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Abstract
Objective
Hyaluronic acid (HA) polymers have been found to be useful as viscosupplements for the treatment of
osteoarthritis (OA) in a number of clinical studies. It appears that HA with high molecular weights (HMW) are
more effective than low molecular weight HA polymers.

Methods
Asingle blind, initial randomized study was conducted involving two randomly selected patient groups, which
received injections of either placebo or BioHy™, a highly purified HMW HA produced by bacterial fermentation.
HA was administered intra-articularly and several functional tests, including pain level, stiffness, and physical
function, were used to score efficacy at various intervals throughout the study.

Resultsand conclusion
The results through week 20 indicate that BioHy™ provides relief for osteoarthritic patients without causing
adver se effects, although the study was not sufficiently powered to obtain statistically significant differences
between the treatment groups.
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Introduction

The sodium salt of hyaluronic acid
(HA) is a naturally occurring, high
molecular weight (HMW) linear poly-
saccharide composed of alternating
residues of sodium D-glucuronate and
N-acetylglucosamine. This viscoelastic
polymer, often referred to as hyaluro-
nan, is responsible for some of the pro-
tective functions of the synovia fluid,
including shock absorption, traumatic
energy dissipation, and lubrication, as
well as controlling the migration of
cells and large molecules (1, 2). In the
human arthritic joint, the elasticity and
viscosity of the synovia fluid are sig-
nificantly lower than in the normal
joint; the concentration of hyaluronan
is decreased, and its molecular weight
isreduced (3, 4).

The concept of viscosupplementation
using HA to restore the normal rheo-
logical homeostasis of the joint was
developed during the late 1960s (5).
Highly elastoviscous solutions of hya
luronan were first introduced into med-
icine for treating inflammation in the
knees of race horses (5). Replacement
HA therapy in osteoarthrithis (OA)
patients by HMW hyaluronan increases
the viscoel asticity of the synovial fluid,
thus decreasing pain and conferring the
better lubrication of joints. Random-
ized, controlled clinical trials of intra-
articular hyaluronan injeotions for the
treatment of osteoarthritis of the knee
have shown variable results. Some of
these trials suggest long lasting pain
relief (6-8), while others have failed to
show a difference between hyaluronan
and placebo (9, 10). Today, several
products comprising HA with molecu-
lar weights varying from of 0.5 to 6
million Datons (MDa) are commer-
cially available. The HMW HA prepa
rations for intra-articular administra-
tion have greater pain reducing effects
in OA joints than the low molecular
HA preparations (11-13).

BioHy™ is a highly purified, non-
inflammatory, high molecular weight
(3.0 £ 0.6 MDa) sodium hyaluronate
manufactured by bacterial fermentation
of the non-hemolytic strain of Srepto -
coccus zooepidemicus. In this feasibili-
ty study, we assessed the tolerability
and efficacy of BioHy™ in a small,
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placebo-controlled group of patients
with OA of the knee.

Patients and methods

Patients

Outpatients of the orthopedic clinic
Assaf Harofeh Medical Center (Zerifin,
Isragl) fulfilling the following inclusion
criteria were enrolled in the study:
adults of either sex, between the ages
of 60 and 85, with evidence of idio-
pathic symptomatic clinical OA of the
knee as classified according to the Alt-
man criteria (14) and radiologically
verified OA of the knee (stages 2-4) ac-
cording to the Kellgren and Lawrence
grading system (15), but otherwise in
good genera health as determined by a
complete medical history and physical
examination, with no previous history
of surgical treatment of the joint or of
arthroscopy or injectionsto the kneein
the 6 months prior to initiation of the
study. Analgesic or NSAIDs medica-
tions were not deprived before or dur-
ing thetrial.

Patients with the following conditions
were excluded from the study; patients
with knee OA originating from an
intra-articular  fracture, rheumatoid
arthritis, joint infection, other inflam-
matory and metabolic arthritis, or OA
of the hip joint; patients with signifi-
cant systemic diseases, alergy or ato-
py, or skin conditions overlying the
joint which could cause the administra-
tion of injections to be problematic;
and patients with copious joint exu-
dates (i.e., more than 15 milliliters of
aspirated synovial fluid) because large
amounts of exudates could have an
effect on the active substance by dilu-
tion.

All patients were fully briefed and
signed an informed consent form prior
to participating in the study. Patients
were withdrawn from the study if com-
pliance was inadequate. Concurrent
and escape medication, including non-
steroidal anti-inflammatory agents or
paracetamol, were allowed throughout
the study The use of medication was
equally divided between the groups.

