® + placebo capsules (the Synvisc®
group’, 43 patients); group 2, arthrocentesis + di-
clofenac retard 100 mg/day (the' diclofenac group’,
42 patients); and group 3, arthrocentesis + placebo
capsules (the ‘double-control’ group, 49 patients).
After the 12-week trial, the patients were allowed
to enter afollow-up evaluation, with up to 4 addi-
tional courses of Synvisc®.

Synvisc® was statistically superior (p < 0.05) to
the double-control treatment for the Lequesne In-
dex, the Western Ontario and McMaster Universities
Osteoarthritis(WOMAC) A pain score, the WOMAC
Cfunctional score, andtheWOMAC A/C composite
score. The diclofenac group was not statistically
superior to the double-control group for any of the
measurements. Synvisc® was statistically superior
to diclofenac (p < 0.05) for walking pain, pain at
night, and pain at rest. The mean time between treat-
ments 1 and 2 in the follow-up phase was 13 weeks
and between courses 2 and 3 it was 17 weeks.[7]

Therateof local reactionswith Synvisc® (2 to 4%)
was comparable to that reported in previous stud-
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ies. In the diclofenac group 32% of patients had gas-
trointestinal symptoms, compared with 9 and 7%
of the patients treated with Synvisc® and arthrocen-
tesis, respectively (p < 0.005). A possiblecriticism
of this study is that the diclofenac dose may have
been submaximal, leading to a possible efficacy
bias favouring Synvisc®; however, the rate of gas-
trointestinal symptoms would be expected to be
higher if the maximal diclofenac dose of 150mg
had been used.

4. Saofety of Hyaluronan
and Hylan Injections

Safety isamajor concern for atherapy used for
a chronic nonlife-threatening condition that may
require many repeat administrations. A comprehen-
sive review of available data shows that the inci-
denceof adverseeventsislow after local injections
of hyaluronan or hylans (table VI).

Tolerability of hyaluronan and hylan, in general,
has proved to be very good. Thistype of treatment
has gained wide acceptance in countries where it
isavailable. However, long term studieseval uating
repeat treatments and possible influence of thisther-
apy on the natural history of knee osteoarthritis need
to be done. In 1 report, involving only 22 patients,
the rate of adverse events was 27%.[71 However,
there were several statistically anomalous results in
the data.l” In the 1-year study by Altman et al.,[48]
injection site pain occurred at a rate of 23 vs 13%
in the placebo group, emphasising the importance
of correct placement of the injection.[’8771 |n addi-
tion, it is important to aspirate as completely as
possible any synovia fluid which may be present.

The only adverse effects of significance are tran-
sient local reactionsin theinjected joint, which are
typically benign, short lived, without sequel ae, and
similar to those observed with any intra-articular
treatment. The mean prevalence of local adverse
effectsin controlled clinical trialsis generally be-
tween 2 and 4% of theinjections. In controlled clin-
ical studies, the frequency of adverse effects after
control injections (usualy saline) falls within the
samerange. Intra-articular injections of corticoste-
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Table VI. Rates of local adverse effects (AEs) reported for the available hyaluronan and hylan products!l

Rate (%) of local AE per injection (range)

Patients who discontinued

Product clinical trials postmarketing surveys clinical trials (%)
Hyalgan® 4.2 (2-4.4) 0.5 14
ARTZ® 2.6 (1.6-15) 0.42 3.4
Synvic® 2.3(0-3.5) 0.16 15

a Calculated from the rate per patient, assuming 5 injections per course of treatment.

roids are known to cause painful reactions at an
incidence of approximately 3%.[62.78]

These local adverse effects are very much the
samewith all intra-articular injection products. The
adverse effects include joint pain that occurs from
afew hoursto 2 days after the injection. The joint
may be swollen, but israrely warm. An effusion may
be present and, in afew instances, has been report-
ed to be abundant and rich in mononuclear cells.
These symptoms, in most cases, resolve spontane-
ously in a few days, often before the next weekly
injection. Rest, cold packs, analgesics, NSAIDs,
and occasionally corticosteroid injections or ar-
throcentesisto removethe effusion have been help-
ful. This local reaction does not necessarily recur
with subsequent injections, so discontinuation of
the treatment is generally unnecessary and clinical
benefits can often be significant after the local re-
action subsides.

Onvery rare occasions, an adverse reaction may
be so severeasto mimic ajointinfection, evenwith
white cell counts of >1 x 10° cells/fmm3 in the sy-
novia fluid. However, these too are self-limiting
events that do not require any emergency surgical
intervention, unlessit is clearly demonstrated that
the joint is septic on the basis of microbiological
studies.

The mechanism of these local adverse effectsis
poorly understood. The absence of recurrence after
further injections seemsto preclude allergic mech-
anisms. The events may result from misplacement
of theinjections, which is commonl76771 and could
cause tissue swelling. Reactions might be caused
by blockage of the synovial outflow by these vis-
cous substances. In a few cases, large and highly
cellular effusions have been reported and the pos-
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sibility of crystal arthritis has been raised.[79.80
Presently, these mechanisms remain conjectural.