Sudy design
The study was an open label, prospec-
tive, single blinded, randomized, place-



bo controlled trial and was approved by
the Ethical Review Board of the Assaf
Harofeh Medical Center, Isradl.

Treatment administration

Treatment consisted of 20 mg BioHy ™
(20 mg/ml) a highly purified, sodium
hyaluronate with an average molecular
weight of 3.0 + 0.6 MDa, manufactured
via bacterial fermentation. BioHy™
was supplied as a sterile 1% solution in
2 ml phosphate buffered saline, pH 6.5
- 7.5. The placebo consisted of 2 ml of
the phosphate buffered saline. BioHy ™
and the placebo were allocated ran-
domly to two parallel groups, which
received 5 weekly injections of either
the active substance (BioHy™) or the
placebo preparation. Before injection
any knee effusion was aspirated and its
volume was noted and tested for ap-
pearance, polymorphonuclear cells and
white blood cells. In order to maintain
single blind conditions and eliminate
therisk of bias, the physician who per-
formed the clinical assessment was dif-
ferent from the one responsible for han-
dling and injection.

Clinical assessment

The patients underwent clinical assess-
ment on aweekly basis during the first
4 weeks, then at weeks 6, 12 and 20.
Thisincluded pain level at rest and dur-
ing activity, stiffness, and physical
function as assessed by the Muscu-
loskeletal Outcomes Data Evaluation
and Management System (MODEMS)
arthritic module. The level of pain was
assessed while the patient stood up-
right, was in a sitting or lying position,
walked on a step incline, walked on a
flat surface, or at night in bed. Categor-
ical scoring (none = 1,mild = 2, moder-
ate = 3, severe = 4, extreme = 5) was
used in the assessment (16). In addi-
tion, muscle strength, stiffness, and
tenderness of the knee joint upon pal-
pation were monitored and scored
using the same scale. Active range of
motion was assessed on each visit, and
the scores were classified as 1 = more
than 135; 2 = 90-135; 3 = 45-90; and 4
= less than 45.

Laboratory assessment
Laboratory assessment, blood chem-
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istry and hematology (according to
standard methods) were performed
only at baseline in the hospital’s labo-
raory.

Satistical analysis

A general linear modd (GLM) was
used to account for the demographic
variability in age at baseline. The pri-
mary endpoint was pain score, and sec-
ondary efficacy endpoints included
stiffness and physical function. Each
endpoint consisted of a subset of ques-
tions which were assessed using cate-
gorical scoring. Differences between
the two treatment groups were eval uat-
ed after calculating the average of each
parameter for each visit and the change
in the main score at post-treatment vis-
its from screening. Analysis was deter -
mined by the status of OA of the knee.
The pair-wise t-test was performed on
changes observed at post-treatment vis
its from the condition observed during
screening.

Results

Forty-nine patients with idiopathic OA
were enrolled in the study. Twenty-five
patients received BioHy™ and 24 re-
ceived placebo. Table | summarizes
their characteristics at the start of the
trial. There was no statistically signifi-
cant dif ference between these parame-
tersin the two groups.

The mgjority of patientswere classified
as stage 3 with a definite narrowing of
the joint space (15), 64% in the Bio-
Hy™ group and 44% in the placebo
group. In both groups, 21% were cate-
gorized as stage 2 with possible nar-
rowing of the joint space. Patients cate-
gorized as stage 4, with a marked nar-

rowing of the joint space, included
28% from the placebo group and 12%
from the BioHy™ group. Six patients
did not receive al 5 intra-articular in-
jections, 3 in the placebo group and 2
in the BioHy™ group.

Three patients from the BioHy group
withdrew prematurely; one had severe
pain due to traumafrom the needle, one
due to subsequent total knee replace-
ment, and one patient was lost to fol-
low-up. Four patients in the placebo
group did not complete the study; 3 of
them wished to withdraw, and one was
lost to follow-up.

Synovial fluid aspiration was per-
formed in only 5 patients and the |abo-
ratory analysis was only partially avail-
able.

Perfor mance assessment

This feasibility study showed that
BioHy™, injected intra-articularly, is
well tolerated and does not cause unex-
pected local side effects. All pain para
meters were assessed and scored by the
investigator.

Pain while working on a flat surface.
Figure 1 A shows the change in the
mean categorical score assigned by the
investigator during the 20 weeks of the
study. In general, during the course of
treatment BioHy administration was
associated with decreased pain while
walking on aflat surface, although the
differences between treatment groups
were not statistically significant.

Pain while walking on steps or while
standing upright. The pain experienced
by the patientsin both treatment groups
while performing these activities was
similar for each task (data not shown).
Pain at night while in bed: Figure 1 B

Table|. Baseline characteristics of the patients.

Sex (%) BioHy™ Placebo Total
(n=25) (n=24) (n=49)
Male 6(24) 7(29) 13
Female 19 (76) 17 (71) 36
Age (yrs.) 71 70 71
Stage 2 6 5 112
Stage 3 16 11 27
Stage 4 3 7 10

@ one patient was undefined with regard to the initial state of his disease.

267



Intra-articular hyaluronic acid injections for osteoarthritis/ E. Tamir et al.

£

g

e

&
b
1

Changs In maan pain scon
Changs i ikl ain seoms
L}

Ere
2.4
wicd wi3 wich wict2 wic wirl wid whi w12 w2
Tima Tims
s 0K
i 04-{[E] § Bl
= e 047
0.2
| | 0.2-
1 o !
& 02- 5 n__-um
5 M- E u-
08 0.4
wki wic wich whi2 w20 wicl Wil wil w12 w20
Tims Tiw

Fig. 1. BioHy effects on knee pain.

The pain experienced by each patient was assessed, while he was: (a) walking on aflat surface; (b) at night while in bed; or (c) sitting or lying down. The
extent of knee pain,according to the MODEM S scoring system, was evaluated for each patient before treatment and at the indicated time pointsfollowing the
first treatment. The difference between pain assessment values at the first visit and subsequent visits was cal culated, and the mean values for each group were
subsequently calculated for all of the patients. An average of al of the assessed scores was cal culated for each treatment group at each time point, and these
results appear in (d). The results for the BioHy-treated patients are represented by the dark bars,and those for the placebo-treated control patients are repre-
sented by the lighter bars.
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18 Fig. 2. BioHy effects on knee stiffness.
§ EI The stiffness experienced by each patient was
LE- assessed, after he: (a) rose in the morning; or (b)
’ sat, rested, or was lying down. The extent of
stiffness, according to the MODEMS scoring
B system, was evaluated for each patient before
E treatment and at the indicated time points follow-
:! an ing the first treatment. The difference between
B stiffness assessment values at the first visit and
subsequent visits was calculated, and the mean
E"" values for each group were subsequently calcu-
lated for al of the patients. The results for the
4B . . " " . BioHy-treated patients are represented by the
wict wid with wki2 wic dark bars, and those for the pl aceboftreated con-

Time trol patients are represented by the lighter bars.
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shows the change in mean categorical
score assigned by the investigator dur-
ing the 20 weeks of the study period. In
general, during the course of treatment
BioHy adminigration was associated
with decreased pain at night while in
bed after the second injection, which
continued to decrease through week 20.
This figure shows that the disparity
between the average responses of the
treatment groups increased during the
course of the study. However, the dif-
ferences between treatment groups for
these parameters were also not statisti-
cally significant

Pain in the sitting or lying position.
Figure 1 C shows the change in mean
categorical score assigned by the inves-
tigator throughout the 20 weeks of the
study period. The improvement in pain
experienced when sitting or lying down
fluctuated. However, there was a dis-
tinct trend of improvement for patients
treated with BioHy™, and the disparity
between the average responses of the
treatment groups also increased during
the course of the study with regard to
this parameter. The composite effect
was sustained throughout the duration
of the study, to week 20.

Taken cumulatively, the results for the
BioHy™ treated patient group showed
a distinct positive trend in the average
of all 5 pain parameters assessed in
comparison to the placebo group (Fig 1
D).

Knee joint tenderness upon palpation.
The initial levels of joint tenderness
were similarly distributed among the
patients in the placebo and BioHy
treatment groups at screening. During
visits 1-6, progressively more BioHy-
treated patients felt relief, while the
maximal relative number of placebo-
treated patients feeling some relief was
essentially reached at the second visit.
The greatest relief for both groups was
observed at visit 6 (week 12). During
this visit, 64% of the BioHy-treated
patients were found to have experienc-
ed somerelief, while 46% of the place-
bo-treated patients experienced some
relief according to the scoring with this
parameter.

Siffness at the knee joint. Stiffness of
the knee joint was assessed by both the
severity of stiffness after walking in the
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morning, and the severity of stiffness
after sitting, lying or resting (Figs. 2A
and 2B). Both of these parameters indi-
cated atrend, suggesting that BioHy™
may decrease stiffnesswhen the kneeis
moved after rest.