No alteration of blood or urine tests rel ated to the
hyaluronan or hylan products has been observed.
No interaction with drugs taken by the patients for
coincident conditions are known, nor are they ex-
pected because intra-articular hyaluronan has no
systemic pharmacological activity.

All of the manufacturers correctly insist on
strictness of aseptic conditions while performing the
injections. Reports of septic arthritis after hyaluro-
nan or hylan injections are very rare, and have never
been traced to acontamination in the product itself.

Finally, it is notable that no case of viral infec-
tion has been reported during hyaluronan use in
several million patients who received hyaluronan or
hylan preparationsintra-articularly in Japan, Italy,
Canada, Sweden, Germany, and many other coun-
triesin the past 10 years, aswell asin an estimated
40 million peopl e treated with hyal uronan prepara-
tionsin ophthal mic surgical proceduresworldwide
during the past 25 years.

5. Discussion

As discussed above, al of the hyaluronan prod-
ucts have an excellent safety profile, with no or
extremely rare systemic adverse effects. Local ad-
verse effects are self-limiting, do not diminish ef-
ficacy and do not seem to be caused by animmuno-
logical reaction. It is essential to bear in mind the
importance of full aspiration of any synovia fluid
that is present and meticulous attention to needle
placement, in order to optimise efficacy and mini-
mise adverse effects.

All of the products for viscosupplementation
have been shownin clinical trialsto be effective. The
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results may well differ between various products
but directly comparative trials are not available.

Aswaell, al hyaluronan products may be cost ef-
fective versus NSAIDs, because of the high cost of
NSAID-associated gastrointestinal bleeds, but no
formal pharmacoeconomic analyses have investi-
gated this aspect of therapy. Relative cost effective-
ness of varioustreatments may changeif thecyclo-
oxygenase (COX)-2 selective inhibitor NSAIDs
live up to their expectations and are not very expen-
sive.

The hyaluronan products may also differ from
each other with respect to cost effectiveness. The ac-
quisition cost of Synvisc® isnot, or not substantially,
greater than that of the lower molecular weight
hyaluronan preparations,!8l] yet its efficacy seems
to be more consistent and possibly greater. In ad-
dition, the full course of Synvisc® isa3-injection
rather than a 5-injection protocol. Overal, based
on the preclinical and clinical data, it may make
more economic and clinical sense to use a prepa-
ration that requires only 3 injections. Use of the
lower molecular weight preparations of hyaluro-
nan entails an increase in the physician’s and pa-
tient’s cost because of greater number of injections
required and therefore the increased possibility of
infection. However, formal studies comparing
these products have not been published.

Unfortunately, no studies have been published
that accurately assesstheimpact of viscosupplement-
ation onthedirect and indirect costs of osteoarthri-
tis, though we are aware of such studies being done.
It is hoped that such studies will be published in
the near future, giving us guidance as to the cost
effectiveness of viscosupplementation in the treat-
ment of osteoarthritis.

When should these products be used in treat-
ment of osteoarthritis? Astheclinical trial evidence
suggeststhat all the productsare effectiveand have
no devastating or potentially fatal adverse events,
it would seem to be sensible to use them before start-
ing NSAIDs, and after conservative measureshave
been tried (exercise, bodyweight loss, physiother-
apy, occupationa therapy, simple analgesics, pa-
tient education, etc.). In addition, Synvisc® appears

0 Adis International Limited. All rights reserved.

to be at least as good as, and possibly better than,
NSAIDs and requires only 3 injections.

It is clear, though, that not all physicians agree
with this proposed strategy. Thismay be on thebasis
of immediate cost, with some NSAIDs having low
initial costs. However, with possible exception of
the COX-2 specific NSAIDs, the cost of the adverse
events associated with NSAIDS needs to be consi-
dered. As viscosupplementation generally is more
effectivein patientswith mild to moderate osteoar-
thritis, though it certainly can be effective in ad-
vanced disease, its use could be considered either
before, or concurrently with, theinitiation of NSAID

therapy.

6. Conclusions

Intra-articular therapy with elastoviscous solu-
tions of hyaluronan or hylans (viscosupplementa-
tion) isone of the best tolerated, most effective treat-
mentsfor osteoarthritis of the knee. It reduces pain
and improves joint function for several months af -
ter aseriesof 3to 5injections. Also, it can signifi-
cantly decreasethe patient’s dependence on NSAIDs
and corticosteroid injections and their associated
hazards. Most, but not al, evidence from both pre-
clinical and clinical studies suggeststhat the great-
er the elastoviscosity (molecular weight) of the
viscosupplementation product, the greater the ef-
fectiveness of the treatment.

By re-establishing elastoviscous homeostatic
conditions in the joint, viscosupplementation has
the potential to influence the natural course of os-
teoarthritis. However, studiesto show thisdirectly
need to be performed, as do formal cost-effective-
ness studies.
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