Muscle strength: No difference was
observed in the patients' capability to
perform daily tasks. In addition, exami-
nation of quadriceps power during sub-
sequent visits showed a progressive
tendency for the BioHy™ group to
achieve a very good score, while the
overall score of patients receiving the
placebo did not vary from the score at
screening.

Safety

No systemic adverse effects were re-
corded which could be related to the
treatment. Twenty-nine patients (18
who recei ved the drug and 11 the pla-
cebo) complained of knee pain imme-
diately after the injection which was
related to the injection procedure and
not to the HA. One patient who
received BioHy had knee pain immedi -
ately after the injection which was
related to the injection procedure and
not to the treatment. One patient who
received BioHy had knee pain and
swelling 2 weeks after injection num-
ber 5. The duration of the event was
several days, and it resolved sponta-
neously. Synovia fluid analysisin this
patient showed low WBC and protein
levels.

Discussion

The current body of evidence indicates
that HA injections provide beneficial
effects for patients with osteoarthritis
of the knee. There are several possible
mechanisms for this beneficia effect.
In the synovial fluid, areductionin HA
size appears during joint inflammation
and may be indicative of reduced |ubri-
cation. However, the involvement of
other mechanisms in the disease etiolo-
gy is aso possible. This may partially
explain the results of various clinica
studies, inwhich it is not clear that HA
always functions as a treatment for
these disorders, since the disorders also
resolved themselves in a portion of the
placebo-treated individuals, while in
some of the HA-treated patients the
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disorder persisted. In any case, these
treatments are apparently rarely ac-
companied by adverse reactions. The
recorded adverse reactions are local
and seem to be related to the manner in
which HA is injected rather than to an
effect of HA, itself. Therefore, HA
products such as BioHy, which consis-
tently contain high molecular weight
HA, may be beneficia for patients with
various inflammatory joint disorders
without causing serious side effects.
The current body of evidence indicates
that HA injections provide beneficia
effects for patients with joint disorders
(17). This clinical investigation is the
first study designed to treat osteoarthri-
tis that involves an ultra pure HA pro-
duced by bacterial fermentation. Bio-
Hy™ comprises a 1% physiological
solution in a phosphate buffered saline
of high molecular weight HA (3 £ 0.4
MDa), with a limiting viscosity of
100,000 cps at room temperature. As
such, the active substance has particu-
larly high viscoelastic properties, and
the purity of the product is carefully
controlled by cGMP manufacturing
conditions, so that in contrast to the
rooster comb preparation, protein cont-
amination levels are insignificant. The
same HA preparation, marketed under
the name of BiolLon, has been safely
and successfully used for a number of
yearsin cataract surgery in many coun-
tries including European Union coun-
tries and the United States.

The end points of clinical studies in-
volving patients with osteoarthritis pri-
marily involve pain and the functioning
of the joint. In the present study, Bio-
Hy-treated patients on average experi-
enced progressive relief at rest or when
performing normal activities which
required stress on the treated joint, as
the study progressed from week O to
week 12. They also experienced less
knee stiffness after periods of inactivity
during this period. By comparison, the
average responses of placebo-treated
patients were generally unchanged dur-
ing this evaluation period. Though
these changes were not statistically dif-
ferent, and the small sample size and
free allowance for taking pain medica-
tion interfered in the evaluation of the
treatment, the performance of BioHy
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suggested afavorable trend in decreas-
ing pain. This feasibility study also
showed that the intra-articular injection
of BioHy™ is well tolerated, and no
HA-related adverse events were found.
A similar performance has been found
after viscosupplementation with roost-
er comb-derived HA products and in
more powered studies their usefulness
in decreasing pain and improving joint
functioning in OA patients was clearly
demonstrated (18). Moreover, it was
shown that there are clinical advan-
tages to administering a higher molecu-
lar weight HA product (11-13). Synvisc
isachemically cross-linked 6 MDaHA
polymer derived from rooster combs,
and its effect was compared with those
of two medium MW HA-derived prod-
ucts (0.75 MDa and 2 MDa). While
Synvisc performed significantly better
than the 0.75 M Da polymer, no statisti-
cal differences between the effects of
the higher MW products were found.
Therefore, HA products such as Bio-
Hy™, which consistently contain high
molecular weight HA, may be benefi-
cial for patients with variousinflamma-
tory joint disorders without causing
serious side effects. BioHy will be
examined in further studies involving
greater numbers of patients in order to
show statistically significant clinical
effectiveness.
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